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PART-TIME FARMING IN MASSACHUSETTS
By David Rozman, Assistant Research Professor of Agricultural Economics

INTRODUCTION

There is in the State of Massacluisetts a lariie mmiber of peojile wlio

practice agriculture on a part-time basis. Although this system of farm-

ing has been present to some extent in southern New England throughout

the whole of the last century, it appears from this study that it has gained

considerably in many sections of this region during the last ten or twenty

years. A number of factors have been responsible for this development,

especially good roads and motor transportation, which enable the opera-

tors to travel greater distances to and from their work.

The investigation of part-time farming was undertaken with the follow-

ing purposes:

1. To determine the place of part-time farming in Massachusetts agri-

culture with special reference to the industrialized areas of the State.

2. To determine the types of part-time farming.

3. To determine the main factors responsible for the development of

part-time farming.

4. To study the effect of part-time farming on land utilization.

5. To determine the importance of part-time farming as a source of

food supply.

6. To determine to what extent part-time farming competes Mith regu-

lar agriculture in the State.

7. To analyze the economic and social consecjuences of part-time farm-

ing for the operators and their families.

8. To jirovide a more adetpiate basis for agricultural policies connect-

ed with problems of part-time farming.

The data for this study were obtained by means of a survey of three

difl'erent areas selected with a view to obtaining a ])icture of part-time

farming in localities with varying conditions of agriculture, industrial

employment, and nationality of operators. In the northeastern section of

the State the investigation was carried on in four towns situated around

the city of Lowell; in the southeastern section, in the four towns between

Taunton and Fall River; and in the central part, in the town of Tlolden in

Worcester County.

Part-Time Farming Defined,

As conceived in this study, ]iart-tiinc farming represents on one hand a

coml)ined use of ojjcrator's lal)()r in liis agricultural cnterjirise and in some
otiuM- emi)loymcnt, and on the other liand a combined use of land for agri-

culture and for other purposes, i)rin('ii)ally residential and recreational.

The question naturally arises as to how mucli time a regular farmer will

^ The practice of agriculture on a part-time basis in New England has been frequent-

ly referred to by many writers. It does not seem, however, that an independent study

devoted specifically to this prol)lem has ever been made. The term "part-time farm-

ing" has been introduced in this study to take the place of a number of different names
ordinarily used to describe similar conditions, like "farming in the twilight zone,"

"one-cow farmer," "back-yard farmer," "amphibian," and so forth.
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ave to spend in outside employment, or how large irnist be the agricultural

output of an operator engaged primarily in some other occupation, before

either of them can be classified as a part-time farmer. For the purposes of

the present study each operator who spent two or more months a year in

some outside work in addition to his agricultural activities has been given

this classification. Althougli the limitation tluis established was more or

less arbitrary, it fitted f;iirly well the conditions existing in the areas

covered by tiie investigation. It was hirge enough to exclude a numl)er

of regular farmers who occasionally performed a little outside work in

their vicinity, and on the other hand it made it possible to take account

of all those operators who obtained from outside employment a substantial

part of their incomes. This definition of a part-time farmer was applied

in each case to tlie head of the family who carried on his agricidtural

activities himself or witli the help of iiis family, or with some occasional

outside he)]).

In the town of Iloideii, where a record was taken of all part-time

farming enterprises, no limit was set as to the size of landholdings or

the amount of agricultural output; but in tiie Lowell and Taunton areas,

where a si)ecial group of part-time farmers was investigated, only tliose

were included whose agricultural outj^ut amounted to at least $100.

A distinction was also made between tlie part-time farmer and the

part-time farming enterprise. These two do not necessarily coincide.

Cases were found where heads of families were devoting to their farming
activities only part of their working time, iiut in addition to this their

grown-u}) sons or hired men worked on the farm on a full-time basis. In

those cases the operators tiiemselves were ))art-time farmers, but their

enterprises were regular farms and in this study were treated as regular

farming enterprises. If, however, the operator himself and the mend)ers

or his family were all working on the farm on a part-time basis, the en-

terprise was classed as jiart-time farming, even though occasionally some
hired help was used.

The retired i)eople who lived on small landholdings, obtaining from
farming only a part of their income and depending for their living largely

on receipts from some other source, were also considered in this study as

engaged in part-time farming.

Regular and Seasonal Part-Time Farmers

On the basis of the general adjustment of their working time, part-

time farmers were found to be of two distinct types. One is represented
by the operators who are regularly engaged in some employment outside
of their landholdings and who devote to their agricultural enterprises only
the time left from their daily work. The other type is found in the
seasonal part-time farmers who spend all their time on the land through the
farming season and hire out only after this season is over. The propor-
tion of time any operator devoted to agricultnre and other occupational
pursuits varied considerably in both types of part-time farming, depend-
ing in each individual case upon the size of the enterprise, condition of
out.side employment, and amount of help supplied by the operator's fam-
ily. Specialization in the growing of vegetables, which was practiced by
a number of operators in Taunton area, was found to be well adapted to

seasonal part-time farming. On the other iiand, the regular part-time
farmers specialized largely in small dairy and poultry enterprises, where
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the working time on the farm is distributed more or less uniformly throufjh-

out the year.

Distinction on the Basis of Occupation

Another distinction between the operators was made on tlie basis of

the nature of their outside employment. The first group, which is the

most important numericallj-, includes skilled and unskilled industrial labor-

ers, artisans, farm laborers and other manual laborers. In the second

group are office workers and bu.siness and professional men. The im-

portance of distinction between these two groups lies in the fact that

while the first group is engaged in farming largely because of economic

considerations, the members of the second often practice a little farming

for its other advantages, the economic considerations playing only a sec-

ondary part.

Proportion of Part-Time Farmers Previously Engaged in Regular Farming

In the areas covered by the investigation, part-time farming developed

almost exclusively as a resvdt of the settling on the land of persons from

industrial and other employments. Of the total number of operators

interviewed in Lowell and Taunton areas, only seven were regular farmers

before they began to practice agriculture on a part-time basis. This

figure, together with the fact that the majority of operators were employed

outside of their own towns, throws considerable light on the difference

between part-time farming at present and part-time farming in the last

century or earlier as it is described in historical studies of New England

agriculture.

In the j)ast, part-time farming flourished almost exclusively wlien some

employment was available within the community, largely in the village

mills. It was also based on a self-sufficient agriculture, where many
manufacturing processes were performed on the farm." In these early

cases fhe operators were primarily farmers or children of farmers. Tlie

present part-time farmers in the industrialized areas come largely from the

urban elements of population, for improved roads and the development

of motor transportation have made it possible for city workers to settle

on the land and commute to the place of their work.

RELATION OF PART-TIME TO REGULAR FARMING-
TOWN OF HOLDEN

Varying conditions of agriculture ami industry between the different

sections of Massachusetts, as well as within each section, make it ex-

tremely difficult to select a community which gives a typical picture of

part-lime farming for the whole State. It is believed, however, tiiat the

town of Ilolden, with its agricultural organization and its location with

regard to opportunities of industrial emj)loymcnt, is a fairly representa-

tive community. Data on extent of part-time farming in many industrial-

ized towns in eastern Massachusetts would give an exaggerated notion of

its importance, while a number of agricultural communities in the western

part of the State would show very little of this type of agriculture.

- Bidwell, Percy W. Rural Economy in New England at the Beginning of the Nine-

teenth Century. Conn. Acad. Arts and Sci. Trans. 1916.
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The main object of investigation in the town of Holden was to deter-

mine the extent of part-time farming in the community as compared with

regular agriculture. Accordingly, a house-to-house survey was made in

the spring of 1929, and information was obtained as to the extent of

agricultural activities and occupation of operators from each household

practicing some kind of agriculture, irrespective of the size of enterprise.

This survey included both regular and part-time farmers.

Description of the Area

About the middle of the last century tliere were in operation in Holden

seven industrial plants.^ Now, however, there is only one, which is en-

gaged in the manufacture of overcoatings and cloakings and employs

between 250 and 300 operatives. The next important employer in Holden

is the Boston Metropolitan Water Works, which employs from 200 to 250

laborers in the shafts situated in tlie Holden section. In addition, some

employment is provided by work on the farms, the roads, and by mis-

cellaneous odd jobs.

Table 1.

—

Place of employment of operators and average distance traveled.

HOLDEN
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About 15 per cent of the town area is absolutely unfit for agriculture on

account of its extreme roufihness and steep hills. Another 5 per cent is

occupied by water, larjiely city reservoirs, or is low land which needs some

drainage to make it suitable for agriculture. The average elevation is

about 800 feet above sea level.

The location of farmers and ]iart-time farmers in Iloldcn is shown on

the maji. Most of the ojierators classified as laborers are emi>loyed in

Location of Farmers and Part-Time Farmers in the Town of Holden.

FARMERS

PART-TIME FARMERS
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Worcester. The map shows a concentration of residences in the center

of the town and in the southeastern section. The operators who live in

the latter section find their employment right across the town line in

Worcester where several large industrial plants are situated. In fact,

the nearness of these industries caused the settlement of this section of

the town, largely within the last five or ten years. Most of the Holden

operators, however, find employment in the central industrial and business

part of Worcester. The distance from the center of Holden to that

section of Worcester is about seven miles; hence, those who live north of

the center or at a distance from the main roads have to travel more than

seven miles to their place of employment. The average distance for those

employed outside of Holden is 5.7 miles. The distances traveled are

shown in Chart 1.

Chart 1. Percentages of Operators Traveling Various Distances to the Place of

Employment in Holden, Lowell and Taunton.

DISTANCE PLRCENTA&E
(miles) ° !2

2o 30 4o so 6o

3 -4.9

W/////(///A
I

BtL0W3 0^<<>v^/>x^x-/yy/>^/^^/x^/A^/Av^

5 - 9.9 WVA^/><^AV>-^

10 Oft OVER
7n

HOLDEN Q
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TA'JNTON

///////////. . . /. /// )'/. .. vy>/y// ^///A^VTTT^

Table 2 shows the conveyances used. In all cases the automobile was

the most popular means of transportation. The small number using elec-

tric cars in Holden is due to the fact that the main car line has been

discontinued, and this means of transportation is now available to but a

small section of the town. Of operators using automobiles, some used their

own cars; some traveled with their neighbors and shared the expense.

Where more than one member of a family was employed in about the

same place, the automobile was used even though other means of trans-

portation was available.

In Holden nearly three-fourths of the operators were American-born.

The largest foreign-born group was Swedish, and many of those designated

as Americans were of Swedish parentage. (Table 3.)
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The assumption that conditions in Flolden reflect apjiroxiniately tlie

agricultuTcal situation in tlie major part of the State would lead to the

conclusion that the total land area in farinin.ff and the number of operators

engaged in it are much larger in Massachusetts than reported by the census

figures. On the other hand, it also becomes clear that the number of

farmers listed by the census includes some operators farming on a part-

time basis.

Chart 2. Number of Farmers and Part-Time Farmers in Holden.

Occupations of Operators

The occupational division of operators as demonstrated in Chart 3

indicates that the great majority (61 per cent) of part-time farmers

found their outside employment as industrial laborers or artisans. Most

of them derive from farming an essential sh.are of their income, which

becomes more important in time of slack employment when they tend to

expand their agricultural activities. The operators represented by office

workers and business and professional men were found to be less concerned

with the economic ad\antages that might residt froiu their farming opera-

tions.

Acreage and Production in Farming and Part-Time Farming Enterprises

The relative importance of part-time farming in the agricultural struc-

ture of Holden is well demonstrated by comparison of farm and crop

acreage in farming and part-time farming enterprises, and the value of

products obtained from each type of enterprise.

Chart 4 shows that land in crops and also total value of products were
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Chart 3. Occupations of Operators in Holden.

1 rARIiERS

t Retired and Widows

3 Skiuleid and Unskilled

Laborers and Artisans

A Office: Worklrs amo

Salesmen

5 SobiNCSS Hen and

Superintendents

6 Professional FIem

Chart 4. Percentage of Total Acreage and Value of Production in Farming and

Part-Time Farming in Holden.

PERCENTAGE

TOTAL
ACREAGE.

/ACREAGE
IN CROPS

TOTAL VALUE
OF PRODUCTS

PRODUCTS
SOLD
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almost evenly divided between regular and part-time farming. Although

the production in most part-time farming enterprises is intended primarily

for family consumption, the proportion of products sold by them amounted

to over one-third of the total value of produce offered for sale by local

producers. Part-time farming enterprises, therefore, exercised a consid-

erable influence on local prices and general marketing conditions of agri-

cultural products.

Table 4.—PARx-TniE farming enterprises classified by value of output.

\'alue of Output Number Per cent

Below S50 124 33.9

S50— 99 89 17.1

100— 249 137 . 26.^

250— 499 79 15.2

500— 999 57 11.0

1000 or over 33 6.J^

Total 519 100.0

Table 4 shows the value of the products of all part-time farming enter-

prises. Nearly one-half had an output worth less than $100, while a

number of operators produced more than $1000 worth, the average value

being $287. Classified by occupations of operators (Table 5), the retired

men and women had the highest output and business and professional men
the lowest; while the output of the largest group, laborers and artisans,

was a little in excess of the average for nil enterprises.

Table 5.

—

Average value of agricultural output by part-time farmers,

classified by occupation.
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Table 6.

—

Distribution of land values in farming and part-time faujiing.

FARMING

Value per acre Acres

Number Per cent

Average

Total price

value per acre

PART-TIME FARMING

Acres Average

Total price

Number Per cent value per acre

Below $25 243

$25— 49 2.915

50— 74 757

75— 99 248

100— 299 267

300 or over 24

Total 4,454

5.5 $4,400 $1S

654 108,100 37

17.0 45,500 60

5.6 20,200 SI

6.0 35,900 134

.5 16,200 675

100.0 230,300 52

932
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Table 7.

—

Part-time farminki knteri'rises ceasstfied hy size of fakim.

Size in acres Numbe

Below 1 ISO

I— 2.9 160

3— 9.9 61

10-19.9 41

20—29.9 21

30—39.9 10

40—49.9 7

50 or over 39

Total 519

Per cent

31,.

7

W.S
11.

S

7.9

4.0

2.0

1.3

7.5

100.0

kept large flocks of poultry, and a few of them even had a cow. Thirty-nine

operators, or 7.5 per cent of the total number, had enterprises which

ranged in size 50 acres and over. It must be added, however, that most

of the land in these large lioldings is covered by brush and woods, and

is too stony or hilly to use for agricultural purposes. The possession of

large areas of this submarginal land is largely responsible for the fact

that part-time farmers hold a larger area of land tlian regular farmers.

Distribution of Live Stock in Farming and Part-Time Farming

Of the total of 604 cows reported, 444 were found in farming and

160 in part-time farming. Exactly one-half of the part-time farmers

reporting cows had one cow each, 19 had two cows each, and only 4 had

five or more cows each. (Table 8.)

Table 8.

—

Farmixg axd p.\rt-ti3ie farmixg enterprises ci^ssified by

XUMBER OF cows.

Farmers Part-time farmers

Number of cows —
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Taiile 9.

—

Farming and part-time farming enterprises classified by

number of horses.

Number of horses

1

2

3

4 or over

Total

i
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PART-TIME FARMING IN INDUSTRIALIZED AREAS-
LOWELL AND TAUNTON

The study in Lowell and Taunton areas was made in the spring and

summer of 1928 and was confined to part-time farruing enterprises where

the heads of families were engaged as industrial laborers, ,artisans, farm

or otlier manual laborers. In these areas the information from the

ojjerators was obtained on the basis of a detailed (|uestionnaire, taking

a record of the history of their occupations, date of settlement on the land,

extent of farm operations, and earnings both from the farm and outside

of it. Office workers and professional and business men engaged in

jiart-time farming were not included in this part of the survey, the

intention being to determine the economic and social set-up of part-time

farming t)nly for a definite group of wage earners. A further limitation

on the investigation was made by including only operators who produced

$100 worth or more of agricultural products during the year. A total

of 115 records was taken in Lowell area and 84 in Taunton area as \

sample of part-time farming enterprises with these qualifications.

Description of the Areas

Within the four towns making up the Lowell area studied, there were,

in 1928, nineteen industrial plants with a total of 2,496 operatives em-

ployed.^ The city of Lowell had at the same time 18.5 industrial plants

with a total of about 53,000 employees.

In Taunton area there were eleven industrial plants within the towns

in which the operators resided, with a total of 1,697 employees. In the

city of Fall River there were 133 industrial plants with a total of 42,618

employees, and in the city of Taunton 79 industrial establishments which

employed about 20,000 operatives.

In times of normal industrial activity, part-time farmers living within

the investigated areas find good opportunities for employment within

their districts. In the last few years, however, the conditions of employ-

ment have been rather unfavorable, due to depression in the textile in-

dustries, so that a number of operators have been employed only for a

few months in the year or have worked only three or four days during

the week.

Both Lowell and Taunton areas are well connected with the industrial

centers around which they are situated and offer to operators fairly

good facilities for communication with the place of their work. Trolley

lines, trains, and busses operate in both areas, and the roads for auto

traffic are in good condition. Where the farms are situated on country

roads, ordinarily only short distances separate them from the main roads.

The types of soil found in these areas, as in the town of Holden, are

diverse. In Taunton area there are large sections of sandy loam which,

with a sufficient use of fertilizers, is well adapted to market gardening.

Small areas of good valley soil are found along the Merrimac River in

lyowell area and along the Taunton River in Taunton area. The average
elevation of Lowell area is about 200 feet. The Taunton area is much
flatter, and has an elevation of only 100 feet above sea level.

The majority of operators found their employment in the industrial

centers nearest to their place of residence. The average distance to

* Directory of Massachusetts Mamifacturers. Sampson and JNlurdock Co., Boston.
1928.
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their places of employment was 3.8 miles in Lowell area and 5.0 miles in

Taunton area. The distances traveled are shown in Chart 1 (page 109).

Table 2 (page 110) shows the methods of transportation used. The

smaller percentage of operators using tlie automobile in Lowell area was

largely due to exceptionally good electric car and bus facilities. Opera-

tors using auto'mobiles either owned their own machines or rode in those

of neighbors, sharing the expense. The most common charge for this

transportation was $1.50 per week without much variation for distance

traveled. Where more than one member of a family worked in about the

same place, the automobile was used in preference to other available

means of transportation.

Operators are classified by nationalities on the basis of the place of

their birth. (Table 3, page 110). The proportion of American-born was

about the same in the Lowell and Taunton areas, about one-third of all

operators. The predominant foreign element in Lowell was Polish-Lithu-

anian; in Taunton, Portuguese.

Period of Settlement on the Present Landholdings

For the majority of operators in both areas, the first venture into

part-time farming began with their settlement on the present holdings.

Only 15 per cent of the operators in either area had practiced part-time

farming on holdings other than those they occupied at the time of the

investigation.

Table 12.

—

Period of settleiment of part-time farmers ox their present

LANDHOLDINGS.

Lowell area Taunton area

Year
Number Per cent Number Per cent

Up to 1910 6 5.2 8 9.5

1910—1914 16 13.9 9 10.7

1915—1919 22 19.1 17 20.3

1920—1924 48 H.8 30 35.7

1925—1927 23 W.O 20 23.8

Total 115 100.0 84 100.0

Table 12 shows that only 5.2 per cent of tlie operators in Lowell area

and 9.5 per cent in Taunton area had settled on the present holdings

prior to 1910. On the other hand, 61.8 per cent in the first, and 59.5

per cent in the second area began to operate their present enterprises after

1920, or in the eight-year period prior to the present investigation. When
due allowance is made for the ages of operators, and tlie fact tiiat some

of the earlier settlers died or moved out, these figures are still large

enough to warrant the conclusion that there has been an increase in the

rate of settlement within the last decade or so. This is also substantiated

by the fact that 32.2 per cent of the operators in Lowell area and 23.8

per cent in Taunton area, almost all of whom settled within recent years,

acquired merely land on which they erected buildings and developed

new enterprises.

The rate of growth of population within the last thirty years in small

towns and semi-rural districts of the State also indicates that there has

l)een an exceptionally large influx of people into the country, beginning
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Chart 6. Changes in Population in Investigated Areas, 1895-1925. 1895^:100.

PERCEWTA6E:

2 00

150

100

1685 1300 1905 191 1915 19£0 1925

with 1920. Charts 6 and 7 show that, both in the areas investigated and in

the total of towns of less than 5,000 and less than 10,000, the highest

increases in population came in the five-year period from 1920 to 1925.

Or. the other hand, all the cities and towns with population of over 10,000

showed a more or less uniform growth through the entire period under

observation, the greatest increase occurring in the five-year period from

1910 to 1915.

Age of Operators

The average age of operators was found to be about the same in both

areas, 45.7 years in Lowell area and 45.2 in Taunton area. The distribu-

tion of ages, however, does not sliow the same similarity. (Table 13.)

While 15.5 per cent of the operators in 'I'aunton area were below the age

of 35, in Lowell area this group included only 8.7 per cent. Taunton

area exceeded Lowell area also in the percentage of operators over 45

years old, but the latter showed a greater percentage in the age grouji

between 35 and 45 years. The part-time farmers in Lowell area, there-

fore, were represented to a greater extent by the middle age group, while

in I'aimton area there was a predominance of younger and older men.
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Chart 7. Changes in Population in Massachusetts Towns and Cities by Size Groups,

1895-1925. 1895=100.

PERCENTAGE
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In the Latter area, many sons of Portuguese fathers, even those born

in this country, instead of moving into the city, established themselves on

the land and engaged in farming on a full- or part-time basis. This

became more easily possible because the Portuguese parents gave liberal

financial assistance to their sons for acquisition of small farming enter-

prises. Nevertheless, the presence in Taunton area of a comparatively

large number of young operators with insufficient savings resulted in a

higher percentage of tenancy as compared with Lowell area.

Table 13.

—

Distribution of ages of operators.

Lowell area Taunton area

Age of operator

Under 30

30—34.9
35—39.9
40—44.9

45—49.9
50—59.9

60 or over

Total

Number

10

23

22

21

30

9

115

Per cent

0.0

8.7

20.0

19.1

18.3

26.1

7.8

100.0

6

7

11

12

22

18

8

84

Per cent

7.2

8.3

13.1

U.3
26.2

21.i

9.5

100.0
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Record of Families

Table 14 shows both the actual number of persons in the families in-

vestigated, and the number expressed as adult equivalent units.^ Both

in the average number of children at home and the number of children

dependent on the head, Lowell shows a higher figure. This is due partly

to the differences in the distribution of ages of operators and their child-

ren, and partly to the fact that in Taunton area the children of Portu-

guese operators were found at work at an earlier age than those of other

operators.

T.\Bi.E 14.

—

Record of families.

Lowell Area

Adult equivalentNumber Number of persons

of

families Total Average Total Average

Total numter living in house 115 688

Number dependent on head 115 631

Children at home 105 440

Children dependent on head 104 396

Dependents outside immediate family. . . 9 12

Children working outside and other

independents 37 57

Taunton Area

Total number living in house 84

Number dependent on head 84

Children at home 75

Children depe dent on head 68

Dependents outside immediate family, . . 6

Children working outside and other

independents 41 80

6.0
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Table 15.

—

Occupation of part-time farsiers.

Lowell area Taunton area

Occupation

Number Per cent Number Per cent

Farm laborers 1 .9 8 9.5

Industrial laborers 89 774 62 73.8

General laborers.. 19 16.5
. 5 6.0

Artisans 6 5.2 9 10.7

Total 115 100.0 84 100.0

regular farmers before they became part-time farmers.' The rest were

engaged in one or more of the following types of labor: Industrial labor,

general labor, farm labor, and artisan trades.

Table 16 shows the number of operators engaged in each type of labor

mentioned, and the average number of years spent by them in tTiat

employment. The figures indicate that industrial employment had been

the most important type of occupational experience for the operators pfTor

to their entering part-time farming. Outside of independent farming,

artisan trades in Lowell area and general labor in Taunton area had given

employment to the smallest number of operators in the same period of

time.

Table 16.

—

Lexgth of time spext by operators ix differext occupations

BEFORE becoming PART-TIME FARMERS.
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Table 17.—Number of farm and city-bred operators and wives.

Lowell area Taunton area

22
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their earninp;s or cut down living expenses. In their association with

part-time farming these factors often cannot be separated one fron\ the

other.

The consideration of improving health and housing conditions came

next in importance, particularly to the operators with large families.

Although the cost of housing in part-time farming was not always lower,

they found in the country more room space, fresh air, more light, and

better playgrounds for the children, who were freed from the dangers

of congested city traffic. Operators who settled on the land in order to

improve their own health or that of some member of the family, as a rule

became accustomed and attached to country life and work so that they

remained in part-time farming after the immediate cause of the change

of residence was removed.

Unemployment was an immediate cause of entering part-time farmina:

for a few operators in both areas. The use of part-time farming in times

of unemployment is, however, of some significance to all engaged in it, and

many operators with large families would have found themselves help-

less without this additional income.

Some became part-time farmers in order to develop a small enterprise

which would supply at least a part of their living when they could no

longer find employment on account of old age. Although only a few in

each area mentioned this reason as responsible for their decision to settle

on the land, its significance, like that of the unemployment factor, seemed

to be felt by a good many part-time farmers.

In some cases tlie operators could not assign a definite reason for mov-

ing into the country and settling on the land, except for the general

statement that they preferred country to city life.

Size of Landholdings

The average size of landholdings for all part-time farming enter-

prises is shown in Table 19. As compared with rented enterprises, the

average size of owned enterprises was slightly larger in the Taunton area,

and smaller in the Lowell area.

Table 19.

—

Size of owned and rented landholdings in part-time farming

enterprises.

Landholdings

Number Per cent

Average

size

Taunton area

."Average

Per cent size

Owr.ed

Rented. . . .

Total

110
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'1'abLE 20. DlSTRIBUTlOX OF SIZES OF LANDHOLDINGS.

Acres
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Table 21.—Average price paih for property by operator owners.

Property purchased

Lowell area

Average

Number Per cent price

Taunton area

Average

Number Per cent price

Land with buildings 69

Land only 37

Total 106*

65.1 $2,546

319 529

700.0 1.842

47 70.1 $.3,140

20 S9.9 518

67* 100.0 2,357

*Does not include those who were previously engaged in regular farming on the same holdings.

Table 22.

—

Ter.^ms of acquisition of property equipped with buildings.

Lowell Area

Terms of purchase
Average Mort'ge Per cent

Number price debt of price

Taunton Area

Average Mort'ge Per cent

Number price debt of price

Cash 4

One mortgage 55

Two or more
mortgages 10

$1,050

2,654 $1.1.34 -JIO

3,380 2,.590 7G.G

7 $1,703

28 3,107 $1,640 5.3.0

12 4,058 2.9S3 7-5.5

Crop Acreage

As shown in Table 2.3 about one-fifth of the total acreage was in crops,

exclusive of hay. This was about one half of the total improved acreage

in part-time farming, the other half being in hay and pasture. The

crops grown were almo.st exclusively vegetables and small fruits.

There were a few part-time farming enterprises which specialized in the

cultivation of fruit trees. The average number of acres in crops was 1..3

in Lowell area and 1.8 in Taunton, but more than half of the enterprises

had less than one acre each. (Tabic 24.) Only two of the operators in

Lowell area had more than 5 acres in crops; but in Taunton area, where a

number of operators raised vegetables on a commercial basis, ten of the

enterprises had more than 5 acres in crops.

Table 23.

—

Land utilization in part-time farming enterprises.

Lowell area

Per cent Average

of total per

area enterprise

Taunton area

Per cent Average

of total per

Acres area enterprise

Improved land

Crop land exclusive of hay

Unimproved land

274
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Chart 8. Distribution of Values of Owned Part-Time Farming £nterpris«s in Lowell
and Taunton Areas.
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Table 2k

—

Distributiox of crop lastd ix part-time FAR:\riXG exterprises.

(Exclusive of Hay)

Lowell area

Below 0.5.

0.5— .9.

1.0— 2.9.

3.0— 4.9.

5.0— 9.9.

10.0—14.9.

15 or over.

Total.

"Sumhcr

20

44

45

4

1

1

115

Per cent

174
38.2

39.1

3.5

9

0.0

.9

100.0

Taunton area

Xumbe

17

32

18

7

8

2

84

Per cent

20.2

38.1

21.i

S.i

9.0

2. J,

0.0

100.0

Improved Acreage in Part-Time Farming

It has been the practice of a good many part-time farmer.s to settle

on unimproved land covered by brush and stones, and then by clearing

it in their spare time, to bring the land into productive use. By following
this practice the operators have been able to acnuire their land at a low
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price and obtain the l^enefit of the enhanced value of their holdings re-

sulting from the improvements. Because of tliis tendency, however, the

percentage of improved land in part-time farming proved to l^e lower

than in regular farming.

From Chart 9, where the proportion of improved land in farming as

given by the L^nited States Census is compared with that in part-time

farming, it will be seen that the latter had a smaller percentage of im-

proved acreage both in tlie town of Holden and in Lowell area. Only in

Taunton area did it even slightly exceed the percentage of improved land

in regular farming. This was largely due to the presence in that area of

Portuguese operators, who were foimd to be the most active in improving

their land.

Chart 9. Percentage of Improved Land in Fanning as Given by the United States

Census, compared with the Percentage in Part-Time Farming in Lowell and Taunton

Areas and the Town of Holden.

HOLDEN

LOWELL

TAUNTON

PERCE.WTASE.
49 6 100

FARMING PART-TIME FARMING ^

Types of Part-Time Farming

Although most of the part-time farmers raised vegetables and kept some

live stock to satisfy the immediate needs of their families for agricultural

products, when it came to producing a surplus for sale they specialized in

the type of farming best adapted to the local physical and marketng

conditions as regular farmers ordinarily do. Prom Table 2.5 it will be seen

that during the year under consideration the value of output in live

stock and live-stock products in Lowell area was two-thirds of the value

of total output, while in Taunton area the return from the same source

was only half the value of the total output.

The condition of soil and general character of farming in Taunton area
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led to specialization by part-time fanners in the raisinjr of vegetables and

strawberries. As these enterprises are based on seasonal labor, there

was a larger number of seasonal part-time farmers in Taunton area than

in Lowell area.

Table 2-5.

—

Value of agricultl-ral output of part-time farjiers.

Lowell Area

Value

of

output

Per cent

of total

value

Number of

ofjerators

reporting

Average

per

operator

Live-stock products $.36,235

Crops 17,180

Total 53,415

Taunton Area

Live-stock products 527,644

Crops 28,16.5

Total 55,809

67.S

S2.2

luO.O

110

115

115

$.329

149

464

J,9.5
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Table 26.

—

Livk stock ix part-time farming enterprises.
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Table 28 it will be seen that, altiiough the average value of crops pro-

duced in Lowell area by American-born was below that for other operators,

in Taunton area it occupied first place.

Table 28.

—

Average value of crops by nationality of operators.

Nationality
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Table 30.

—

Value of home-groavx products consltmed.

Lowell Area

Per cent Average

Value of value for all

consumed produced families

Taunton Area

Per cent Average
Value of value for all

consumed produced families

Live-stock products $20,008

Crops 14,000

Total 34,068

55. .',
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Table 33.

—

Distribution' of part-time farming enterprises by value of

products sold.

Value of

products sold

Under $50...

$50— 74...

75— 99...

100— 199...

200— 299...

300— 499...

500 o' over. .

Total . .

.

Number

12

11

6

16

10

14

8

77

Per cent

15.6

n.o
7.S

30.7

IS.O

18.2

10.

k

100.0

Taunton
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Table 35.

—

Distribution of part-time farming enterprises by farm income.

Lowell Area Taunton Area

Farm income Number Per cent Number Per cent

Under $100 5 lt.3 '4 U
sSlOO— 199 4.3 374 23 274
200—299 23 20.0 10 11.9

300— .399 22 19.1 13 15 5

400— 499 11 9.6 S 9.5

500or over.. . . 11 9.6 26 31.0

Total 115 100.0 84 100.0

been somebody at boine to take care of tbeni in tlie absence of the head

of the family.

On the basis of information obtained in the investigation, an estimate

was made of the total time spent in farming operations, and the pro-

portion contributed by each member of the family.' (Table 36.) The

contribution of working time I)y children was less in Lowell area than

in Taunton area, due partly to the fact tiiat in seasonal part-time farming

enterprises, which were more prevalent in the latter area, the work of

school children could be utilized more fully in the summer time. In

Lowell area, with the enterprises specialized in keeping poultry and live

stock, and demanding a more or less uniform amount of working time

throughout the year, the wives contributed a larger percentage of the

total labor. Barring a few exceptional cases, tlie work in part-time farm-

ing enterprises was not burdensome to the wives and children, and was

generally performed by them witii considerable interest and willingness.

Tahle 36.—NI^•MBER of iiouks devoted to part-ti.-me fakming by ^ie.-mbers of

THE family- -A\ERAGE I'KR ENTERPRISE.

Operators

Wives

Children 16 years old and over.

Children under 16

Others

Total

*Expressetl in adult (•qui\-ak'nt iniit;

Lowell
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Table 37.- AVERAGE IKCOME AND RETURN PER HOUR OF LABO« SPENT IN PABT-

TIME FARMriNG.

Lowell aroa Taunton area

Average farm income SH09 $454

Average number of hours spent 1,340 1,605

Return per hour $0.23 $0.28

berries, which under favorable weather and marketing conditions brought

good returns. There were indications, however, that increased competi-

tion from other areas was bringing down prices on special types of

vegetables, and many operators were inclined to curtail their vegetable pro-

duction. By marketing their products in larger quantities the seasonal part-

time farmers were able to send them to central markets and obtain higher

prices. The average return per hour of labor in Taunton area was 31

cents for seasonal part-time farming as compared with 26 cents for regu-

lar part-time farming enterprises. (Table 38.)

Table 38.

—

Comparison of regular and seasonal part-time farming enter-

prises IN TAUNTON AREA.

Regular

Number of enterprises 60

Size of landholdings acres 5.03

Crop land, exclusive of hay. ..ncres .82

Improved land aires 1.82

Agricultural output:

Crops S1.58

Live-stock products S201

Total farm output S424

Total farm e.xpenses S143

F"arm income S281

Hours of labor 1,102

Return per hour SO.26

Operator's non-farm labor income $1,206

Income from other sources $279

Value of land and buildings $3,348

\'alue of house $2,464

Housing costs $329

Seasonal

24

18.99

4.15

8.22

$778
$495'

$1,334

$447

$887

2,862

$0.31

$765

$334

$4,2.50

82,560

8319

Most operators were inclined to jnit a certain premium on the work
]5erformcd in their own enterprises, and when the remuneration in out-

side employment was not much in excess of m hat they could earn by
working on the land, they preferred to do the latter. They claimed that

by working at home they enjoyed a certain independence in planning their

own work and freedom from outside compulsion and supervision. This

IS one of the reasons why the return from agricultural activities of part-

time farmers will probably always be somewhat lower than wages paid
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by industry. In addition, the work in part-time farming: enterprises

brings a return for the time spent by women and children, wlio ordin-

arily are not engaged in any other remunerative employment.

Length of Time Employed and Wages of Operators

Due to the general depression in the textile industries, the condition

of employment in the areas covered by this investigation was not very

satisfactory, and affected especially the operators in Lowell area. There

were some operators who, while working throughout the year, were occu-

pied only three or four days a week. Of those who were employed on a

full-time basis, the majority worked five and one-half days a week. The

average number of working days per week for all operators is shown

in Table 39.

Table 39.

—

Lexgtii of time E^n-LOYED axd wages of operators.

Average hours per day

Average hours per week

Average days per week

Average weeks employed

Average wages per week

Average wages per year $1,216

Owing to the presence in Taunton area of a consideral)le number of

seasonal part-time farmers, the average number of weeks of employment

during the year was slightly lower than in Lowell area. On tlie whole,

however, the condition of emjiloymeiit was better in Taunton area; and

when only regular operators are taken into consideration, the average

number of working weeks was higher than in Lowell area.

Table 40.

—

Distribution of weekly and yearly wages.

Lowell area Taunton area

Lowell area
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Since the seasonal part-time farmers did not have to depend so much
upon their outside employment, and were employed largely during the

winter months when their farming operations were completed, they were
willing and often had to accept lower wages and work longer hours.

Mainly for this reason, the weekly wages of operators in Taunton area

were slightly lower than in Lowell area, in spite of the fact that the

average number of working hours per week was higher.

The majority of operators in both areas, as seen in Table 40, were
paid between $20 and $29 per week. The average yearly wages for all

operators were $1,216 in Lowell area and $1,0S0 in Taunton area; but

for seasonal part-time farmers in the latter area, the average was only

$765.

Annual Income of Operators as Derived from Each Source

In addition to the two main sources, outside employment and farming,

tiie operators engaged in part-time farming in the areas covered by the

investigation received some of their income from roomers and boarders

and from the earnings of their wives.

As shown in Chart 10, the average yearly income received by part-time

farmers from all sources was $1,696 in Lowell area and $1,827 in Taunton
area. The most important item in both areas was the outside earnings

of operators, which made up 72.0 per cent of the total annual income in

the first area and .59.6 per cent in the second.

Chart 10. Percentage of Annual Income in Part-Time Farming Obtained from Each
Source in Lowell and Taunton Areas.

^^.696 $i,Sa7

LOW e: L L TAUNT ON

The receipts from roomers and boarders came both from outsiders who
lived in the house the whole year around or only during the summer
months, and from grown-up children who had independent employment
and contributed part of their income as payment for room and board.
There were 47 such children in Lowell area and 59 in Taunton area.
The receipts from the earnings of wives formed the least important

part in the budgets of part-time farming enterprises taken as a whole.
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The wives' earnings came mainly from miscellaneous work like taking in

washing, sewing, and occasionally doing some housework for the neigh-

bors. There were, however, several wives in both areas wlio worked in

industrial plants during some part of the year.

Marketing Methods and Problems in Part-Time Farming

Although production for sale was as a general rule of j^rimary considera-

tion only in seasonal part-time farming enterprises, a considerable amount

of products was sold also by regular part-time farmers. The percentage

of operators selling some of their products was 67 in Lowell area and

77.4 in Taunton area, and the value of products sold amounted to 36.2

per cent and .54.3 per cent, respectively, of the value of the total output of

part-time farming enterprises. Judging from the fact that in the town

of Holden over one-third of the total value of agricultural products sold

by local producers came from part-time farming enterprises, the latter

may be in some cases an important source of food supply for the market.

Table 4L—Pui>cipal methods of marketixg agricultural products by

part-time farmers.

Lowell area Taur.ton area

Place of sale*

\umber Per cent Nutnber Per cent

Neighbors 36 1,6.8 22 33.8

Stores 33 J,2.9 24 36.9

Dealers and buyers 6 7.8 16 SJf.6

Places of employment S 10.4- 5 7.7

Peddling, stands and other 11 H.S 5 7.7

*Some operators sold their products through two or more different channels.

Table 41 shows the markets through which the products of part-time

farming were sold. "The neighbors", including other part-time farmers,

offered the nearest market and the one used most frequently by operators

in Lowell area, with stores a close second. In Taunton area these two

market outlets were not used so extensively as in Lowell area; but more

operators sold through city dealers or buyers, in tb** former area than

in the latter. Other methods of marketing were employed bj' a few in

both areas, but were of less importance.

Inasmuch as the products are sold largely on the local markets, they

enter into direct competition with products su])])licd by regular farmers.

The main difficulty in meeting the competition of part-time farming enter-

prises lies in the extreme irregularity of production. During a time of

industrial depression with attendant slackening in emi)loyment, most of

the operators begin rapidly to expand their iiroduction. and as a result

the local markets become oversupplicd with agricultural products. This

tends to depress local i)rices, thus causing losses to regular farmers.

Credit Facilities and Part-Time Farming

Judging by the amount of mortgage credit used by the operators, the

availability of good credit facilities is of considerable importance in the
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development of part-time farming. Tlie majorits of operators, esi)ecially

unskilled industrial laborers, have little chance of becoming- owners of

small landholdings unless they can obtain liberal credit. As shown in

Table 46 (page 144), the total mortgage debt assumed by part-time farmers

at the time of purchase of their property amounted to more than half of

its total value. Since many operators purchased their property in an

unimproved condition, they needed additional credit for effecting the

necessary improvements. As a result the total mortgage indebtedness in

part-time farming showed an increase in spite of the fact that many
operators were paying oft' their original mortgages.

Mortgage credit was supplied to operators both by private individuals

and by credit institutions. The Federal Land Bank provided credit in

the case of only one operator. The limited utilization of this source of

credit is based largely on the fact tJiat in part-time farming enterprises

the value of land constitutes only a small proportion of the total value

of the property, while the Federal Land Bank loans money principally

on productive farm land. Of all sources of mortgage credit to part-

time farmers, the most helpful proved to be the cooperative banks which

provided loans often up to 7.5 and SO per cent of the valuation of the

property. The repayment of mortgage debt on a monthly installment

basis is another feature of cooperative bank credit which fits very well

into the financial conditions of wage earners. Long-time credit on the

installment plan has been provided also by real estate subdivision com-
panies, but this source of credit proved to be very expensive to the opera-

tors.

Part-Time Farming as Affected by Farming Operations and Conditions

of Industrial Employment

On the basis of available time, operators who are regularly engaged

in industries can develop successfully only those types of farming which

have little seasonal variation in their demand for labor. The most con-

venient type of farming for them is found, therefore, in small poultry

and dairy enterprises. There is no season when they can leave these

enterprises without some attention, but neither are there considerable

periods demanding their entire time. AVith a given amount of family labor,

the amount of farming which they can develop in these enterprises is

determined largely by the working hours prevailing in the industries in

which they are engaged.

In this regard the general downward trend in the number of working
hours in industry is a favorable factor in encouraging the development

of part-time farming. According to the recent investigation of the Na-
tional Industrial Conference Board, the average number of working
hours for wage earners in 25 representative industries declined from
51.5 in 1914 to 47.8 in 1927.* In Lowell area where almost all operators

were regular part-time farmers, the average length of tiie working week
was only 44.8 hours. This low figure was partly due, however, to slack

employment, with some operators working only three or four days a week.

The length of working day for the majority of the regular part-time farmers

in both areas was between eight and nine hours.

* Wages in the United States, 1914-1927. National Industrial Conference Board,

New York. 1928.
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Of almost equal importance is the time at which the operator is re-

leased from his work and is able to reach his home in the evening. He
must have at his disposal some time before dark to carry on his farming

operations. The introduction of daylight saving time in the State, al-

though resented by the farming population, is a real boon to those engaged

in part-time farming.

Those engaged in seasonal part-time farming are less dependent upon

the length of the working day in extending their farming operations. These

operations, consisting largely of the raising of vegetables and other crops,

require all his working time through a part of the year, ordinarily five

or six months, and leave him almost entirely free for the rest of the year

unless he also keeps some live stock. His main problem is to find em-

ployment at the end of the farming season. A large industrial plant in

the town of Dighton in Taimton area has provided for hiring a number

of additional laborers during the winter months, thus giving employment to

seasonal operators. Where no such arrangement exists, the seasonal part-

time farmer, except in periods of great industrial activity, has considerable

difficulty in securing temporary employment. In industrial centers like

Lowell and Fall River, the manufacturing plants make no provision for

utilizing the labor of seasonal operators, but depend upon a regular supplj^

of labor. It seems, therefore, that in order to acquire greater significance

seasonal part-time farming must be accompanied by a general tendency of

industrial establishments to move into rural communities with a definite

policy of utilizing available seasonal farm labor. The indications are that

a number of factors like distribution of cheap power and good means o?

transportation will make for a greater decentralization of industries in

the near future.*

The Effect of Part-Time Farming on the Bargaining Power and

Employment of Operators

Although the possession of a small farming enterprise gives the indus-

trial laborer a certain economic securit.y, it may place him at a disadvan-

tage by limiting his bargaining power or opportunity to find employment.

For the regular part-time farmer this condition, however, is found only in

the case of general business depression in the entire district in which he

lives. Before the advent of the automobile and the general improvement

in transportation, those engaged in part-time farming had to depend for

their outside employment mo.stly upon the nearby village mill or some
other job in the neighborhood. With better means of transportation at

their disposal they can now travel greater distances to the place of work.

Most of the operators in the investigated areas were employed outside of

their own communities, many of them at points more than five miles from

the place of their residence. Those who work in city industries ordinarily

obtain the same conditions of employment as city laborers, and the fact that

tiiey are engaged in part-time farming has no effect on their bargaining

power or the permanency of their employment. In small village plants, how-

ever, a tendency has been observed to pay lower wages to the operators

who live in the community and are dependent upon local employment.

Likewise part-time farmers who live in factory houses receive somewhat

'> Bradford, E. S. The influence of cheap power on factory location and on farming.

Ann. Anier. Acad. Polit. and Social Sci. 1925.
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lower wages, but this is compensated by the lower rent they pny for the

use of the company houses and land.

The operator engaged in seasonal ]iart-tiiiie farming is more limited

in the oi)portunities for outside employment. His bargaining power is

diminished by the fact that he lias to look for a temporary job, and in

order to obtain it he must often make some concession in his wages. In

fact, in the plants where i)otli tyjies of operators were emjiloyed, the wages

of seasonal part-time farmers were from 10 to 20 per cent lower than

those paid to the operators working the whole year round.

Housing Conditions and Costs in Part-Time Farming Enterprises

Tiie types of houses and housing conditions vary widely in ]iart-time

farming and depend in general upon the time of settlement and original

sources from which the operators obtained their landholdings. As already

mentioned, some of them settled on homesteads which were jireviously

o]ierated as regidar farms. The buildings on these holdings are as a rule

old and dllajiidated, and often came into possession of ]iart-time farmers

after they had housed several generations of farm families. In contrast

with this, those who liuilt their own houses li\ed in newer and more
attractive quarters, although less sjiacious than the old farndiouses. Many
old houses were remodeled and considerably improved in appearance after

the operators moved into them. Ordinarily tl)e work of building a new
house or remodeling an old one was done liy the o]ierator himself, with

occasional outside labor for the tasks where special skill was needed.

Most of the construction work as well as general improvements on their

landholdings was carried out gradually in s]iare time and as the funds for

materials became available.

The average value of all houses was $2,074 in Lowell area and .i^2,.5.'59

in Taunton area. Almost two-thirds of all houses in botli areas came
within the range of values between .fl,000 and $.3,000. There were only

two houses in each area valued at .$.'5,000 or over. (Table 42.)

Table 42.

—

Value of houses.

Lowell area Taunton area

\ alue of -

houses
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of persons liTing in them, the operators, by moving into country houses,

found more spacious quarters. There was on the average a room for

each person in Lowell area, and in Taunton area an average family of -5.-5

persons lived in 7 rooms.

In spite of the fact that the average rent paid for rented houses in

part-time farming enterprises was lower than the costs involved in ownin?
a house, the operators as a general rule preferred to have their own
houses. Most of the rented houses belonged to the manufacturing com-
panies and were generally in good condition and given to the employees

at a low rental charge. The companies ordinarily provided facilities for

the employees to have small vegetable gardens and keep small flocks of

poultry.

Table +3.

—

A\'i:e_\ge axxual cost of the HorsE.

Lowell -Vrea

Tcta:

cost o;

Houses Persons Rooms Interest Upkeep rent Light Heat
Grand
Total

Rented
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Table 44.

—

Means of conveyance to school.
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and other afiricultiiral products in liberal quantities, part-time farmers

and their families enjoyed a more wholesome and better balanced diet

than the averaa:e city wasre earner has or can aflt'ord to have.

The participation of children in farminc; operations and their interest

in the work they were doing united tlie family more closely and main-

tained harmony between children and jiarents, which is often lacking

among the families of city laborers. The wives seemed to he esi)ecially

satisfied with the fact that their husbands were spending their .spare time

around the house.

Tiie difference in economic conditions and morale of part-time farmers

and city laborers is especially prominent at the time of imemployment.

In addition to giving a certain return for the labor, the work in part-time

farming enterprises saves the operator from the demoralization and gen-

eral discouragement that presses so heavily on the industrial laborer who
is left witlunit work. While a city laborer is forced to waste his time in

idleness, the i)art-time farmer can jnit his labor to ]iroductive use.

Many an operator, at the time of unemployment, has brought his land

into better condition by clearing it of stones and brush, made additions

to his house, or otherwise improved his property.

Part-Time Farming as a Means of Saving

Ownership in jiart-time farming enterprises jiroved to l)e an important

factor in developing habits of thrift and in increasing savings. Table

46 shows that the eipiity in property owned by operators in Lowell area

increased from .$86,;383 at the time of purchase to >p207,060, an increase

of $120,677; and in Taunton area from .'f7.5,.560 to $165,200, an increase of

$89,64.0. The average increase in ecpiity per ojierator owner was $1,138

in the fir.st area and $1,338 in the second. It should not be assumed,

however, that all these savings were eff'ected during the period the opera-

tors owned their enterprises. Some of the increase in equity came from

the savings of operators prior to their settlement on the land, and some
came from the general increase in land values in the community; but most

of it was due to the efforts of operators since going into part-time farming.

Through the improvements gradually effected on their land and build-

ings, they succeeded in increasing tlie value of their property far in

excess of additional mortgage indebtedness contracted for that ]iuriiose.

Table 46.

—

Moutoage indebtedness and equity of operators in part-time

FARSriNo enterprises.*

Lowell area Taunton area

Cost of property purchased §195,263 $157,960

Mortgage indebtedness at purchase 108,880 82,400

Equity in property 86,383 75,560

Present value of property 335,840 249,800

Present mortgage indebtedness 128,780 84.600

Present equity in property 207,060 165,200

Increase in equity 120,677 89,640

Average increase per operator 1,138 1,338

*Not counting tliose who were previously engaged in independent fanning on the ?ame holdings
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Effects of Part-Time Farming on Community Life and Institutions

Since most pcart-tinie farmers in tlie areas covered by the present in-

vestigation worked outside of tlieir communities, their interest in the

local life and institutions was less pronounced than that of the rejiular

farniinc; population which lived and worked within the same commimity.

Coming originally from the city and continuing often to work in its

industries, the part-time farmer in many instances had his interest divid-

ed between the community he lived in and tlie place where he worked.

As newcomers in tiieir places of settlement, part-time farmers frequently

had not yet had sufficient time to establish their roots firmly in the new

]^\nce of residence and to identify themselves with local institutions. In

addition, the majority of them in the areas investigated were foreign-

born, in some sections having displaced the native agricultural popu-

lation. In many submarginal areas, however, the land had been aban-

doned by the native farmers without any pressure on the part of the

foreign-born operators, who came in later and began the cultivation of idle

acres. This has been true in the case of most foreign-born part-time

farmers in Lowell and Taunton areas.

From the standpoint of the rural communities which have witnessed

a decline of their farming population, and a falling off in taxable prop-

erty, the spread of part-time farming has been a desirable development.

Although most of tlie part-time farmers could not participate actively

in local institutions, they helped to maintnin them through supplying

increased sources for local taxation.'"

While there was as yet only a .slight partici]intion of part-time farmers,

especially foreign-born, in community affairs, this was not true of their

children. By attending local schools they rapidly acquired an interest

in local life and school activities and became an important factor in

directing the interest of their parents to the affairs of the community.

The leadersliip for community life is sujijilied by the old residents of

luvtive stock. They take great pride in their communities and are will-

ing to contribute their time and efforts toward improving local social

conditions.

Immediate Prospects in the Development of Part-Time Farming

As already pointed out, the movement into part-time farming within

the areas investigated has been especially prominent within the last decade

or so. Many factors have been responsible for the decision of a large

number of people engaged in various occupations to settle on the land

and obtain from it part of their living. To the factors already mentioned

should be added the rising cost of food distribution. Published statis-

tics show that within recent years the percentage increase in cost of food

distribution in tlie United States has been greater than the increase in

cost of living. Many wage earners have found it profitable to satisfy

their food requirements from their own farming enterprises to a consider-

able extent, thus eliminating the rapidly increasing cost of distribu-

tion. Nearness to consuming centers gives operators in Massachusetts

^^ For a special investigation on the effect of the settlement of industrial laborers on

a rural community, see "Effects of Industrial Development on Rural Life in Sullivan

County, Tennessee." University of Tennessee Record. May, 1928.
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the added advantage of selling their surplus products directly to consumers,

thus performing the functions of both prodticer and distributor.

With the present tendency to reduce further the working hours in

business and industry, and with tiie improvement in transportation facil-

ities, the prospects are that part-time farming will continue to increase

in many sections of the countr\. The most important factor in fostering

its development will be found in t'.ie decentralization of industries.

When the industrial plants are brought from the large cities into small

towns and villages, a larger number of people will find it possible to com-

bine farming with industrial employment.

CONCLUSIONS

1. Due to the presence of a large number of part-time farming enter-

prises, the importance of agriculture in Massachusetts is much greater

both in total output and in land area than is indicated by the Federal

Census figures.

2. There are at least 60,000 farming enterprises in Massachusetts on a

part-time basis.

3. Of the total number of farms in Massachusetts listed by the Fed-

eral Census, about .50 per cent are carried on on a part-time basis.

4. Part-time farming tends to develop either on land submarginal for

regular agriculture or on sites important for residential purposes.

5. Developing largely on submarginal land, part-time farming does

not enter into active comi^etition with regular agriculture for the use of

land.

6. At least one-third of the agricultural output in the State comes from

part-time farming enterprises.

7. In communities with decadent agriculture, part-time farming helps

to maintain local institutions through increasing tax receipts.

8. The development of part-time farming goes hand in luind with

better transportation facilities, shorter working hours in industry, and

location of industrial plants in small towns and rural communities.

9. Part-time farming secures a certain economic stability for the wage
earner and provides better food and liousing conditions for his family.

10. The indications are that within the next ten or twenty years jnirt-

time farming will show further development in the State.

11. In view of the important jjlace occupied by part-time farming in

Massachusetts, any agricultural program ])lanned for the State slu)uld

give increased consideration to the problems arising therefrom.

Publication of this document approved by the Commission on Administration and
Finance.

4.500-ll-'30. Ko. 513
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Hardy Woody Plants

By Frank A. Waugh and Charles H. Thompson

Hardy trees, shrubs, and vines are a very important feature of our

civilization. Country roadsides and village streets are planted with trees;

parks and playgrounds must have their trees and shrubs; but, most of all,

the home grounds are not considered quite respectable unless trees, shrubs,

and vines are used to soften and civilize the architecture and the topogra-

phy. Hardy woody plants have been under study for sixty-five years on

the grounds of the Massachusetts Agricultural College, and this bulletin

is intended to make some of the results of these studies available.

Requests for bulletins should be addressed to the

AGRICULTURAL EXPERIMENT STATION

AMHERST, MASS.



HARDY WOODY PLANTS
By Frank A. Waugh, Professor of Landscape Architecture and

Charles H. Thompson, Professor of Horticulture

History of Campus Plantations

The Massachusetts Agricultural College was cliartered by the Legislature

in 1863. The land whicli comprises the present central campus was bought in

1864 and turned over to college administration. Previous to this time the pres-

ent central campus had been cleared of trees for farming ])urposes. One or

two large chestnut trees wjiich were then standing were considered landmarks,

as is shown by the fact that the trustees voted to place the first important

building of the college "on the western ridge near the big chestnut tree."

There were, naturally, a certain number of trees, especially maj^le, oak and

chestnut, here and tliere as upon any farm, but no general or decorative i)lant-

ings such as are characteristic of the present camjius.

Judge Henry F. French, first president of the college, evidently felt tills

lack of trees, and with a view to its partial correction planted a triple row

of wliite pines along the eastern boundary (186.5). These trees are now in

their prime and may be seen in a splendid row running northward from Fish-

er Laboratory.

The earliest classes to graduate from the college believed it their duty to

plant trees for the improvement of the campus. The very first class (1871)

planted a row of elm trees about the circle near South College. Other classes

made their contributions until the planting of class trees became a tradition.

At first each class planted a considerable number of trees, often a long row.

Later the classes have been satisfied with a single tree. At the present time

these class plantings, many of which are identifiable by markers, cut a con-

siderable figure, for better or sometimes for worse, in the campus furnishings.

Early Developments

The entire development of the campus received a notable impetus when

Colonel William S. Clark became president in 1867. President Clark was an

organizer, an enthusiast, and an inveterate tree planter. Not only did he

supervise personally the planting of many trees on the campus, but he en-

couraged the students in this work, and also promoted the idea with his

young assistant, Sanmel T. Maynard of the class of 1872, who upon gradua-

tion became assistant in the department of botany and remained in actual

charge of the camjjus development until 1902.

A special word should be said for the work done during this time. Pro-

fessor Maynard also was a lover of trees and shrubs and kept up the jilanting

from year to year. His attention was given mainly to the establishment of

botanical si)cciincns .il coincniciit jiiaces, especially on tiie eastern campus,

near tlie Durfce Plant House. His plantings were all of single specimens,

nc\er in groups. A large number of our best trees and shrubs, now in tlieir

prime, were planted by him.

It may be remarked in passing that several eft'orts were made during the

early years of college development to secure a working j)lan of the campus.

The most notable attempt in this direction was that of 1866, when Frederick
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Law Olmsted, Sr., came to the college and gave important advice to the trus-

tees. The main articles of his reconuuendations are still extant in a published

report/ In the light of present knowledge it must be regarded as a mis-

fortune that the trustees did not see fit to follow the recommendations of

Mr. Olmsted. The development of a logical plan, however, has very little di-

rect relation to the continued j)lanting of trees and shrubs, and for the pur-

poses of our present consideration may he left out of account.

Japanese Plants

.'Vnother \ery important cluipter in tiie develo])ment of the groimds at

Massachusetts Agricultural College Is marked by Japanese influence. In 187()

President Clark went to Japan to organize the new Imperial Agricultural

College at Sapjioro. He remained there one year and was followed in this

position by William A. Wheeler, a graduate of the college in the class of 1871.

In 1877 William P. Brooks of the class of 1875 also went out to Sapporo as

professor of agriculture and remained for twelve years. For several years,

therefore, Massachusetts Agricultural College was represented by an active

colony in northern Japan. These men, deeply interested in the new agricul-

tural college in Amherst, ke])t sending back from time to time such Japanese

plants as they could safely ship. Naturally the connection with the college in

Sapporo continued for some time after the last Massachusetts man had re-

turned to this country.

Tills correspondence resulted in the early establishment upon the campus
of a considerable number of Japanese plants, especially hardy trees and

shrubs. A few of the fortunate plantings of that time are still subjects of

daily admiration. Notable examples are the pair of umbrella-pine trees

{Svi(ulopiti/s verticiUat(i) in the rhododendron garden; the splendid JajianejiC

elm {Ulmus japonica) back of the President's house; fine actinidias (both A.

argata and A. pohigama) on the porches at the President's house; and sever-

al good specimens of the Katsura-tree (i'ercidiphi/llum japonirum).

Recent Developments

In 1902 tiie general management of the camiius passed into the hands of

Professor Frank A. Waugh. In 190(i Kenyon L. Hutterfield became president

of the college and an era of building began. Along with the construction of

many new buildings came other developn.ents whicii necessitated some changes

in the grounds, and which opened the way for new plantings. As regards the

latter, the most important change was the development of foundation plant-

ings around most of the buildings and the introduction of shrubbery mass

plantings at eligible points on the campus, as about the college pond. These

developments naturally gave occasion for the introduction of many new spe-

cies and varieties of trees, shrubs, and \ ines.

About 1908 the first separate college course for the study of plant materials

was undertaken by Professor E. A. White. In 1915 Professor Charles H.

Thompson came to the college and made the study of plant materials his

principal interest.

If anyone will exercise his imagination to generalize the campus history,

here so briefly sketched, he will see that these events indicate a constantly

1 Frederick Law Olmsted, "A Few Things to be Thought of Before Proceeding to

Plan Buildings for the National Agricultural Colleges", New York, 1866.
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deepening interest in campus plantations. This interest has touched both the

pictorial development of the campus and the scientific study of the materials

themselves. There have been progressively better identifications, better label-

ing and better records.

The work was not originally planned as a piece of research, though the

experimental purpose was strong in many of the plantings. As time has gone

on, however, the results have assumed increasing scientific importance and

practical value, and it is now felt that the experience gained in the sixty-five

years of work and study on this campus begins to have some substantial val-

ue. The plant notes oifered in tlie following pages are based on the experi-

ence and records of these years, and it is hoped will be of some use to aU

others who are interested in hardy trees, shrubs, and vines for New Eng-

land, and especially to those most directly concerned, as nurserymen, land-

scape architects, and all persons in charge of the development of jjuhlic and

private grounds.

Edaphic Conditions

The subjoined notes on species and varieties may be better interpreted per-

haps with some knowledge at hand of soil and climatic factors.

The Massachusetts Agricultural College is located in the Connecticut Val-

ley in western Massachusetts. The elevation above sealevel is 200-300 feet.

For the most part the soil is a silty loam with a tendency toward coarser,

more gravelly portions. The subsoil is mainly gravel. The main campus lies

on the silted bed of an extinct lake—old Lake Hadley of postglacial times.

The shore of the lake traversed the campus toward one side so that while

most of the plantings here reported occupy the lake bottom, others fall

upon the old beach and a few stand above the ancient water line. Here the

beach was formed against the side of a drumlin, also of a homogeneous grav-

elly character. Both drumlin and lake bottom offer, in texture and drainage

qualities, exceptionally favorable conditions for tree growth. While not rich

in plant foods, the soils are by no means sterile. They are remarkably easy

of cultivation but inclined to suffer early from drought.

Climatic Factors

The more important climatic factors are herewith summarized from the

local observer's records- which cover forty years from 1889 to 1928.

Air Temperature formal Extremes

Highest 95.8 101, 1919

Lowest —12.1 —26.0, 1904

Mean 47.2

Precipitation

Precipitation, inches 43.4 57.05, 1897; 30.68, 1908

Snow, inches 48.38 78, 1920; 24.5, 1919

Frost

Last Frost May 12 Apr. 23, 1904; June 3, 1908

First Frost Sept. 19 Aug. 22, 1894; Oct. 13, 1909

* Gunness, Meteorological Observations, Mass. Agr. Expt. Sta. Meteorological Series.

Bui. 492. Dec. 1929.
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Low winter temperatures are to be specially noted, since a certain num-

ber of species (e.g. sweetjiiim and persimmon) find in these minimum tem-

peratures their limiting fact<xr. Other species which aj)proach their northern

limit in Amherst are flowering dogwood, beautybush (Callicarpa), Kentucky,

coffeetree, black walnut, box, sourwood, wisteria, redbud, Paulownia, sassa-

fras, yellow-wood, hollygrape, and filbert.

Summer drought also accounts for the failure of other species from year

to year. Some of those which most clearly suifer in this respect are the firs,

spruces generally, the hemlocks somewhat less, beech, yellow birch, ground-

selbush, Scotch broom, leatherw ood, and Stephanandra.

Notes on Species and Varieties

Abies- balsamea, Balsam Fir. This iine native tree is better suited to north-

ern latitudes and cold soils. It does ndt do especially well on the campus
nor on any similar open cultivated land. A few rather inferior specimens

have been maintained but have never reached any great age or large size.

An attempt to grow the balsam fir in hedge formation on light gravelly soil

has been something less than a half-hearted success.

Abies concolor. White Fhs. This species also prefers higher altitudes with

colder, heavier soil than are found here. Nevertheless during its early years

it makes an excellent growth and a very attractive symmetrical tree. If one

could be satisfied with this tree for twenty years and would then be willing

to dig it out and throw it away when it began to look moth-eaten, such treat-

ment might be entirely practicable. This tree is often compared with the

ordinary blue spruce to the disadvantage of the latter. Such a comparison,

however, would be valid only during the youth of the white fir, when the

young specimens are at their best.

Abies nordinunniana, Noudimaxn Fir. A fine, beautiful, dignified tree with

excellent foliage. Thrives well for about twenty years, but does not make a

permanently satisfactory tree in our soil and climate. During the years of

its juvenile enthusiasm it is one of the most beautiful evergreens on the

groimds.

Acnnfli(/ii(()ia.v peufapJit/Iluni. This fine and well-known shrub, belonging

to the Aralia family, has not been honored with a "common name." It

thrives, nevertheless, and is generally planted. It is stiff and somewhat

thorny, growth upright, foliage bright, glossy green with five-parted leaves

covering the plant from base to top. It can be used for massing and for

general landscape effects. It is to be especially recommended for hedges, as

it stands shearing and withstands intruders.

Acer campestre, Hedge Maple. Not quite hardy at Amherst but should be

very satisfactory in a somewhat milder cUmate. It could be used as a large

shrub or small tree, growing about twenty feet high, or it can be sheared

into very fine hedges.

Acer dasycarpum, Silver Maple. {A. saccharinum). A common hardy

tree, fast growing but subject to breakage as the wood is weak. In the Mid-

dle States, beyond the zone of the sugar maple, this species is largely used

for a street tree or for general planting in parks and home grounds. It is

of only secondary importance in this vicinity. The Wier .aiaple is a half-

weeping form with finely cut foliage. It makes a fairly good ornamental
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specimen, though it breaks down in winter storms. At its best it has a some-

what freakish, exotic look. At one time a large number of seedlings of this

Wier cutleaf maple were grown here and but a small percentage showed

good cutleaf cliaracters. The seedlings varied widely in all respects.

Acer (jinnala, Amur Maple. This ought to be a very hardy si)ecies, but

it has not proved so on the campus. If it were hardy and reliable it would

be a good small tree or large shrub and could be recommended for shearing

into hedges.

Acer japonicum, Fullmoox Maple. A few specimens of this .Japanese

maple have been growing on the grounds for forty years or more. Of nmch

the same habit of growth as Acer palmatum varieties and may be treated

like them in a planting.

Acer mit/abel, Miyabe Maple. A medium-sized tree, from Japan, attain-

ing to thirty-five feet. Branches abimdantly from a short trunk, producing

a large and rather open crown. Leaves much the same pattern as A. camp-

estre but larger and very dark green. Suitable for mass plantings in parks

or otiier large areas.

Acer negundo, Boxelder. Small hardy tree or large shrub of no special

value. May be used in masses where foliage of coarse texture is desired.

Good for low windbreaks.

Japanese Maple:

Acer palmatum (itroltneare Bloodveix Maple.

Acer jKihuitiuni d'atxectum Threadleaf Maple

Acer palmaturii oriiutum Spiderleaf Maple
Acer palmatum ruhrum Red Japaxese Maple

Acer palmatum sanguineum Scarlet Japanese Maple

Acer palmatum septemlohum Seveni.obe Maple

All these varieties of Japanese Maples have been tested. Most of tliem have

been growing on the college grounds for forty or fifty years. They are hardy

and quite satisfactory, making strong specimens usually ten to fifteen feet

tall and about the same diameter. Tlieir bright colors make them conspicu-

ous so that it would be possible to overemjiliasize them in naturalistic plant-

ing. For those who want sometliing sh(i\\y and out of the ordinary tiiese

maples would serve admirably.

Acer peiinsylvanicum, Striped Maple. A liardy nati\e species common in

cold, shady woods; suitable for highly naturalistic underplanting, but not

a\ailable as an "onian'.ental" in the accepted sense of the term.

.Irtr jilataiKiidcs, XoinvAv Maple. A gotd liardy ornan.ental tree, witli

stiff trunk and branches, thick, heavy dark foliage; good for street plant-

ing and for specimens, especially in crowded city conditions; a good shade

tree for park plantings.- An odd variety, tlie Crl^ipeu Norway Maplf (-•/.

platanoides cucullatum) has been growing on the grounds for forty years,

but has no value except as a curiosity.

Acer phttiuioidcn ruhrum. Buoadleaf Norway Maple. A red-leafed variety

of tiie foregoing, iwteresting only as a rare specimen.

Acer platanoides schwedleri, Schwedler Maple. A rather popular nursery

variety of the Norway maple notable for its very dark red foliage in early

spring, which turns a ricli dark color again in the fall. The best tree of this

sort, bvit too outsjioken for modest company.
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Acer pseudoplatanus, Sycamore Maple. A large coarse tree with large

coarse foliage; interesting as an occasional specimen, but of no other special

value; hardy and fast gro\\ing but frecjuently subject to a decay fungus caus-

ing large branches to break off, leaving a much deformed crown.

Acer ptieudopIdfcDius IcopoUU, Leopold Maple. A variety of the foregoing

with spotted, variegated leaves which are pinkish when opening. Of no par-

ticular \ alue.

Acer ruhrum. Red Maple. A common native species, abundant in swampy

land; the first maple to come into flower and foliage in spring and the first

one to show color in autumn when it turns a brilliant scarlet in the swamps

before any other siJecies. Good for free planting in wet ground and for mass-

ing in natural woods. An occasional specimen or two on home grounds,

especially on wet land, will not be out of place. One tree on the college

grounds is sixty feet tall and of fine character and proportions.

Acer sacchariun, Sugar Maple. One of the finest native trees; retjuires

neither praise^ nor description. Should receive more consideration by the

])lanting of gro\es as a future source of sugar.

Acer apicaturii, Mountain Maple. Small imdershrub, growing character-

istically under hardwoods on cold, mountain land; not suitable for lawn or

park planting except in its native ecological relations, but in those special

conditions luisurpassed. Somewhat resembles ]'il>urnu))i acerifolium, with

which it is often associated.

Acer niebohU, Siebold Maple. Small, rather shrubby Japanese species, in-

troduced with other Japanese species over forty years ago. Leaves have the

jiattern of A. japonlcum, but are snudler and form more densely foliaged

sprays. Crown is flatter and more spreading, the branches gracefully recurv-

ing. Will work in well wherever A. paJnxttum may be used.

Actiuklia (ir(/utti. Bower AcrixmiA. The actinidias were brougiit to the

college from Japan about 1876 by President W. S. Clark, Professor W'illiam

P. Brooks, and Mr. "William "NVheeler. A considerable number of seedlings

were grown and tested. Many of these fruited and from time to time the

fruits were tested in a culinary way. The fruit is about the size of a large

gooseberry, which it resembles in some respects except that it is smooth and

of a nuich finer fla\or. These fruits make excellent jams and jellies. The

vine is of greater value, however, as an ornamental climber. It is of very

rampant growth and will comjiletely o\ernm an ordinary porch unless severe-

ly cut back from time to time. This heading back is best accomplished dur-

ing the growing season in July or August. The vines are free from disease

or insect attack. They would probably be more popular except for the diflfi-

culty of j)ro])agation. The}' grow rather slowly from layers. Probably seed

])ropagation, when once understood and established, would be the most ex-

peditioiLs method.

Actinidla polifc/arna. Silvekvixe. A larger, coarser vine than ^l. nnjuta,

and less desirable for general culture. The vines here iLsually show some

variegated foliage. Plants are perfectly hardy. Young plants nnist be j)ro-

tected from depredation of cats. Cats have for these plants an even more
violent appetite than for the familiar catnip and devour all new growths

\vithin their reach.

Aesculus ylabra. Ohio Buckeye. One fine specimen of this species is
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found on the campus, making a dignified tree now probably fifty years old

and twenty-five feet high. Very picturesque and interesting. Some other

smaller examples are also found on the grounds.

Aesculus hipj)ocastanum, Horsechestnut. This European species is entire-

ly hardy and satisfactory in most resjjccts for a small-sized ornamental tree.

It is better adapted to crowded city conditions than to open park work and

has never been a favorite on the campus. The variety baumanni is represent-

ed by one good specimen. It lias flowers of brighter color—rather rosy red

—

than the type, and fully double.

Aesculus jyarvlflora, Bottlebrush Buckeye. A dwarf shrubby species

rather interesting and worth planting. Hardy and satisfactory.

Akebia quinata, Fiveleaf Akebia. An attractive vine with fine, interest-

ing foliage and pretty, though inconspicuous, flowers. It grows very slowly

and has never made much of a show on the campus, though it has made a

rampant growth in other parts of Amherst, as it does also on the Island of

Nantucket. It obviously requires some time to become established. Where

it thrives it is to be highly recommended as a climber for house porches,

lattice fences, and similar domestic requirements.

Abius incana, Speckled Alder. Hardy native shrub found abundantly in

swampy localities.

Amelanchier canadensis, Dowxy Siiadblow. Good, hardy native species

attractive for its very early white blossoms. Quite satisfactory for plant-

ing in the borders of wild woodland.

Amelanchier ohlongifolia, Thicket Shadblow. Another native species

similar to the foregoing and useful in the same way.

Amelanchier ovalis, Garden SiiADBLOw. A dwarf species also native and

quite showy in border plantings. More satisfactory for use as a shrub than

the preceding species.

Amorpha canescens, Leadplant. This little half-shrubby, half-herbaceous

plant from the western plains has very interesting gray pinnate foliage. The

flowers are dull purple and sometimes are rather pretty. The plants can be

grown in very dry sunny locations. It is interesting as a curiosity but prob-

ably will not be used in any large numbers.

Amorpha fruficosa, Ixdigobush. A tall, leggy shrub, fifteen to twenty

feet high, with pinnate foliage and abundant spikes of dark purple blossoms.

It has a marked tendency to sprout from the roots and to become weedy.

For planting in wild waste places it has some possible use. Hardy and not

altogether unattractive.

Ampelopsis heterophi/lla, Porcelain A.-mpelopsis. A strong, iiardy, climbing

vine not nearly so well known as it deserves to be. It is, in fact, one of the

best hardy climbers to be found. It somewhat resembles its congener the

ordinary woodbine; the foliage is somewhat more like that of the grape and

the berries are strikingly attractive in their many colors during ripening to

a final turquoise blue; easy of propagation from seeds, cuttings, or layers;

very satisfactory in all respects.

Ampelopsis quinquefolia, Virginia Creeper. This is the ordinary native

woodbine, and one of the most satisfactory and most reliable climbing vines,

widclv used on trellis and acainst masonrv walls. For tiie latter i)urpo.se
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varieties should be chosen having clinging disks. This species is especially at-

tractive for its fine autumn colors.

Ampelopsis tricuspidata, Japanese Creeper. Coninionly called Boston Ivy.

This is a very satisfactory climber, especially on brick, stone, or stucco vi'alls.

It thrives better on eastern and northern walls, though it can often be grown
with satisfaction on '.vestern or even southern exposures. It is rather slow

getting started but requires no particular care after once established.

Aralia spinosa, Devils-walkingstick. A big, coarse, rather showy plant,

perfectly hardy and fit for use where coarse textures or striking effects are

desirable. Produces abundance of small white flowers in large clusters and

especially attractive in fruit.

Aristolochia sipho, Dutchmans-pipe. This favorite old climber has been

growing on the campus since the beginning and is entirely hardy and satis-

factory. It is rather too heavy for ordinarj' porch use, but can be used on

lattice screens and other places where support is available. It is hardy, clean,

and free from insect or disease attack.

Aronia atropurpurea, Purple Chokeberry. A dwarf native shrub rather

interesting and attractive for jjlanting along woodland borders and in other

naturalistic compositions.

Aronia melanocarpa, Black Chokeberry. Another native species similar to

the foregoing and equally satisfactory for general planting.

Azalea nudiflora, Pinxterbloom. Sometimes also called Swamp Pink. A
beautiful native ericaceous plant suitable for the finer sorts of landscape

plantings. Good nursery-grown plants are always to be recommended above

native plants taken from the field.

Azalea rosea, Downy Pinxterbloom. Another of the native azaleas, pre-

ferring a somewhat drier situation than either nudiflora or viscosa. Its pink

flowers with their very pleasant odor make it a valuable addition to this group

of shrubs.

Azalea viscosa. Swamp Azalea. Somewhat similar to the foregoing and

entirely satisfactory for permanent planting; somewhat more adapted to

swampy, wet land.

Baccharis halimifolia, Groundselbush. This rather insignificant native sea-

side shrub has been occasionally used on the grounds but has no special merit

for local conditions.

Berberis thunbergi, Japanese Barberry. Extensively used on the college

campus for many years for hedges, foundation plantings, and for positions

requiring hardy shrubs to withstand rough use. The plant is so convenient

and so thoroughly adapted to a number of diverse uses that there is always

danger of vulgarizing it. Propagates readily from seed. Handles well under

the shears but looks better when left to its natural habit of growth.

The variety with variegated leaves {Berberis thunbergi variegata, some-

times called Silver Beauty- Barberry) has also been grown on the grounds

but has nothing nmch to recommend it.

Berberis vulgaris, European Barberry*. A hardy shrub widely disseminated

and to some extent naturalized throughout this region. Satisfactory for growth
in the shade, for large rough hedges, and for a variety of common practical

uses. Propagates readily from seed.
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The Pijiu'LK Bakbeury, a variety of tlie foregoing, differs from the type

only in tiie purple color of its foliage and darker flowers; of little value for

planting.

Betula ulhn peuJula, Euuofeax Weepixo Bntcn. Several fine specimens of

this popular cemetery tree formerly grew on the campus. Eike nearly all

other specimens of this kind they have been seriously depleted—almost com-
pletely annihilated—by the twig borer. At the j)resent time the growing of

this tree is so exceedingly difficult that it can be no longer recommended.

Betula alba pendula dalecarlica, Dalecaklia Birch. A cutleaf form of the

European weeping birch which has also become almost exterminated by the

twig borer.

Betula leitta. Sweet Busch. Sometimes called I5lack Bnicii. A good iiardy

native tree suitable for mass planting in woods but of no particular value on

lawns.
J

Betula lutea. Yellow Birch. A hardy native tree of the wild woods, most-

ly at home in high altitudes and cold northern situations, often in close mix-

ture with other hardwood and evergreen species. A striking and beautiful

tree but not adapted to lawn planting or other u.se outside its natural eco-

logical conditions.

Betula pofjulifolla. Gray Birch. A common weed throughout New Eng-

land, especially abundant in dry pastures and abandoned fields. This never

makes a large tree but the small clumps are often picturesque and interest-

ing. It is distinctlj' desirable for the development of certain naturalistic ef-

fects in park planting. It prefers an acid soil.

Bignonia radlcans, Trusipetcreeper. A strong-growing, vigorous, hardj',

coarse climbing vine, with striking yellow or orange blossoms, suitable for

growing over rustic trellises, outbuildings, or in other positions where a coarse

ranipant-grov\ing vine is desired.

Buddleia davidi, Orange-eye Butterflybush. A small shrub valuable in

milder climates but not quite hardy on the college campus.

Bu.vun sempervirens, Common- Box. Not safely hardy at Amherst, though

occasional specimens are found in the neighborhood where given special pro-

tection. Plants which from time to time have been set on the college grounds

have all disappeared, weakened by red spider and killed by hard winters.

Bu.cus sempervirens suffruticosa, Truedwarf Box. This variety is thought

to be hardier than the species. About two hundred plants were set as a gar-

den edging on the grounds five years ago from which not a plant has been

lost. They have been given ligiit winter protection, however.

('(dlirurpa purpurea, Chinese Beautyberry'. This shrub has been tested for

a number of years on the college campus and has proved to be not quite

iiardy. it kills back nearly every winter and sometimes severely. It is rather

an attractive shrub when growing well, the turquoise blue berries being espe-

cially interesting.

Calycanthun fertilis, Sjiootii Sweetshrub. A good coarse-leaved shrub suit-

able for border planting. The dark maroon-colored flowers are pleasing but

not consi)icuous. Flowers of this particular species lack the strong aromatic

fragrance of other species of the same genus.

Caraqana arburescens, Siberian Pea-tree. A tall shrub sometuiies reaching
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the proportions of a .small tree. Very hardy against cold and drought, but

not especially adapted to this soil and climate. It makes an admirable hedge

in some localities and will bear shearing well. It also makes fairly good

specirnens. On the whole it cannot be very highly recommended on the basis

of its performance on the ca.jius.

Castaiiea puinila. Cii iNurAriN. An attractive shrub of ojien growth some-

limes bearing \erv toothsome c(lil)Ie nuts. Suitable for plantings in \\ ild gar-

dens.

('(ifdljia lii(/iioni(/iiles. C'ccm.'mox Catalpa. A medium-si/.ed tree with coarse,

broad foliage and attractive flowers. The cataljjas are not entirely hardy on

the campus and for tiiis reason not wholly satisfactory. This species is less

symmetrical in form and less iiardy than ('. speciutia.

('((!((! ji<( .\'j)eri(>.\-a. Wkstkhn Catai.i'a. A medium-sized tree with large, coarse

foliage and large, quite siiowy flowers borne in abundance in midsummer. If

this were not inclined to look shal)by and threadbare, due to insufficient hardi-

ness, it would be an attractive lawn tree. It is worth keeping in a large col-

lection even w ith its disadvantages.

Ceanothun amerirnnutt, Jkrsey-tea. A hardy native shrub, small, with good

foliage and attractive creamy-white flowers. Suitable for moderately dry, ex-

posed situations and may be recommended for frequent planting in such

places. •

Celastrus orbiculatus, Oriental Bittersweet. This species has been exten-

sively used on the college campus and is thoroughly satisfactory. The habit

of growth is rather better than that of the native bittersweet. Fruits are

produced in greater abundance but are scattered and in small clusters, and

are less conspicuously decorative. This does fairly well on the shad}- side of

buildings and may be used in almost any circumstances where a climbing vine

is desired, such as on residence porches, etc.

Cela.strus .ir((iuleiis, Aimeiucax Bitteusw ki: t. This fine, Iiardy, nati\e climber

is one of the best in the whole list and should be gi\en j)rcference in many
locations, as house porches and domestic buildings generally. It will stand

considerable shade, is very hardy, and the fruits, produced in large clusters

at the ends of the season's growth, are highly ornamental.

Celtis occidentalis, livcKBERRY. One good large sj)ecimen of considerable

age—approximately fifty years—has represented this species on the campus

along with a few .smaller, younger j)lants. There is nothing striking or espe-

cially valuable about this western tree, although it may be grown as an inter-

esting curiosity.

Cephahiiitlui.t ()rrideiiitiH.s. Co.-\i.^iox Buttonbush. A hardy native shrub

growing in the borders of ponds and swamps. Rather a good shrub for gen-

eral planting in such sitiuitions. Retpiires no special care.

Cerridiphiillu))! japonk-um. KATsrisA-TisEE. This Japanese tree was early in-

troduced into Amherst and to the Agricultural College campus and a number

of excellent sjiecimens of approximately fifty years of age are under observa-

tion. The tree is shapely and attractive with beautiful clean foliage but usu-

ally begins to deteriorate after forty years of age. It is an attractive tree

for specimen planting on gromids of moderate size and would always be worth

including in a park collection.
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Cercis canadensis, American Redbitd. This species is hardy here and its

brilliant blossoms in early spring are accejatable. It does not thrive with the

same exuberance which one sees along the water courses of tlie Central States.

Cercis chinensis, Chinkse Redbud. This species has also been tried on the

college campus but has gone out. It appears not to be hardy.

Chamaecyparis obtusa, Hinoki Cypress. Trees of this genus considerably

resembling the American arborvitae, have been planted quite extensively on

the college camjjus. They seem to be entirely hardy and satisfactory. The

texture is somewhat finer than with the usual arborvitae and there are diflFer-

ences in color and habit of growth which are interesting. Tliey should always

be included in any collection of coniferous trees in this part of the country.

This 2^a,rticular species resembles the arborvitae more than some of the others.

Its foliage is a darker green and glossy and in more compact sprays.

Chamaecyparis pisifera, Sawara Retixospoua. A good, iiardy, interesting

species of this important genus.

Chamaecyparis pisifera filifera, Thread Retix.ospora. The odd and inter-

esting foliage of this variety makes it desirable in a collection.

Chamaecyparis pisifera plumosa, Plume Retixospora. This variety has a

bluish cast of foliage and a striking fine texture which make it more showy

than most of the other varieties, ^n this account it may be either more or

less desirable, according to the local requirements or one's point of view.

Chamaecyparis pisifera plumosa aurea, Goldexplume Retixospora. There

is always a demand for showy, bright-colored, golden-hued evergreens, and

this variety satisfies that desire measurably. It is also perfectly hardy and

satisfactory otherwise.

Chamaecyparis pisifera squarrosa, Moss Retixospora. This variety has sil-

ver-gray foliage of very attractive character. For any tree off-color tiiis is

about as satisfactorj' as could be wished.

Chamaecyparis thyoides, Whitecedar. This species is not well represented

on the campus, but seems to be as fully available as otlier examples of the

same genus.

Chamaedaphne calyculata, Leatherleaf. A small-leaf native evergreen or

low growth, fovmd growing in bogs. The flowers much resemble those of

blueberry and are borne suspended from the lower side of the spreading

branches. May be used with good effect in a moist situation but is of little

value elsewhere.

Chionanthus retusa, Chixese Frixgetree. This little-known shrub has been

growing on the campus for at least forty years and has proved itself per-

fectly hardy. In habit of growth and foliage it differs little from the native

C. virginica. The flower clusters are somewhat denser and appear a little

later than in that species. The large clusters of purple fruit in the fall are

an added attraction for a time, but are soon devoured by birds.

Chionanthus virginica, White Frixgetree. This native species makes a

strong large shrub sometimes reaching a height of twenty feet. It is rather

coarse and thick in growth without any especially desirable qualities except a

fine showing of white flowers in May. At the flowering season it is quite strik-

ing and satisfactory.

Cladrastis lutea. Yellow-wood. A fine, interesting tree native in the states
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fartlier south and not quite liardy here. Beautiful in foliage and especially

beautiful in flower. Would be very satisfactory for park and lawn planting

excej)t for its tenderness to the climate.

Clematis i/rata (jrandidentata, Hijialayax Clematis. One specimen of this

species has been growing on the campus for nearly thirty years and is great-

ly admired. It is of moderate growth, good foliage, and bears abundant white

flowers somewhat resembling the ordinary virgins-bower. Considered here as

one of the best of all clematises. This species has been propagated here by

hardwood cutting and layers. It does not reproduce easily.

Clematis heracleaefulia davidiaua, Fraguaxt Tube Clejiatis. This sj^ecies

was rather generally recommended by nurserymen a few years ago, and is

indeed attractive, something between a shrub and a climber in habit, perhaps

best suited to large efi^ects in rock gardens. It has not proved hardy on the

campus—in fact, is extinct iiere.

Clethra alnifolia, Su.mmersweet. This native small shrub is best adapted to

plantings in moist situations though it will thrive less luxuriantly in dryer

locations. It is suitable for wild plantings. Its most striking feature is the

production of abundant flowers in late summer, at a time when few other

shrubs are in bloom. The flowers are pleasantly fragrant and are excejlent

nectar flowers for the apiary.

Clethra tomentosa, Woolly Clethra. This southern species is perfectly

hardy and grows readily on the college grounds, though not a very tidy or

attractive shrub. It is suitable for wild plantings, especially in moist local-

ities. Its flowering habit is like that of C. alnifolia.

Comptoiiia aspleuifolin. Sweetferx. This hardy, native, well-known shrub

has Ijeen grown to some extent on the campus. It transplants with great dif-

ficulty; otiierwise it would be very satisfactory for certain situations in park

use, especially for dry, hot, sterile soil.

Coruuy alba sihirica. Coral Dogwood. A hardy, strong-growing, U})right

dogwood with red branches. \'ery satisfactory for borders and wild garden

effects.

Cunius alteniifoUa. Pagoda Dogwood. A large, strong, upriglit-growing na-

tive species suitable for woodland planting and woodland borders.

Conius amomum, Silky Dogwood. One of the most common native dog-

woods, growing in moist situations, frequently accomjjanying stolonifera. Its

bright lilue fruits and dark red stems give it added values in autunm and

winter.

Cornus fiorida, Flowerixg Dogwood. Geograj^hically the northern range of

this species runs a little beyond Amherst. Even in this locality the species

begins to show tiie stress of nonadaptation to the cold winters. Nevertheless

it usually flowers in the spring and is always welcome. It is too good a spe-

cies to be overlooked in any extensive planting.

Conius fforida pendula. W'kki'isc. Dogwood. A weeping variety of ordi-

nary flowering dogwood; curious but of no particular value.

Gornus florida rubra, Redflowerixg Dogwood. Considerable variations In

the color of flowers occur in this species in nature, varieties with more or less

pink or reddish blossoms being not especially uncommon. The variety prop-

agated by the nurserymen under this name is genuine and practically satis-
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factory. Tlie variety is, in fact, quite attractive and well worth using in rea-

sonably large numbers in any considerable plantation.

( ornus kousa, KorsA Dogwood. Thi.s Japanese species is of comparatively

recent introduction and is said to be more hardy than the native CorHu.s- ffor-

ida. Experience here thus far does not bear out such a statement. The oldest

plants, about ten years on the ground, have seemed to be less floriferous than

the native species. The flowers are soniewhat smaller but (juite attractive, and

the species is worth using in a collection, but could not be recommended as a

substitute in any way for the native Cornus florida.

Cornus mas, Cor.NELiAN-ciiERRY. This old-world species has proved ))erfect-

ly hardy. Its very open crown and tendency to legginess do not conunend it

for general planting, though it may be used to advantage in the background

of a shrubbery. Its mass of small golden-yellow flowers, j^receding the leaves,

makes it a cheering harbinger of opening spring.

Cornus panicuiata. Gray Dogwood. This is one of the hardy native roadside

species and while it has no conspicuous ornamental characters it is very satis-

factory for mass planting and much general landscape work. In fact it is

one of the most solidly useful shrubs for general park planting in the entire

genus. The clusters of white fruits on pink stems are attractive for a short

time and are greedily devoured by birds.

Cornus stolonlfcrn, Red-osier Dogw'Ood. This hardy native sjiecies is most

frequently found in wet land beside ponds and water courses. It is a good

thrifty species quite satisfactory for j)]anting in moist situations. The bark

is bright and attractive in its winter condition. This sjiecies seems to be fre-

quently confused with others, e. g. C. albfi sibirico, C. alba, and even C.

amomum.

Corylus amerirana, Amekicax Hazej.nt-t. A hardy native species found

along the woodland borders. A good, tiirifty }ilaiit for rough border plant-

ings but without any distinctive ornamental characters.

Cori/Ius avellann. Filbert. The filbert, or European hazelnut, is sometimes

fovmd in nursery ct)'llections. It is a larger, stronger-growing ])lant than the

American species and more effective for general planting. Otlierw ise it has

no superiority. This species has a ])urj)le-leaved variety known a,^ Curnlus

aveUana afroiiurpurea, the Purple Fii.hert. It is one of those showy purple-

red leaved forms quite conspicuous in the si)ring season, but not to be recom-

mended for general use.

Cratae(ius inonocfi/na, English Hawthorn. The English hawthorn is per-

fectly at home on our grounds and thrives consistently on any well-drained

soil. It is hardy and satisfactory. It blossoms well each spring. As a s])eci-

men jilant it is distinctly less attractive than many of the native species. In

I'.ngland the hawthorns, this species es])ecially, are famous for use in liedge-

rows. In America they seem to be less satisfactory as hedges than several

other species of other genera.

Crataeijus oxijiicdnthd btcolor. Reukoi Hawthorn. One of the briglitly co-

lored varieties of the English hawthorn. Except for the flowers it has the

same characters as the parent sjiecies.

Crataegus oxi/acantha pauli. Pavl English Hawthorn. Another variety of

the English species having little difference excejit in the flowers, which are

rosv red and fullv double.
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Cydonia jnpoiiira, Flowkring Quince. A sturdy, fine, Inardy, shrub with

beautiful flowers in various colors, mostly red or orange, but sometimes white.

These selected colors may be purchased from the nurserymen. This makes an

attractive specimen on the grounds, is excellent in foundation plantings, and

on good well-drained soil makes a fine hedge. A few years ago it was threat-

ened witli extinction from attacks of San Jose scale, but with the subsidence

of this pest it is coming back into favor.

Ci/tisus sroptirius, Scotch 15i(oo:\r. An interesting plant with slender, up-

right, very dark green stems and fine foliage and with bright yellow flowers

in early spring. Not fully hardy here, being badly killed back in severe win-

ters. Along the seacoast it is quite extensively used and seems to be more at

home there.

Deiifzia (/racilis, Slender Deutzia. One of the best-known species in this

fine genus. A splendid, small, hardy, clean, thrifty shrub with good foliage

and especially beautiful flowers, excelled only by the following species.

Deutzia leinoiitei, Le.^ioixe Deutzia. Much like the foregoing. Said to be

a hybrid but more floriferous than tlie usual species, tiie flowers being very

abundant, clear waxy white. Tiiis should be included in every list of orna-

mental shrubs, no matter how small.

Deutzia scabra, Fuzzy Deutzia. A tall-growing (ten to twelve feet) rather

coarse, upright shrub, with flowers white or pinkish. Not quite so hardy as

the other deutzias and not so attractive to the ordinary eye. It is not com-

mon in cultivation. The variety Deutzia scabra plena, Pride of Rochester

is the best form of this species and is available from most nurseries.

Diervilla tripda, Dwarf Busii-iioneysuckle. A small native j)lant not at

all consj)icuous but rather pretty in its proj)er place on the sliady borders of

woods.

Dionpi/rvs vir(iliiiaiia. Co,-\i?iox Peiisi.mmo.n. This sjjecies has been planted

several times on tiie college campus but does not seem to l)e ])ermanent. It is

of no special ornamental value and being doubtfully hardy at this station

should not be recommended.

Dirca palustris, Leatherwood. A fine and interesting native species. A
hardy, slow-growing shrul), ratlier attractive in blossom and of good foliage.

This .should l)e included in any collection of hardy native shrubs and would

be valuable for general planting except for its slow growtli and ra'her dif-

ficult propagation. It ])refers a moist soil and will not tolerate extreme

drought.

FAaea(jnn>i atujustifolia, Ri'ssiax-olive. A tall-growing, oj)en, and irregular

shrub, imich resembling a gray-foliaged willow. Thougli perfectly hardy it

lias not proved of particular value here. It aj^pears to prefer a moist soil

location.

Elaea(jiius- JoiKjipea, Cherry" Ei.aeaoxus. A good hardy shrub from Russia,

attractive in habit of growth and foliage, also in fruit, the fruits being edible

though not of high quality. This is a good reliable shrub and worth using.

Elaeaf/nus umbellata, Autumx Elaeagnus. Somewhat similar to the fore-

going and having the same good qualities. The foliage more silvery-white. The
small, bright red fruits, much resembling red currants, are produj£»ed in

bunches and in great quantity and their long pcr.si.stence makes the plant a

striking feature in autunm.
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E»ki(u>IJiu6- pcruhitus, 'W'iiitf. Exkianthus. This Japanese slirub lias been

growing on the campus for four years and has withstood all the weaflier

changes of that period, giving good promise of perfect hardiness. It is a

very attractive i)lant in foliage and in flower and worthy a place in border

plantings.

Euonymus alatus, Wixged Efonymiis. This is really a splendid sHrub of

good foliage and habit of growth. While the fruit is not so conspicuous and

attractive as in some of the other species in this group, the plant as a whole

is one of the best. It is good for specimen planting, also as a large figure in

foundation plantings, and prunes easily to make a splendid hedge. Its char-

acteristic winged twigs and branches make it a striking plant in winter. It

should be much more extensively used.

E'uonipnus radicans, Wintercreeper. A very hardy, small, shrubby, ever-

green \ine of many uses; suitable for covering banks and bare spots either

in shade or sun; interesting on fences, stone walls, and the sides of old build-

ings. Often satisfactory against brick walls where a tall, fast-growing creep-

er is not desired. Variegated specimens are often seen and sometimes pro-

pagated, but they are less attractive than the pure green species.

Euoni/nius radicans vecietus, Bigleaf Wixtercreeper. The foliage of this

variety is nuich larger and tiiicker than that of the species. It is also smooth-

er and more shining dark green. The variety grows more raj^idly and can be

used as a clinging vine against brick, stone, or wooden buildings, reaching

even to considerable height. In general it is very hardy, beautiful, and satis-

factory. Its clusters of ripe fruits, combining red and white, contribute

materially to its beauty in autumn.

Exorhorda graiidiflora, Commox Pkarlbusii. A large shrub, quite compact

and well formed when not crowded. The light gray-green foliage gives a

pleasing contrast in a mixed shrubbery. The clusters of pure white, rather

large flowers are a decided attraction during their season.

Fa<iun amerlcana, American Beech. Tliis hardy native tree is always at-

tractive in woodland, but being difficult to transplant is not much used by

landscape architects and park superintendents. It seems to be really worthy

of more attention.

Pa(jus sylvatica, European Beech. Several varieties of the European beech

have been grown here, viz. Fapus sylvatica incisa, Cutleaf Beech; Faf/us

sylvatica purj/area, Purple Beixii; Fa(jus sylvatica riversi. Rivers Beech.

These are all thrifty and satisfactory, the cutleaf beech especially so. For

plants of freaky character these are singularly beautiful and unobjectionable.

Forsythia intermedia, Border Forsytiiia. A fine, upright, hardy shrub,

greenish twigs, good foliage, and abundant bright yellow flowers early in

s])riiig. One of the standard species for general mass planting.

Forsythia suspensa, Weeping Forsytiiia. A rambling, creeping, pendant

shrui) often growing thirty or forty feet long with a height of six or eight

feet from the ground; foliage good and flowers attractive. This species is

esi)ecially satisfactory for covering banks and waste land.

Forysthia suspensa furtunei, Fortune Forsytiiia. A foliage variety ap-

parently less valuable than the ordinary species.

Forsythia viridissima, Greexstem Forsytiiia. Much like Forsythia inter-

media cxcei)t that the stems are coarser and brighter green and the elongated
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foliage soiiif \\ liat more abvuidaiit. 'J'his is a \ery good sjiecies and one fit for

general use.

Frcu-inux americaua. White Ash. A hardy native tree often making splen-

did holes with a dignified outline of head and good foliage; a good timber

tree; will stand some shade and prefers rather moist land; is sometimes used

for street tree planting but is better in mixed woods where its value should

never be o\erlooked.

Fra.vinu.s- huiceoUita, Gkken Ash. Anotiier native species suitable for uses

similar to the foregoing except that it has a still stronger preference for moist

land. More common in cultivation iiecause of its more ready projiagation

from seeds.

Frax'iiniK /ieini.i(/h')uiic<t. Red Ash. A large tree with most of the charac-

ters of Fr<(.riiius Jmiceolnta but less attractive and not so well adajited to tiiis

region.

Gliiki/o bilolxi. Mau)en HAiu-TitEK. Tliis fuic .Japanese sj)ecies lias been long

established on the college grounds and iuis shown itself well adapted to tliis

climate. It has now become rather well known throughout the country and

is something more than an interesting cin"iosity.

Gleditsia triacanthos, Commox Hoxeylocist. When well grown this species

makes a fine, dignified tree. On this campus it has never done exceptionally

well. In fact there are indications that it is not quite hardy here. The tree

is very thorny and is sometimes used for hedges. It has been tested in the

demonstrati(>n hedge garden, but the results would not commend themselves

to most ))ersons. There is a thornless variety of this s])ecies called Gleditsia

1 ri<ic(iittl)()s iiiennix which would naturally be chosen in preference to the verv

tiiorny s|)ecies.

Ojiiinidcladoti dioica, Kextucky Coffeeiiske. ,\ fine, attracti\e tree in its

native habitat in the Central States but not quite liardy here. A good speci-

men about thirty years old was killed to tlie ground by the hard winter of

1917-18.

Jtidcsid (etidjifera. Gkeat Sh.vekhei.t.. A large shrul) or small tree from the

.South Central States; somewhat awkward and leggy and without mucli to

recommend it except the beautifid f!o\\ers. These are really \ ery fine.

H((iii((nielis vir(jini(in(i. CojiMox "\\'rrcj[-IlAXEi,. A fine, hardy, iiati\e sjie-

cies especially interesting because of its yellow fiowers borne late in Novem-
ber and December, after the falling of the leaves. However, tlie shrub is in-

teresting and worth while for its habit of growth and its foliage. It is some-

what slow of growth but worth using in (nass plantations, especiallv along

woodland borders and for imderplanting in ojien woods.

Hedera heJi.r, English Ivy. This species is not entirely hardy in Amherst.

If given considerable protection it can be kept along from year to year iiut

should not be chosen for regular practical use.

Hibiscux .fi/ri((cus. Shkub-althea. This shrub is interesting mainly for its

large showy flowers, and the fact that they are produced at a time when few-

other shrubs are in blossom. It is not altogether hardy here and has the

further objection that it comes out very late in sjjring and droj)s its leaves

\ery early in autunui. Along the seacoast the species does much better. Here
it is to be recommended mainly as an interesting addition to a collection.
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Hicoria oi'afa, Siiagbauk Hickory. A splendid native tree iiard to ])roj)a-

gate, hard to transplant, and of very slow growth. Nevertheless the tree is

so fine in all its characters that it is worth using, especially on large, open

lawns, or for broad park effects.

Hydrancfea arborescens grandiflora, Snowhill Hydrangea. This is jirob-

ably tlie best of the hydrangeas for this section of the country. It has large

and abundant clusters of good white flowers, the foliage is clean, and the

general effect, while coarse, is rather good. The plant thrives well and does

its best if cut back to the ground every year or every other year.

I

Early View of the College Campus- About 1889.

Hi/draii(iea paiiiruJata (irandlflora, Pfkgee Hydrangea. A very common,

well-known, jiopular shrub with large clusters of coarse white flowers, per-

fectly hardy and of easy culture. It should be pnmed back rather heavily

each year in order to get liest results. The type species, Hydrntuien paiiicu-

laia, has a niore o])en flowering truss, and tlie flowers, tliough less conspicu-

ous, arc more graceful. In many situations it is to be desired to the more

popular Pecgee iiydrangea.

II i/drdiii/Pd petiolaris, Cli-Aiuing HYnuAN<;EA. This s})ccics lias long been

growing on tlie college groimds and does very well. It may be freely recom-

mended as a first-class climbing vine for covering walls. This is another of

ilic noteworthy introductions of President Clark. The late Professor Sargent

was authority for the statement that the ]ilant now growing on the elm tree

on the Clark estate, college campus, was the lirst plant of the species that

came to America.

Hypericum aureum, Golden St. Joiinswort. An attractive shrub with

bright leaves and shiny, golden-yellow flowers. First rate for foundation

plantings and small work generally.
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llc.r iihihra. Inkkerky. Tliis ratlier conqiact evergreen shrub, native to Cape

Cod ,111(1 adjacent regions, lias been growing on the campus for the past few

years and gi\es promise of perfect Iiardiness here. Plants growing on the

soutli side of spruces wiiicii give some ^\inter protection thrive better tlian

those in full exposure.

Ilex (ijjdCfi. A:mericax Hoii.v. A good native species common along the

.seaboard but not often planted in this neighborhood. It is not entirely hardy

here. The foliage is good and the species jiromises to be of considerable value

in general landscape architecture.

Recent View of the College Campus Showing the Eevelopment of Tree Plantings.

llc.v vf-rtiriUata, Com:mox WiNT?:iuiEuuY. A very hardy native shrub most

commonly found in swampy or wet ground and remarkable for its beautiful,

bright red berries, which are held late in the winter after the deciduous leaves

have fallen. Quite common and popular under the misnomer "l)lack alder."

It is not diiHcult to transplant and may be freely recommended for use in

suitable moist land.

Jufilans cinerea, Butternut. A native timber tree of no particular value.

The tree is awkward and sprawling in growth, nearly always showing a con-

siderable amount of dead wood. It is suitable for planting in native wood
compositions, but hardly for use in lawns.

Juijinns mandshurica, Maxchurian Walxut. A large, spreading walnut

tree with good foliage. The specimen on the campus bears nuts abundantly.

This is possibly the best of the oriental walnuts for use in this section.

Jufllaii.t nigra, Black Walxut. This species is slightly out of its range at

Amherst. Trees have been growing on the college campus for many years but

they do not thrive. One walnut tree is known in this neighborhood, however,

which has attained considerable size and which habitually bears fruit. The
.>^]iecies is not to be recommended for general planting.
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Ju(il(ni.t i-fii'M. I'KiisiAN A\'ai.m r. This .si)ecies is not quite JKirdy aiui lias

never sliown sutticient aptitude for this climate to be reconimeiuieil.

,fu<ilaiis .•^ieboldtaiio. Javanksk Walnut. Hardy and quite satisfactory.

Matces a larg^e, s])readin<i-, fairly dianitied tree and usually produces an al)un-

daiit crop of tast\' nuts.

.1 uiiijxruit fhiiifii.-iis. t'iiiNi:si: .Ir.Mi'Kit. Mature trees reach a height of sixty

feet and are more oi- less of ]>yramid form and have bluish-white foliage.

Plants on the college grounds are still small but in the five years trial have

proven i)erfectly hardy. This species is more commonly met with in the fol-

lowing variety.

Juiiiperuti chhteiisis pfitzerhota, Pfitzek Ji'xipku. Has been used to some

extent in foundation jilantings on the college campus. Seems to be hard}'

and satisfactory. A sho\\ y, snudi, low-spreading, ornamental evergreen.

Juniperus com munis suteku, Swedish Junh'Ek. An interesting dwarf col-

umnar evergreen suitable for foundation plantings and fancy work generally.

Perfectly hardy.

Juniperus sabina, Savix Juxiplr. Another hardy, rather dwarf evergreen

suitable for ornamental plantings, foundation plantings, etc.

Juiiipcnts viriiinidiiii, Keucedar. This species is native and abundant in the

neighborhood, it is hardy and permanent. It can be used for certain fttrnial

effects if care is taken in the choice of specimens. However, in such locations

it usually seems necessary to rei)lace the .specimens after a few years. Speci-

mens may be sheared to ad\antage. This species should be planted in dry,

warm, sunny situations.

Kal))iia anciustifolla. La:mi!Kii.i.. A dwarf native laurel very common and

\ery hardy on waste land. Of no inirticular horticultural value.

I\i(lmif( latifoJid. Moi'XTAiN-i.AuuEL. Tliis hardy native c\ergreen slirub

w itii its beautifid waxy tlowers is very poj)idar. It has been used in small

([uantities in plantings on the college groiuids. Moderate success is jiossibic

by transplanting small plants from the woods very early in spring, ^'ery

much better results are to be had from obtaining good stock (balled and bur-

lapped) from the nursery.

Kerrid japoulcu, Kk.ukia. A tidy and delightful small shrub remarkable for

its bright green stems and foliage. The stems make an attractive winter ef-

fect. The plant is perfectly hardy here cxcejit that the tips of the shoots

usually show some winterkilling. These ought to be sni])ped off early each

spring, after which the plant takes care of itself admirably. A very desirable

shrub for general planting.

A colored variety of the foregoing is the Siiakk Kekhia {k'crria J((/iiiiiir(i

(ir<iente()-varle(f«t(i) . This is merely a sickly looking form of the species and

not nearly so good.

.\iiother garden form is the Doihik Keukia {k'erria japonicn flore-phuo).

The double yellow tlowers are rather attractive; otherwise this variety is in-

ferior to the type.

Koelreuteria paniculafa. Goi.denuain-tkee. A rather attractive small tree

with somewhat irregular and ])icturesque growth, pinnate leaves, and tine

trus.ses of vellow flowers. It is hardy, ])ermanent, and desirable.

fjdhuniuni vuhiare. (ioi.dknchaix. This small tree is very fhie with its long
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trusses of yellow blossoms \\hen they can be secured. Unfortunately it is not

hardy and reliable in this climate. Appears well adapted to the more uniform

climate of the coastal regions.

Larix europnea, Euuopeax Larch. Has been rather extensively j^lfinted on

the college grounds mainly as woods rather than as separate ornamental trees.

It has some timber value and is a rather attractive tree in itself. Quite hardy

and permanent.

Larix leptolepis, Japanese Larch. A fairly good tree but more straggling

and less synunetrical than the European larch. Worth growing as an oc-

casional specimen.

Leuvothoe cafesbaei, Drooping Leucothoe. A hardy subshrub with inter-

esting festoons of glossy evergreen lea\es; blossoms inconspicuous. Excellent

for foimdation })lantings and especially aj)})ro])riate when associated with rho-

dodendron, kalmias, and pieris.

Liyustrum amurense, Aimur Privet. The hardiest and one of the best pri-

vets for general use in this section. Like all the privets this does compara-

tively well in shade. It is easily pruned and makes a good hedge.

Liijustrum ihofa. Ibota Privet. A Japanese species widely used in orna-

mental planting, hardy and clean. The bush is more spreading and graceful

than most other sj^ecies and is therefore more satisfactory for informal plant-

ing. However, it submits well to pruning and is fairly satisfactory in hedge

form. The abundance of persisting purple-black fruits give it value for win-

ter effects, and these fruits are attractive to birds.

Ligustrum ibota regelianum. Regel Privet. A variety having somewhat

the same characteristics as the species but a little more sprawling in growth,

and st)mewhat lower.

Ligustrum ovalifoJium, Caliiornia Privet. Has been repeatedly planted on

the college campus and sometimes lives for a few years, but eventually is al-

ways winterkilled. This species, much used farther south, is thoroughly un-

reliable in our latitude.

Ligustrum vuUjare, Euhoi'Ean Privet. This sjiecies has been frequently

planted on the campus and was formerly a great favorite throughout this

section. It is, however, somewhat subject to disease and has now been almost

completely replaced by Amur Privet.

Liguslrum vulgare lode use, Dwarf Privet. A very dwarf variety somewhat

rare in the nursery trade. Has been growing on the campus for five years

but is quite uncertain. Plants are irregular in size and hard to establish.

Liquidambar styraciflua, Sweetguji. Has been repeatedly planted on the

campus and continues from year to year though obviously not well adapted

to the climate. Not to be recommended for general planting in this latitude.

Liriodendron lulipifera, Ttjliptree. A large fine tree, somewhat out of its

latitude here but fairly hardy. On account of its attractive showy flowers

rather desirable. An occasional specimen will do very well, but at Amherst

and in higher altitudes it should not be relied upon.

Lonicera bella, Belle Hoxeysucki.e. A hybrid of L. morroici and L. tata-

rica partaking of more characters of the latter parent but inferior to both.

Though perfectly hardy, its use is not recommended.
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Lonicera dioica, Limbkr Honeysuckle. A native climber witli wiiitisli leaves

and greenish-yellow flowers. Of no particular value as an ornamental.

Lonicera japonica, Japanese Honeysuckle. A rather densely growing vine

with abundance of dark green foliage. It characteristically branches freely

from the ground up, thus making an excellent screen when trained on a trel-

lis. Its pleasantly fragrant flowers give added value. It is more commonly

met with in the variety halUnna, which usually produces a greater abundance

of flowers.

Loiiicern maacki. A.muk Honeysuckle. A x'gorous, upright-spready, lusty

shrub, witli clean foliage, flo\\ ers iiiconsj)icuous for tiiis genus, fruits dark red

and showy. A good large shrub for general use.

Lonicera niorrorci. Morrow Honeysuckle. A big, lusty, strong, spreading,

thickly branching shrub with good foliage and attractive creamy-yellow flow-

ers, followed by bright red or orange fruit. One of the best of all the honey-

suckles for general landscape use.

Lonicera ruprechtiana, Manciiurl^n Honeysuckle. This is another of the

taller-growing shrubby species with nuich of the haliit of growth of L. tata-

rica and L. hella. Though perfectly hardy it shows no special features which

would reconunend it for general planting.

Lonicera tatarica, Tatarian Honeysuckle. A well-known species quite

widely used for ornamental ]ilanting. Plant rather upright and coarse, with

attractive pink or white flowers. It has also been tried in hedge formation

but does not stand shearing well. Best suited to a background in a shrub-

bery border. The abundant bright red fruits are very attractive in the aut-

umn and are lures for many birds.

Lonicera .vi/Iosteuni, European Fly Honeysuckle. A fine, strong species

closely resembling L. morroxvi. but of taller growth. Hardy and worth com-

mon planting.

Liicium chinense, Chinese Matroiony-vine. A strong, lusty, hardy, thick-

growing shrub with long recurving brandies, highly suited to growing over

outbuildings, on rustic trellises, or on banks and ledges. One of the best in

its class.

Li/jnia li<iu.ttrina. He-hucklebelry. A small shrub of no ])ractical import-

ance.

Maanvlia acuminata, Cucu^ihertree. A large, coarse-growing tree with stiff

stems, large, coarse foliage, and medium-sized greenish-yellow flowers. Not

quite hardy here and not sufficiently attractive to be recommended.

MaijnoHa con.tpicua, Yulan. A large, coarse-growing tree with coarse foli-

age and large showy flowers. Sometimes kills back in hard winter weather.

Not es))ecially valuable.

Ma(/n(iHa cordafa, '^'eliow Cue umhektree. Somewhat similar to the M.

acuniiii(it((. of which it is considered only a variety by some authors, differing

])rimarily in having smaller lca\es and flowers.

Majni'ilia (jlauca, Sweetray. .\ small tree which does not seem to be hardy

in our locality. Better suited to the coast regions.

Ma(in(ilia hjipoUuca, Silver Maonolia. A strong, U))right-gr()wing tree with

large, coar.se-growing foliage, not yet sufficiently tested on the college campus.
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Miupiolid soitlanijeaiui. Saucer Magnolia. This hybrid between a tree and

a shrub, both natives of Japan, is represented by many inteniiediate forms

between tliose of the parents, a number of which are perfectly hardy here.

It is probably the best magnolia for general planting in this section. It bears

abundant Ijlossoms every year, which are large and attractive, ranging in

color from white to purple. Two varieties of this hybrid which have done

well on the campus are Lenne Magnolia (M. soulaiipeana lennei) with large

pur))le flowers, and the Large Saucer Magnolia {M. soulnngeana alba super-

ha), both interesting novelties.

MfuinoVm uteUata, Star Magnoija. A small shrub very attractive for lawn

planting. The beautiful wliite flowers a])pear quite early in spring. Unfortun-

ately the species does not seem to be entirely hardy here. Successive plantings

last for a few years but finally disapjiear.

Maiinolia tripelala, L^imbrella Magnolia. A coarse, open-headed tree of no

special value. It very much resembles ffie Silver Magnolia (3/. hypoleuca)

and is of about equal value with it as a plant material.

Mdluniiii ii<iuif()liuiii, Oregon Holi.ygrape. An evergreen shrub having dis-

tinctly ornamental qualities. It is, however, hardy only near the seashore or,

in Amherst, in jirotected positions.

2Ialus hficcafa. Sihekian Crab, ^'ery hardy ornan.ental crab, making a good

tree with rather thick head. Quite satisfactory for j. ark and lawn plantings.

Mains coronarin, Wild Sweet Crab. A species native to the Middle West
and one of tiie \ery best. This is usually quite hardy but lias sometimes suf-

fered in severe winters.

Mains fforihunda, Japanese Flowering Crab. (!)ne of the fine, hardy, dwarf

flowering cralis from eastern Asia, flowers \ery dark red and al:)undant. Tlie

ver\' attractive siiiall fruits jiersist for some time. .\pparentTy hardy and

permanent and growing in jiopularity. Hybrids of whicii this species is one

"f tiie parents are represented on tiie campus by M. aniohUaiw, Arnold
Crab, and M. scheideckeri, Scheidecker Crab.

Mains hdllidiiii jiarknnnii. Paukjian Cuab. Of much tlie same habit as 31.

fJorihuiuJn Imt more dwarf and tlie flowers are lialf double. A hybrid kin to

this species is M. atrdsaiuiuhica.

Malus ioensis plena, Beciitel Crab. This double-flowered variety of a

species native to our Middle West is deservedly growing in pojnilarity. It

makes a well-rounded small tree and produces its large, pink roselike flowers

in abundance. It proves to be perfectly liardy here.

Moms (ilha, Witrn'; Mulberry. This makes a small tree with rather loose

open head, of no special ornamental value but useful mainly because the fruit

is very highly regarded by birds.

Moras allia taturica. Russian Ml'lberry. Soniewliat smaller than tiie pre-

ceding, witii a bushy and more compact crown.

M;/rica caroliiH^nsis, Northern Bayberry. Tliis is tiie native bayberry

widely used for bayberry candles and similar Cliristmas purposes. It is a

favorite for seaside planting but can be more widely used to advantage.

Mj/rica rerifera. Southern Wax:myrtle. Tliis sjiecies has been used ex-

jierir.ientally in iiedge j)lantings, and while tiie experiment lias not been en-

tirely successful, it would appear tiiat in a situation better adapted to tlie

species the results would probably be satisfactory.
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Ostrya viryiniana, American Hophornbeam. A small hardy native tree of

considerable interest but not reconimended for general landscape planting.

More satisfactory in the margins of woods or in ravines, under partial .shade.

Oxydendrum arboreum, Sourwood. This fine southern species is not quite

hardy in Amherst.

Pachysandra terminalis, Japanese Pachysandra. A dwarf hardy grouncj

cover now well known. Grown for many years on the campus with utmost

satisfaction. Especially adapted to shaded situations, such as under trees.

Paulownia tomentosa, Royal Paulownia. A coarse tree with large, strik-

ing foliage, much resembling catalpa, and with large trusses of beautiful

showy purple flowers. Unfortunately this species is not entirely hardy here

but kills back rather frequently. Occasionally it can be brought into blossom.

Even when cut back from year to year the strong young shoots with large

foliage have considerable ornamental value.

Phellodendron amurense, Amtjr Corktree. A fine, dignified tree, native of

China and Japan, represented on this campus by one young specimen only.

This seems to be hardy, clean, and desirable.

Phellodendron sachaliuense. Sakhalin Corktree. A good-sized tree, native

of Korea and northern Japan, with corky bark, striking pinnate foliage,

flowers attractive but not conspicuous. Several good specimens, one of large

size and striking beauty, have long shown the liardiness and adaptability of

this species. It is, in fact, one of the most effective and desirable of exotic

trees in the entire collection. The flowers produce an abundance of nectar,

making the tree a most desirable one for the apiarist.

Philadelphus coroiKirius, Sweet Mockoraxge. This fine, old-fashioned shrub

does well in this locality. Perhaps tlie large-flowering variety {yrandlflorus)

is to be preferred, and indeed it is the one most frequently offered by the

nurseryman. In -general the plant needs considerable pruning to kee]i it down

to the ground and prevent the formation of tall, leggy stems.

Philadelphus lemoinei, Le.moine Mockorange. A very fine hybrid sort, good

habit of growth with relatively small leaves and iiigiily floriferous. \A'ell worth

general planting.

Philadelphlus puhescens. Hoauy IVIockoraxge. A strong-growing, lusty,

hardy S])ecies useful in mixed plantings. It has much tlie same ornamental

values as P. coronarius.

Photinia villosa, Photinia. A large shrub attaining a height of fifteen feet,

can be trained to tree form, with good dark green foliage. The clusters of

small white flowers are quite attracti\c. '^I'he al)imdance of bright red fruits

makes this a strikingly attractive plant in autunui.

Phy.socdrpus bracteutus, Twinpod Ninehark. A rather compact, medium-

sized shrub, flower clusters much resembling spirea and j^roduced in abun-

dance. The light green leaves strikingly like those of the garden gooseberry.

It has proved to be perfectly hardy.

Physocarpus intermedins. Illinois Nixehauk. \'cry mucli like tlie preced-

ing but of somew hat larger growth and of etiua! hardiness.

Physocarpus opulifolius, Common Nixekark. A strong, coarse-growing na-

tive shrub, adaptable for large coarse masses and where a rapid filler is

needed. A varietv with golden-vellow leaves is not so good.
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Picea canaihiisi.'t, White Spruce. This native spruce is not entirely at home

on the campus, preferring higher altitudes and colder, moister land. The

same might be said of the Silver White Spruce (Picea canadensis caerulea),

Picea encielmanni, Exglemaxn Spruce. In its native habitat this makes a

fine tree and in its juvenile condition is one of the most interesting ever-

greens even in our locality. However, it is not well adapted to this soil and

climate, and does not make a permanent tree of outstanding value. The same

could be said of the Blue Exglemank Spruce (var. glauca).

Picea e.rcelsa, Norway Si'rttce. This has been extensively used on the col-

lege campus and makes a very good tree, shapely and attractive, reaching a

height of about forty feet. At the end of thirty or forty years, however, these

specimens begin to grow ragged, especially about the bottom, and from this

time on deteriorate steadily. They are also badly attacked by gall-aphid.

They nuike excellent hedges, also good Christmas trees, and are generally

very attractive during the juvenile stages. As they are hardy and easy to

grow they can be used in considerable (piantities, but it is good management

to weed out the older specimens.

Picea excelsa compacta. Globe Norway Spruce. One very fine specimen

of this dwarf spruce is found on the college campus. It is one of the most

satisfactory curiosities in its class.

Picea excelsa cupressina. Somewhat more columnar in form than the species

and closer branching so as to produce a very dense crown.

P. excelsa pendula. Another odd form is represented by an old tree on the

campus. Interesting only as a curiosity.

Picea puiKjens, Colorado Spruce. These spruces have been grown in consid-

erable numbers and variety on the college campus. They are thrifty and hardy

and fairly satisfactory during their early years. After reaching the age of

twenty or thirty years, however, they begin to deteriorate.

Picea punijeiis c/lauca. Blue Colorado Spruce. This very popular curiosity

has been widely planted through the country and a number of good speci-

mens have been grown on the campus. At the age of twenty-five to thirty

years they begin to lose their lower branches and soon have to be removed.

This species has been greatly overvalued and overplanted throughout the

countrj' generally.

Picea rubra. Red Spruce. This native species, like the white spruce, re-

quires colder, moister soil than is available on the college grounds. It makes

rather picturesque specimens but is not to be recommended for general plant-

ing.

Pieris fforibtiuda. Mountain Andromeda. A delightful small evergreen

shrub with beautiful, white, waxy flowers in spring. Hardy and satisfactory

here, and to be generally recommended for planting on home grounds and in

the finer sections of parks.

Pieris japonica, Japanese Androjieda. A fine, hardy evergreen shrub some-

thing like the American species and equalh' attractive as a garden plant.

Pinus hanksiana, Jack Pine. As far as the college plantings are concerned

this is "just another pine." It has no outstanding characters to recommend it

for general planting.
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Pinus cembra, Swiss Stonk Pine. An attractive syniinetrical tree useful in

ornamental planting. It has not proved to he a lonji-lived tree on the campus.

Pinutt montnud mu(jhuti, Mroiio Pine. A dwarf pine widely planted and
quite satisfactory. Old specimens have a tendency to get ragged and bushy.

When this condition ari.ses, the plants may be heavily cut back and allowed

to branch out and start again, or they may be cut out and thrown away,

their place being taken by fresh young stock. This j)lant is so much better

during its early years than during its later years that it seems hardly worth

while to keej) it after it begins to get ragged.

Pinus iiiiird, .VusTRiAx Pine. One of the best pines for general ornamental

planting, rugged, symmetrical, with good foliage. The tree is not very large,

but seems to be permanent and satisfactory.

I^iiiut) resinosa, Red Pine. A fine, strong-growing, lusty species of prime

value in forest plantations and excellent for heavy masses in landsca^ie work.

One of the best of all the pines.

Pinus riijitla, Pitch Pine. Grows abundantly throughout the region, but

especially upon dry gravelly sterile soil. It is picturesque in form. It is easy

to propagate and transplant and is really worthy of frequent consideration

where plantations have to be established on sand or gravel. It is especially

abundant and attractive in the Cape Cod region.

Pinus strobus, White Pine. This native species is a deserved favorite. It

is attractive in all conditions whether youn^ or old. It does well on a variety

of soils from moderately dry to moderately moist. It makes excellent speci-

mens or fine woodland plantings, and has an outstanding forest value. When
thickly set and closely sheared it makes a fine hedge. One serious drawback

is found in its susceptibility to the attacks of the pine borer. This insect cuts

out nearly all the leaders when they reach a height of about ten feet. The

more recently introduced white pine blister-rust is also a menace to this

species.

Pinus syh'est.ris, Scotch Pine. A thrift}", hardy pine which makes itself

entirely at home on the college grounds and reproduces itself freely from

seed. It is a picturesque, attractive tree for mass planting, but does not make

good symmetrical specimens. The ease with which it reproduces and trans-

plants recommends it for general use.

Platanus ocridrnfiilis, A^iekkan Pi.anetkee. This nati\e species is thor-

(aighly hardy and satisfactory, i)eing especially at home along the moist banks

of streams and in allu\iai land. It is a rapid-growing tree, large and lordly

thougli not especially symmetrical. Its foliage and bark present an interest-

ing coarse texture. This s})ecies is distinctly useful in certain kinds of park

planting, especially for large masses viewed from some little distance.

Platanus orienlalis, European Planetuek. Tiiis species generally forms a

more symmetrical and attractive siiecimen than its .American congener, but

does not seem to be fully adapted to this climate. Apparently it docs imich

belter farther south.

Populus alba, White Popi..\r. Like all the poj)lars this makes a rather i)oor

tree, but where (piick results are required it may be used for tenq)orary plant-

ing.

Populus boUeana, Boi.leaxa Poplar. Botanically this is but a columnar
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form of the white pophir. Tlioiigh extensively proclaimed as a substitute for

the decadent Lombardy poplar the campus trees show no improvement over

that variety.

Populus nujra italica, Lombardv Poplau. A few trees of a very early plant-

ing on the campus still survive, but, as is so very common with the variety,

they are very ragged and unsightly. Because of its poor vitality tliis once

very popular tree seems doomed. Its rajiid growth might recommend it for

immediate and temporary effect but it is not to be considered in a permanent

planting.

Frunus americana, Asieuican Plit:m. A'arious types of this species (also

of other native American species) have been planted on the grounds, usually

as pomological experiments. Nearly all of these native pliuns, however, have

considerable decorative value; most of them are distinctly hardy and well

adapted to ornamental })lanting. Of these the most available seem to be P.

americana and P. hortulaiui.

Prunus avium, Mazzard. This old European species of cherry with its vari-

ous ornamental varieties has been frequently planted on the college grounds.

It is not entirely adapted to this locality but can be grown.

Prunus hesseyi, Bkssey Chkruv. Tins species has been used rather exten-

sively on the grounds in an experimental way, mainly as a stock for other

species of prunus, including the common orchard plum. For this purpose it

has considerable value. As a decorative plant it may be dismissed altogether.

The flowers of this species and all its hybrids are extremely susceptible to

brown rot fungus. For this reason a mature fruit is a great rarity. The close-

ly related species, Prunus puniila, native to Massachusetts, has also been tried

with about the same negative results. While it may have some value for wild

plantations along the seashore it is hardly to be recommended for use in the

Connecticut Valley.

Prunus cerasus rhe.vi, Rhex Cherry. One tree, now about fifty years old,

each year produces a mass of double white flowers. This is a very attractive

specimen and is fully hardy.

Prunus demissa mehtnorarixi, Black Western Chokecherry. Ratiier

similar to the native chokecherry of tlie Eastern States differing chiefly in

ranker growth.

Frunus (jlnndidosa ijlubra (dhiplena, Douhi.e Pixkeloweuinc. Ai.imond. This

is the low-growing rather compact shrub with pink double flowers, commonly

known sunply as "flowering almond." Because of its dwarfish habit of

growth it has been listed in some nursery catalogues, erroneously, as Prunus

nana. It is entirely distinct from that species, no variety of which is report-

ed as having double flowers. The double pinkflowering almond has been

planted on the campus several times, but always i)erished witliin a few years.

Prunus pennsylvanica. Pix Cherry. A hardy, native, small tree, rather

weedy, and of quite temporary character. Nevertheless it is interesting; it

has abundant flowers in season; and the fruits are very accejjtable to the

birds. It might be freely used in large woodland border jilantings.

Prunus serotina. Black Cherry'. A native tree seldom making large size in

this latitude. Heavily attacked each spring by tent caterpillars. Rather

weedy and unattractive, and not to be recommended for landscape planting

except for extremely wild conditions.
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Prunus serrulata sachaUneiisis, Yama Cherry. One of the fine, large, orna-

mental Japanese cherries. Perfectly hardy and satisfactory.

Frunus subhirtella ascendens, Shmo-higan Cherry. One of the very best

ornamental Japanese cherries; hardy, permanent, and satisfactory. There
is a weeping variety of the same species, but this upright variety is much
more desirable.

Prunus triloba j)Iena, Doubleflowering Plum. This highly ornamental

variety has been used on the grounds as a small formal tree budded on hardy
stock. Tlie flowers are large, double, and very showy. This seems to be

fairly hardy and reasonably permanent, and worthy of recommendation as a

hardy flowering shrub. This is one of the plants that are often though

erroneously called "flowering almond."

Pseudotsuga douf/Iasi, Doitglas-Fir. A strong-growing evergreen suited to

mass plantings, borders, and screens.

Ptelea trifuJiata, Commox Hoptree. A curious and interesting native shrub

or small tree. Rather sprawling and awkward and suited only to planting

along woodland borders.

Quercus alba, White Oak. A hardy native tree of considerable value. Un-
fortunately it is rather hard to transplant and slow-growing while young.

When once established it grows more rapidly than is commonly sujiposed,

and should be more frequently used.

Quercus bicolor, Swamp W^hite Oak. A fine, strong, thrifty species well

worth more general use; makes excellent specimens. The campus has one

notable specimen about fifty years of age and the species is used freely in

general mass plantations.

Quercus cnccinea, Scarlet Oak. An attractive native species comparative-

ly easily transplanted and well worth general use.

Quercus imbricaria, Shingle Oak. A fine, attractive species, probably

one of the best of the oaks for general park planting.

Quercus macrocarpa, Mossycup Oak. An interesting species but of no par-

ticular horticultural value in this latitude.

Quercus jjalustris, Pix Oak. A native tree adapted to moist soil along

streams, but will do well on a more elevated location if not too dry. It

makes a very symmetrical tree, of good foliage texture. The characteristic

s])read of its branches gives it a very attractive a})pearance in winter. It is

becoming justly popular as a street tree.

Quercus robur. English Oak. Much resembling native white oak though

of smaller and more compact growth. It is perfectly hardy.

Quercus rubra, Commox Red Oak. One of our native oaks that is well

worthy of consideration in large plantings. Isolated specimens develop wide-

spreading, rounded crowns.

Quercus velutina. Black Oak. This is another of our common native oaks,

often associated with the last. It is more upright in habit and suitable for

groups in larger plantings.
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Rhamiius cathnrtica, Common Buckthorn. A hardy and satisfactory shrub

for general mass planting. Formerly this species was frequently used for

sheared hedges, being especially popular in eastern Massachusetts. It has

been tried for hedges on the campus without much success.

Rhamnus frcuujula, Glossy Buckthorn. More slender and graceful than

the common buckthorn and a rather better shrub for general planting. In

fact tliis sjiecies seems to be worthy of more attention than is commonly

given to it by nurserymen and landscape architects. Very attractive in the

autumn because of the abundance of shiny purple-black fruits.

Rhododendron cataicbiense, Catawba Rhododendron. This handsome ever-

green shrub has been growing on the campus for many years and proves to

be perfectly hardy. It is represented by a number of flower-color varieties

—

probably iiybrids. It recpiires an acid soil and is a superb plant for such

locations.

Rhododi'udroii. iiia.vlnium, Roseuay Rhododenduon. A native large ever-

green sln-ul). Thougii flo\\ers and flower clusters are not so large and showy

as those of R. catawhieiitie. yet it is a handsome plant and worthy a place in

any collection. It, too, requires an acid soil.

Rhododendron micrunthum, Manchurian Rhododendron. Plants of this

species have been growing on the campus for several years, but indifferently.

They do not appear to be adapted to conditions here.

Rhus canadensis (aromatica), Fragrant Sujfac. Native shrub less known

than some others but very desirable for general planting in parks, public

grounds and even in small private gardens; growth somewhat prostrate, four

to six feet, good foliage and bright autumn colors; requires no care; has

more advantages and fewer disadvantages for garden use than any other

member of the genus.

Rhus copallina, Shining Sumac. Dwarf native shrub, resembling the

smooth sumac, but dwarfer with smaller leaves; autumn colors good, es])eci-

ally when combined with other sumacs, the shining sumac always being the

darkest. Very hard to trans])lant, but otherwise good for landscape effects.

Rhus cofinus, Co."mmon S.moketree. A large shrub or bushy tree ^ith

sho\\y sterile blossoms, used occasionally as an ornamental specimen plant;

not especially valuable.

Rhus cotinus atropurpurea, Purple Sssoketree. A variety of the forego-

ing with purplish fluft'y sterile panicles in late summer and autumn, of no

special value except as a curiosity.

Rhus glabra, Sjiooth Sumac. A very common native shrub frequently

used in park ])lanting for broad and coarse effects. Especially desirable

for its fall colors. Easily transplanted; suckers badly.

Rhus glabra laclniata, Cuti.eaf SuiAiAC. A variety of the foregoing, with

finely dissected foliage; only a curiosity in the same class as the shredded

sumac.

Rhus javanica (osbeckl), Java Su.mac. A fair-sized tree; one specimen on

the college grounds grew for several years reaching a height of fifteen feet;

flowers showy, appearing late in the season; more effective as a specimen

than other sumacs and apparently less inclined to sucker.
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Rhus toxicodendron. Poison Ivy. A nati\e sliruhhy vine everywhere abun-

dant and everywhere beautiful in s]>ite of its bad social habits. The only

effective method of eradication is l)y ii})rootino:. This is an endless job

since birds scatter the seeds over wide areas and seedling i)lants are abun-

dant everywhere.

Rhus ti/phino. Stagiiohn Suimac. A large, coarse, very common native

species used in park work and broad naturalistic plantings; good autumn

colors. Fairly easy to trans})lant; suckers considerably.

Rhus tjiphhui Inclnlata, Shredded Su.-mac. A variety of the above with very

much dissected foliage; interesting as a curiosity l)ut of little value other-

wise.

Rhus verniciffua. LAcciUEii-TitEE. A small tree from Japan and Cliina, showy

in foliage. This species was grown for several years on the campus but

had to be suppressed because it proved unusually poisonous—much more

aggressive in tliis respect than tlie well-known i)()is()n ivy. (Otherwise it is

desirable.

Rhus vfnii.v. Poison Su.'mac. Nati\e shrub growing in swam])s, beautiful

but very ])oison()us, colors finely in autumn, white or light buff berries.

Rilies odorntum, Golden Cuurant. An attractive little shrub with fra-

grant yellow flowers, now generally interdicted as an intermediate host in the

v.hite pine blister-rust.

Roiniiia pseudoacacia, Co."m.-mon LocrsT. This rather weedy tree has some

value for general j)ark ])lanting, moi-e especially on waste land. It is per-

fectly hardy here but does not show with such comjiarative favor as in some

of the sandier seacoast towns. Suckers badly.

Robinin viscosa, Clamjiy Locust. A large shrub with attractive jiink

flowers. Has minor value for mass planting. "S'ery susceptible to injury by

locust-twig borer. Like the conunon locust it suckers very freely.

Rosa hlfindfi, Meadow Rose. An attractive native rose suitable for wild

garden use, preferably in moist, somew iiat simny meadow locations. S])reads

freely by root suckers.

Rose hybrid, F. J. Grootendorst. This rose has been tried as a hedge

plant. A])])arently it can be used for tiiis ])urpose exactly as Rosa rugosa,

one of its parents, is frequently used; that is, to make a hedge border to

be left imsheared. It is more floriferous and has a much longer flowering

season than R. rugosa and is to be preferred on this account.

Rosa mulfi/Jora, Japanese Rose. A strong, lusty-growing jilant, rather

coarse. Flowers abundant, in large clusters, usually with a rather unpleas-

ant odor. This is, however, a strikingly satisfactory shrub for many sorts of

])lantings, both because the ])lant is strong and hardy and because it is dis-

tinctly floriferous. The bright hi])s lasting far into the winter are also orna-

mental and may ])ossibly be attracti\e to birds.

Rosa palustris. Swa:\ii> Rose. A iiati\c s])ecies, usually of low growth, best

ada])te(l \i) wet soil in large plantations.

Rosa rugosa, RiuiosA Rose. 'J'his hardy and ))0])ular Ja])anese rose has

been extensively used on the college camj)us. It has substantial value in

general plantings but appears to special advantage on exposed .seashore loca-

tions. The white-flowering variety is quite attractive; and several of the

hybrids are distinctly promising.
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Rosd K(fi(iera. Pkairik Rosk. One of the best of all the "wild" roses. Very

hardy and floriferoiis, hlooniinj; latest of all. Excellent for general planting.

Rubus deliciosus, Boulder Raspberry. Plants introduced about six years

ago from Colorado prove to be fully hardy, and promising for ornamental

planting. A rather compact rounded shrub with good foliage and flowers.

Rubus odoratus, Flowerixg Raspberry. A coarse native shrub with broad

hairy leaves and dull purplish-red blossoms, followed by even duller purplish-

red fruit. Suitable for mass j^lantings in rough, back-stage plantations.

Sali.v bahiilonlcd. Babvlox Weeping "Willow. This tree, formerly very

popular, is now fortunately going out of style. It may be iised occasionally

but has no special dignity and is untidy on the lawn.

Sali.v bebblana, Beak Willow. A native species of no particular merit.

Salix blarula, Wisconsin Weeping Willow. Of all the weeping willows

this seems to us best. Several specimens on the campus, having reached

the age of approximately fifty years, show considerable dignity.

SaUx caprea, Goat Willow. This sjiecies is sometimes grown in nurseries

for its catkins, the branches being cut and forced for "pussywillows." It has

no other special merit.

Salix cordnfa, Hearti.eaf Wili.om'. A nati\e slirubby species making ra-

ther dense thickets in wet meadows and along streams. May be iLsed in such

locations in large plantings.

S'rt//.i' discolor. PrssY AX'illow. The brandies of this species are also cut

and forced for "})ussywillows." If ])rotected from human depredations will

make a \ery accejitable large shrul) wiien planted in moist situations. Best

adapted to large natural plantings.

.>'a/i.r fragilis. Brittle A\'illow. One of the better ornamental sorts, especi-

ally good if cut back annually allowing the bright yellow shoots to appear

to advantage in the spring coppice.

Salix jyurpurea, Purple Osier. The soft yoimg .shoots of this species have

sometimes been used for basket making It has little or no value as an or-

nomental.

Sal'.v vitellinn aarea, Russian Golden Willow. When allowed to grow,

this makes a sizable tree, about as good as any willow. Like many of the

willows it gives its best ornamental eft'ect if cut back annually or at least

every other year and allowed to grow as coppice. In this way the bright

golden-yellow twigs are conspicuous and attractive, especially in early spring.

It seeiiis well suited also, for an informal hedge.

Samhuru.^ r(ni(i<U'H.fis. A:mericax Elder. A hardy nati\ e species, some-

what coarse in foliage but \ery attractive in blossom. Suited for wild mass

plantings, es'pecially along water courses and l\v small jionds.

Sambucus nicfra laciniata, Cuti.eaf European Elder. A rather showy and

interesting abnormality which should aj^ieal to e\ery collector of freaks.

Sambucus pubens. Scarlet Elder. A fine, hardy native sjiecies suited for

general planting. The blossoms are rather attractive and the red fruits

more so. Adapted to a drier situation than the more common American
elder.
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Sassafras variifolium, Comiwox Sassafras. This sjiecies is nearly at its

iforthern geographical limit in Amherst. From tin;e to time it suffers from

severe winter weather. A few fine large trees forty feet in height were

killed by the severe winter of 1917-18. This is especially attractive for its

beautiful autumn colors. It makes a splendid showing in woodland borders.

Such plantations represent its highest decorative use.

Scladopitj/s verticUlata, Ujibrella-pixe. This beautiful oriental conifer was

early introduced to the campus and the college still has two exceptionally

fine specimens. It is a most attractive novelty and well worth using, either

as a specimen or in general coniferous plantations.

Shepherdia arijentea. Silver Buffalobeury. A rather interesting, hardy,

large-growing shrub with silvery foliage, offering a striking contrast in mixed

plantings. Quite useful in its way.

Sorharia arborea, Tree-spirea. A large lusty-growing shrub witii strong

pinnate leaves and large trusses of gorgeous white flowers. This seems to

be perfectly hardy and worthy of recommendation.

So7'hus americana, American Mountaix-asii. This species is somewliat

less formal and symmetrical than the European mountain-ash and better

adapted to planting in woodland borders and garden borders generally.

Sorbus aucuparia, Ei'ropean Mouxtain-ash. A well-known small tree, in-

teresting and useful for jilanting as single specimens on small grounds. At-

tractive for its fruit.

Spiraea arguta, Garlaxd Spirea. One of the best of the small spireas, of

good habits and good foliage and -fairly attractive flowers. Suitable for gen-

jeral massing and grouping on lawns. One of the first to blossom in the

spring.

Spiraea billiardi, Billiard Spirea. This species has been v idely sold and

used but seems to be less attractive than several of tiie other spireas.

Spiraea bumaJda, Bu."MALnA Spirea. Another \\e]l-kno\\n sj)ecies for \\ liich

one might better substitute something else.

Spiraea heriri/i, Hexry Spirea. A rather tall upright shrub of good foli-

age and an abundance of flowers. Good as a background plant in shrui)-

beries or foundation plantings.

Spiraea latifolia, Pixk Meadow Spirea. A hardy native species suited to

rather moist land.

Spiraea media, Oriextal Spirea. Much like the Henry spirea in all re-

spects, except not so tall, and may be used in like situations.

Spiraea prunifoJia plena, Dot-rle Bridalwueatii. An old favorite and

most attractive when in good health. It is not entirely hardy, however, and

cannot be recommended for general planting in this latitude.

Spiraea tomentosa. Hardiiack. A coarse, tough, hardy native species suit-

able for ])lanting in wild gardens.

Spiraea thunbergi, Tiiuxherg Spirea. One of the most popular, small to

Hiedium in height, of pleasing habit and attractive foliage, which takes on a

fine rich color in autumn. The flowers are somewhat si)arse but pretty. The

whole plant is well worth using in spite of the fact that it is not entirely

hardy. The shoots kill back at the tips nearly every winter, but by removing
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the killed portions it is possible to have fairly good plants at all times. From
the purely decorative jjoint of view this is one of the best of all the spireas.

Spiraea vanhouttei. Vaxhoutte Spirea. One of the most popular and

widely used shrubs in the whole nursery catalog, and indeed one of the

I'est. Perfectly hardy and satisfactory.

Stupluilea trifolia. Aimericax Bladderxut. A rather interesting small tree

or large shrub. Suitable for planting in woodland borders.

Stephanandra flexuosa, Cutleaf Stephaxaxdra. A delicate and attractive

shrub of good form and texture. Very suitable for mass planting on the

lawn and in general park work. Its one defect is a tendency to kill back

at the tips of the branches during the winter. Nearly always the plants need

going over in early spring, cutting out these small dead portions. This de-

fect, however, is not very serious, and the plant is well worth the extra

trouble required.

Si/mphoricarpos racemosus, Comjiox Sxowberry. An attractive small

shrub with graceful habit of growth. Its most pleasing feature consists of a

fine crop of ^^•axy white berries which persist far into the winter. Excellent

for foundation plantings and general use on small lawns.

Si/mphoricarpos vuh/dris, Coralheurv. A hardy, solid, ratlier satisfactory

shrub of moderate height and medium texture. The bright red berries which

persist well into the winter are a feature.

Syringa, Lilac. A considerable number of the hybrid lilacs have been

tested here and found generally ^ery satisfactory, much to be recommended
in preference to the wild, weedy, unselected varieties from the roadside.

Si/r'uKja jdpotilcd, Japax'ese Tree Lilac. This Japanese species has long

been growing on the college campus, the older trees attaining a height of

twenty-five feet. The flowers are borne late in the season in very large showy

clusters, the odor being unfortunately unpleasant. Still this is an ornamental

tree worth using in many collections.

Si/ritii/a pekiiiensis. Pekixc; Lilac. A good, iiardy species, worth a place

in the shrubbery collection. Later in its blossoming period than the more
common species.

Si/rinc/a persica, Persiax Lilac. A fine, strong plant with fragrant flowers

smaller than the conunon lilacs. Well known and always to be reconunended.

Syriiif/a villosa. Late Lilac A strong, hardy shrub of rather upright

growth. Flowers freely considerably later than the ordinary lilac. Unfor-
tunately the blossoms are not fragrant, or at least not agreeably so. Other-

wise this shrub is well worth general use.

Syringa vulgaris, Commok Lilac. Various forms of the common lilac have

always been growing on the college grounds. These are hardy and thorough-

ly satisfactory, not even being troubled by the mildew, or at least not fre-

quently. They are excellent for mass planting in borders, etc., but for fine

ornamental effects they should be replaced with the better hybrid varieties.

Tamarix odessana, Odessa Tamarix. A shrub A\ith tall, slim willowv

branches and feathery green foliage. Rather different and interesting. Xot
entirely hardy.
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Taxus haccttta, English Ykw. Tliis species is not hiirdy liere, and the

golden-foliaged variety is only ))artly so.

Taxus canadensis, Canada Ykw. A hardy, dwarf, ahnost })rostrate, native

evergreen suitable for underplanting in cold situations.

Taxus ruspuhifd ninin. Dwarf Jai'axkse '\'f.w. A sji.ill e\ergrpen satis-

factory for foundation planting and general ornamental work. This seenis

to be entirely hardy here.

Thuja Occident alis, Aimerican Arkohvitai:. This hardy native species has

been frequently used on the college campus for single trees, for windbreaks,

for screen plantings, and for hedges. It is very adaptable for all such pur-

poses, and can be highly recommended. Its chief weakness seems to be that

it suffers from severe drought, especially when a dry autumn is followed by

cold windy weather in ^\•inter.

TUhi (uiiericaua. Ajieuicax Linden. The common American linden or bass-

wood can be grown here, but does not do particularly well. It is worth

keeping in a collection, but as an ornamental tree is far inferior to the

Euroj)ean species.

Tilia phtt jiphiillos, Bigleaf Euuoi'ean Linden. As grown on the campus

this is the best of all lindens, a shapely, fine tree with good foliage and gen-

erally bearing a fine crop of honey-producing flowers.

Tilia vuUjaris, Common Linden. Not quite so good a tree as the preced-

ing and more inclined to an early fall of foliage tiirough insect injury.

TsiKja canadensis, Canada Hemlock. The native American hemlock is one

of the best of all evergreen trees for general ornamental i)lantin2:, for use as

windbreaks, for shearing into hedges, and "even for specimen trees on the

law"n. It should, however, be given a cool soil and situation, preferably a

northern slope. There is a weeping \ariety (var. pendula) interesting as

such novelties go.

Tsuga caroliniana, Carolina Hejilock. This species has been rather fully

tested on the campus in general plantings, as specimens, and in hedge rows.

It shears well and makes a good hedge, and is a first-class addition to the

list of hemlocks, though in general it would not be i)referred to the more

coMuiion Canada hemlock.

rimus americana, Ajierican El:m. The most popular street tree and one

of the best for general park and lawn i)lanting. Quite variable. According

to observations here, the nursery-grown trees are mucii to l)e jireferred to

those collected from the wilds.

Uhnus c(()iip<sfris aure((. Golden English Elm. One fine s])ecimen of this

tree, now nearly fifty years old, is a feature of the college campus. It needs

a little attention in the way of pruning to cut out reverting branches with

o-reen foliage. For a novelty of this sort the golden elm is unusually satis-

factory.

Uhnus (flabra, Scotch Elji. Le.ss symmetrical than the American elm, to])

rounder and more spreading. Interesting by way of variety but far less

valuable than the American species.

Ulmus glabra camperdowni, Ca:mi'erdo\vn Elm. Several .specimens of this

monstrosity have been ]>lanted on the college campus; two or three of these

have done as well as could be exjtected.
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Ulmus japonica, Japankse Elji. This was one of the first specimens brought

over by the Japanese friends of Massachusetts Agricultural College. Three

very good specimens are on the campus, one a fine large tree forty to fifty

feet high, very shapely and symmetrical. From experience here it would seem

that this species is well worth further notice.

Viburnum acerifoHum, Mapleleaf \'iBURNu>r. A fine, hardy nati\e species

valuable for underplanting in woods and generally in shade. Takes an at-

tractive autunm color.

Viburnum carlesi, Fragrant ^'IBuuNUM. Of comparatively recent intro-

duction, this shrub has been carefully tried on the college grounds and proves

to be hardv and satisfactory. The flowers have the fragrance and somewhat

the appearance of the much sought trailing arbutus, and the shrub will al-

ways be prized for this reason. It is a fairly good, medium-sized shrub,

hardy and satisfactory for lawn use.

Viburnum cassinoides, Withe-uod. A fine, hardy native species, good strong-

growing shrub, ten to twelve feet high with heavy foliage and good flowers;

makes excellent masses for heavy mass plantings, esj^ecially along borders.

Viburnum dentatum, Aiikowwood. One of the best of all the viburnums for

general landscape planting. Especially good for borders. The foliage is

clean and bright and the white flowers attractive. Prefers a moist soil.

Viburnum dilatatum, Lin hex Viburnum. A fine, strong, hardy shrub ra-

ther upright in growth, with good foliage and an abundance of beautiful red

berries which hold well into the winter. This is a recent introduction on the

campus, but has shown itself to be highly desirable.

Viburnum lantana, Wayfaring-tree. A coarse, sprawling shrub with large

leathery, gray-green foliage. Excellent for certain kinds of planting, especi-

ally under trees, but not good for grouping on the open lawn nor for speci-

men use.

Viburnum lentago, Nannyberry. A tall, uprigiit-growing, strong native

shrub good for heavy plantings in rather wild surroundings. Not quite so

attractive in habit and flower as some of the other viburnums.

Viburnum opulus, European Cranberrybush. This species was formerly

very popular and widely planted on private grounds. It is much subject to

the attacks of aphis, however, and does not seem to be so good as other vi-

burnums for general planting.

Viburnum sargenti, Sargent Cranberrybush. This is the Asiatic repre-

sentative of the group which includes V. opulus of Europe and V. americana

of the Western Hemisphere. In habit of growth, foliage, and flower, it is

strikingly like F. opulus and should receive like consideration.

^^ib^lrnum sieboldi, Siebold Viburnum. A large sturdy shrub with attrac-

tive light green foliage and abundantly floriferous. Reputed to be es])ecially

attractive when in fruit. The one plant on the campus has never fruited.

It proves perfectly hardy and worthy of consideration in plantings.

Viburnum tomentosum, Doublefile Viburnum. A strong, lusty, large-

growing, spreading or round-topped shrub with coarse, strong foliage, and

bearing broad, flattened clusters of showy white blossoms. One of the hardi-

est and most striking of the viburnums and highly useful for general land-
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scape planting. As this is a Japanese species, however, it might be better

to use native Americnn Korts for strictly natural effects.

Viburnum tomenfosum plicatuTn, Japanese Snowball. Tiie variety of the

foregoing which has flowers in a large round cluster like a popcorn ball.

Formerly this was rather po])ular, but in general it is not so good as the

doublefile viburnum.

Viburnum venosum. Veiny Viburnum, ^'ery like dentatum in liabit of

growth and character of foliage and flowers though somewhat coarser. Its

special attraction is the abundance and bright blue color of its fruits in

autumn. It is fully hardy.

T'/»ca minor, Common Periwinkle. A low-growing or prostrate hardy

vine, very tolerant of adverse conditions; will grow in shade or sun and on

dry or arid land. It is especially useful for ground cover in difficult situa-

tions.

Vitis labrusca, Fox Grape. The native fox grape is hardy and may some-

times be used for purposes similar to the following species, though in general

its ornamental value is considerably less than that of the riverbank grape.

Other native species of grapes are satisfactory for landscape use in much the

same way as suggested below for the riverbank grape.

Vitis vulfina, Riverbank Grape. A fine hardy, native vine, excellent for

general planting on pergolas, fences, or arbors, and very satisfactory for

growing over stone walls, cut banks, and similar positions.

Weiffela rosea, Pink Weigela. A medium-sized, round-topped, neat hardy

shrub with good, showy flowers. They are generally quite popular for orna-

mental use on small lawns and similar home surroundings. They make fairly

good foundation plantings. Most of the plants on the campus are of the

composite group commonly listed as ir. hybrida—of uncertain parentage and

great variation in foliage and flower characters.

Wisteria floribunda, Japanese Wisteria. A strong hardy vine and popu-

lar. Suitable for all sorts of locations where a heavy climber is desirable. In

this locality the species is particularly difficult to flower. While this disin-

clination toward flower-bearing seems to characterize the species widely,

there is apparently a tendency for it to be much more floriferous along the

seashore. Many suggestions have been made about bringing this vine into

better flowering habits, by pruning or change in feeding; but while some of

these methods have been tried here none has given satisfaction.

Zanthorhiza apiifolia, Yellowroot. A dwarf shrubby plant, very hardy and

permanent, suitable for underplanting, for the margins of shrubberies, and

especially for holding banks against washing. Flowers inconspicuous, but

foliage clean and particularly good.

Zanthoxylum americanum, Common Pkickley-ash. A hardy native species

of some value for garden and park planting, though seldom included in

nursery catalogs.

Publication of this Document approved by the Commission on Administration and

Finance.
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The economical use of the large surplus of milk produced during the

early summer months is one of the major problems which annually con-

fronts the dairy industry. In recent years an appreciable part of

this surplus has been stored as frozen sweet cream. This study was

imdertaken to determine the most satisfactory method of utilizing the

product in the manufacture of ice cream.
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FROZEN SWEET CREAM AS AN INGREDIENT OF
ICE CREAM

By M. J. Mack'

Assistant Professor of Dairy Industry

INTRODUCTION

The seasonal variation in milk production has always been a serious

problem confronting the dairy industry. In New England there is in-

variably a large surplus of milk and cream in May and June, while

September, October, and November are usually the months of lowest

production. Any satisfactory method of storing milk products during

periods of surplus, for use during months when the demand is greater

than the supply, is of economic importance to the producer, the consumer,

and the manufacturer of dairy products.

Condensed and evaporated milk, milk powder, and butter are common
.storage products rich in milk solids. The problems of manufacturing and

handling these products have been fairly definitely worked out. The
storage of cream in the frozen state has also become a relatively common
practice in recent years. The fact that very little investigation has been

reported regarding the handling and use of frozen cream indicated a

need for the study of this product as an ice cream ingredient.

PREVIOUS INVESTIGATIONS

Some experimental work has been reported regarding the keeping

quality of frozen cream. Dahle (1) states: "The quality of the initial cream

before freezing and the storage temperature are the important factors

cbntributing to the quality of ice cream made from frozen cream. When
a surplus of cream of uncertain quality is to be disposed of, it is better

to make it into unsalted butter for storage than to store it as frozen

cream. Fresh sweet cream, frozen and stored at 5° F. for four months,

afforded as good a source of fat for ice cream as unsalted butter made
from the same source of cream and stored under identical conditions."

Ellenberger and White (2) show that frozen sweet cream of good

quality, pasteurized at 14-5° F. for 30 minutes and held at—10° to 10° F.,

was "almost as good after 6 months as when fresh," when stored in good

(juality granite ware or in lacquered S-jiound butter storage cans. That

.'•tored in well-tinned cans kept well but lacked "the pleasing fresh cream

flavor." Cream not pasteurized was of inferior keeping quality. Cream
stored in cans having rusty iron spots (1.0 per cent of the container

surface) was reported as being metallic in two months. Cream exposed

to copper before freezing became unfit for use in two months (metalFic).

High pasteurization temperatures of 180° F. for 30 minutes were reported

as being unsatisfactory. These workers also state that acidity develop-

ment of O'.l.'j per cent caused frozen cream to become unfit for use in

two months.

^ Acknowledgment is due Stephen Adams and Huntington Kutan for their help in

securing a part of the freezing data.
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Newlander and Ellenberger (3), in tlie same annual report, state that

frozen cream from fresli cream of initial high quality, testing 40 per

cent fat, after 9 months of storage at 0° F., made a 20 per cent cream

of good flavor e(jual to the cream made from butter oil stored under the

same conditions.

Tracy (!•) found it possible to store fro/.en creaiu at low temper;itures

for three and one-half months without "greatly affecting the flavor of

the butterfat." He found that high-testing creams kept better than low-

testing creams. Pasteurized cream was found to keep better than raw
cream, and that with reduced acidity showed less deterioration than

cream with normal aciditv. Paraffined paper containers were found to

be satisfactory if air was excluded. Cream exposed to the air soon

acquired a bitter flavor. Rusty cans were reported as causing a metallic

flavor. Tenqieratures below 0° F. were found to be more satisfactory

than higher tenqjeratures.

In the same investigation, Tracy also reports that concentrated ice

cream mixes were stored in the same nuinner as the frozen cream. In

comparing ice cream mixes made from frozen cream, frozen condensed

mix, and unsalted butter, all from the same lot of cream and stored for

four and one-half months, that from frozen cream ranked first in quality.

In the previous investigations with frozen cream, factors aft'ecting the

keeping quality of the product were studied and their effects established.

However, no attention was given to the effect of this ingredient on the

physical properties of the ice cream mix. In this investigation, the first

consideration has been to compare fresh and frozen cream mixes as to

their relative viscosity, rate of freezing, microscopic appearance, etc.

Different methods of treating the cream previous to freezing have been

studied. Some data have also been collected on the keeping quality of

frozen cream.

EXPERIMENTAL PROCEDURE

The mixes were tested for fat and total solids by the Mojonnier method.
The composition varied within narrow limits and averaged 11 per cent

fat, 10 per cent serum solids, 1-5 per cent sugar, and O.-t per cent gelatin.

The milk products used were either fresh or frozen cream, skim milk, and
skim milk powder. The ingredients were pasteurized at 145° F. for 30
minutes. The mixes were homogenized at the pasteurization temperature
at a pressure of 2,500 pounds per square inch, immediately cooled to 45°

F., and then held for 24 hours at 40° F. before freezing.

The initial cream used for frozen cream was of the same quality as that

used in the sweet cream mixes. No off flavors or odors were apparent.

The acidity range, expressed in terms of lactic acid upon titrating with a

tenth normal solution of sodium hydroxide, varied from 0.10 per cent to

0.13 per cent. When cream was homogenized or sugar or gelatin added
before freezing, a quantity of cream was divided into two equal parts.

Both were treated identically except for the factor being studied. All

batches of cream tested 40 per cent fat or nmre and all were pasteurized

I)revious to freezing.

Viscosity readings were made with 100 c.c. sanqjles of the mix after
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24 hours, using tlie MacMichael viscosiiiieter. Readings were made with

a No. 30 wire and the disc bob. The cup was rotated at the rate of 19.1

r.p.m. Readings were taken when the mix temperature in the cup reached

68° F. All readings are stated in degrees M.

The fat globules and clumps were measured using an ocular micro-

meter disc standardized with the microscope so adjusted that each of the

smallest divisions represented 1.35 microns. One c.c. of the mix was

diluted with 99 c.c. of distilled water and mounted as a hanging drop

preparation.

All mixes were frozen in a 40-quart standard motor-driven brine freez-

er. The freezer was always pre-cooled by freezing a preliminary batch

before any data were recorded. The percentage of overrun and tempera-

ture of the ice cream were secured at minute intervals during the freezing

process. The brine was shut off at such a time that all batches were

frozen to approximately 24° F. A brine held at 0° F. was employed.

All data represent an average of at least five different trials on differ-

ent mixes. Where differences were not marked, a larger number of

trials were made. In only one case, which will be mentioned later, 3Td

contradictory results occur.

EXPERIMENTAL RESULTS

This problem was attacked by first comparing mixes made with sweet

cream as the entire source of fat with those differing only in that frozen

cream was substituted for sweet. Then the effects of the rate of melting

tht frozen cream and of the length of time in storage were established.

Following this, an attempt was made to find a way of freezing cream so

that its properties in ice cream mix would be more like those of fresh

cream. In this part of the work, cream was either homogenized previous

to freezing, frozen with 10 per cent sugar, or frozen with 0.5 per cent gela-

tin. Plain pasteurized frozen cream was used for the control batches.

The data in Table 1 are a summary of all the viscosity determinations

and microscopic measurements of the fat phases. Figures 1, 3, 4, and 5

were compiled from freezing data collected from the same mixes as

represented in Table 1. Therefore, correlations may be made between

the table and figures. It should be realized that all observations were

made on ice cream mixes of the same composition. Where gelatin or

sugar was added to cream before freezing, this was taken into account

and proper adjustments were made in the amounts of these ingredients

v/hen the mixes were prepared.

The Physical Properties of Frozen Cream Mixes

Table 1 and Figure 1 show the marked differences between mixes made
from sweet and frozen cream. The frozen cream mixes averaged more

than twice as viscous, according to the method used for comparison.

Both the individual fat globules and the clumps were smaller in mixes

made from sweet cream. A marked difference in freezing time was

found. The sweet cream mixes could be drawn at 95 per cent overrun,

and at a drawing temperatures of 24° F., in approximately two and one-

fourth minutes less time than frozen cream mixes.
9
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Figure 1. The Influence of Sweet Cream and Frozen Cream on the Whipping
Properlties of Ice Cream Mixes.
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The fat globules and clumps were fairly uniform in size in sweet cream

mixes. The greater number fell very close to the averages given in

Table 1. This was not true of frozen cream mixes. Here wider varia-

tions were found, with some globules and clumps considerably larger than

the average. This may have been caused by the fact that in frozen

Table 1.

—

The Effect of Frozen Cream, Treated in

Viscosity, Size of Fat Globules, axd Size of Fat

when Used in Ice Cream Mixes

(Average of five or more trials)*

Average
Mix Description of Viscosity Globules Size of

No. Cream Used in Mix of Mix Measured Globules

°M. Number Microns

A 1 Pasteurized sweet

cream 64 125 1.10

2 Frozen cream 136 89 1.35

B 1 Frozen sweetened

cream (10% sugar) 183 161 1.21

2 Frozen cream 204 197 1.35

C 1 Frozen homogenized
cream (1000 lbs.

pressure) 150 219 1.35

2 Frozen cream 135 125 1.37

D 1 Frozen gelatinated

cream (0.5% gelatin) 182 148 1.24

2 Frozen cream 171 187 1.39

* In interpreting this table, comparisons should be made
under each group.

Different Ways, on
Globule Clumps
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cream, after melting, tlie fat was no lonjier jiresent in its original jihysi-

cal form. After frozen cream was melted, the greater number of fat

globules were present in aggregates of such size that tliey could easily

be observed. For this reason, less efficient dispersion during homogeniza-

tion resulted.

That the whipping ability of mixes is partially lost when frozen cream

is used as the source of fat was found to be true. In a typical trial

with a sweet cream mix, the maximum overrun obtainable was found to

be 130 per cent and was secured in 13 minutes. After 3 minutes at this

overrun, the percentage began to decrease. In the case of a frozen cream

mix of the same composition, a maximum overrun of only 118 per cent

was secured after 19 minutes in the freezer.

Rate of Melting Affects Freezing Time

The rate of melting frozen cream has an effect on the whipping prop-

erties of an ice cream mix made from it. With the exception of this

part of the study, frozen cream to be used was allowed to melt slowly

at room temperatures. The practice of wetting the outside of the cans,

so as to prevent a layer of frost from forming, was found to help some-

what. In this part of the experiment, frozen cream mixes made from

cream melted in the above manner were compared with others containing

frozen cream melted rapidly. In the latter, frozen cream was placed

directly in the pasteurization vat and heat was applied.

Figure 2 shows that melting tlie cream slowly was more satisfactory.

The mixes made from cream melted slowly reached 9.5 per cent overrun

Figure 2. The Effect of the Rate of Melting Frozen Cream on the Wliipping

Properities of Ice Cream Mixes.
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fully a minute quicker tlian those containing cream melted rapidly. This

may have been caused by the fact that rapid melting caused the fat to

melt and "oil off". Disturbing the fat phase to this extent may account

lor the slower whipping of these mixes.

The length of time frozen cream remained in storage had no apparent

effect on the whipping time of mixes made from it. This was apparent

when mixes containing frozen cream six months old were compared with

others containing frozen cream less than one week old. Both groups of

mixes whipped in essentially the same time.

Treating Cream Before Freezing

Frozen cream, when melted, was found to be viscous and flaky in

nature. The fat globules were present as small granules. The forma-

tion of large ice crystals was thought to be the cause of affecting the fat

phase, and possibly the stability of the proteins. Therefore, the idea

presented itself that if cream were treated so that small ice crystals

formed during storage, better results might be obtained. It was thought

that homogenization of the cream before freezing, or adding gelatin or

sugar, might insure the formation of smaller crystals. Accordingly cream

was frozen which previously had been homogenized at 1,000 pounds pres-

sure per square inch. Other lots were frozen containing either 10 per

cent sugar (sucrose) or 0.5 per cent gelatin.

Figure 3. The Effect of Homogenizing Cream Before Freezing on the Whipping

Properties of Ice Cream Mixes.
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Results with Frozen Homogenized Cream
In Table 1 it may be seen tliat homogenizing cream before freezing

caused the resultant mixes to be of greater viscosity. The size of the

fat globules and clumps, however, was little different from measurements

made with the control batches. Figure 3 shows that mixes made from
frozen homogenized cream reached 90 per cent overrun after approxi-

mately one minute more time in the freezer. The higher viscosity of these

mixes as compared with ordinary frozen cream mixes was thought to be

the cause of their slower whipping. The melted frozen homogenized
cream also was more viscous than untreated frozen cream.

Figure 4. The Effect of Adding 0.5 Per Cent Gelatin to Cream before Freezing

on the Whipping Properties of Ice Cream Mixes.
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Adding Gelatin Before Freezing Cream

Adding 0.5 per cent gelatin to cream before freezing was of some bene-

fit, as Table 1 and Figure 4 show. Mixes containing frozen gelatinated

cream were somewhat more viscous than the controls, but the fat glob-

ules, as well as the clumps, were smaller. These mixes whipped somewhat

better than those containing plain frozen cream as the source of fat, al-

though the difference was not marked. Evidently gelatin does protect

cream to a limited extent against some of the pliysical changes caused

by freezing.
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Figure 5. The Effect of Freezing Cream with 10 Per Cent Sugar on the

Whipping Properties of Ice Cream Mixes.
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Effect of Freezing Cream with Sugar

A marked improvement resulted when cream was frozen with 10 per

cent sugar by weight. The data in Table 1 and Figure 5 show a marEed
difference between frozen sweetened cream mixes and the plain frozen

cream mix controls. The viscosity of these mixes was less than that of the

controls, and the fat globules and clumps were uniformly smaller. A
marked improvement in whipping was found in the frozen sweetened

cream mixes, one and one-half minutes less time in the freezer being re-

quired to obtain an overrun of 95 per cent.

Other advantages of freezing cream with sugar were apparent. The
cream melted much more rapidly than plain frozen cream, due to its

lower freezing point. The frozen sweetened cream was low in viscosity,

free from noticeable butter granules, and uniform in texture. The prod-

uct was more like fresh cream than any of the other frozen creams.

Another factor of importance was the improved flavor of frozen sweet-

ened cream mixes over the controls. When samples were submitted to

judges so that the identity of the ice cream was unknown, 80 per cent

chose the ice cream containing frozen sweetened cream in preference to

that made from plain frozen cream. The remaining 20 per cent could see

no difference. Possibly the presence of sugar prevents a slight oxfda-

tion and in this way partially prevents flavor deterioration.

Observations on Flavor

In this experiment, two different storage rooms were available, one
averaging 10° F., and the other —5° F. Frozen cream stored in the
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former for four inontlis was equivalent in flavor to that carried six months
at the lower tenii)erature. This is in agreement with previously pub-

lished work (1) (-}). Cream of the quality used in this experiment was

still suitable for use as the entire source of fat in ice cream mixes after

six months storage. These mixes lacked a full, creamy flavor but carried

no noticeable off flavor.

It was noticed that wlien the frozen cream began to go off in flavor,

this deterioration increased rapidly in intensity. In view of this fact, the

practice of storing cream for periods longer than six months would be

unwise. Storage periods shorter than six months are recommended.

DISCUSSION OF RESULTS

No complete explanation can be oft'ered for the slower whipping of

frozen cream mixes as conqiared with the fresh cream mixes. It Tiiay be

that the higher viscosity and larger fat globules and clumps may not be

the cause but may themselves be the result of other changes which also

affect the whipping properties of the mixes.

Applying the protein stability test used by Doan (5), the proteins in

frozen cream mixes were found to be less stable than in sweet cream mixes.

Between (i and 6.-5 c.c. of 92 per cent ethyl alcohol were required to

precipitate the proteins in 5 c.c. samples of frozen cream mixes, sweet

cream mixes requiring about 7.5 c.c. Further information indicating that

freezing tends to aft'ect proteins has been reported by Anderson and

Pierce (6).

Of the different methods studied for storing frozen cream, freezing

with sugar is to be recommended if the cream is to be used in ice cream.

The lower viscosity, better whipping properties, and better flavor of

frozen sweetened cream mixes over plain frozen cream mixes, more than

offset the slight extra cost of storing cream in this way. In an address.

Price (7) reported that preliminary investigations indicate that 1-5 per

cent sugar is the optimum amount to use in frozen cream.

Although only a slight improvement was secured by adding gelatin to

pasteurized cream before freezing, the results were all in agreement.

This was not true with frozen homogenized cream. Here contradictory

results occurred, hence the data reported are truly averages rather than

indications of a typical set of results. In no case were variations from

the control nuirked.

An examination of the data shows a relationsiiip between the rate of

whipping of mixes and the viscosity. With the exception of the frozen

gelatinated cream mixes, the more viscous mixes whipped more slowly.

There is a tendency for mixes having the smallest fat globules and clumps

to whip most rapidly. The frozen gelatinated cream mixes were again

the exceptions. Little difference existed in the size of fat globules and

clumps between the frozen homogenized cream mixes and their controls.

The practice followed in some ice cream plants of using frozen cream

in combination with fresh sweet cream seems advisable. In this way

a better whipping mix results. Also there is less danger of imparting oft"

flavors to the finished product.
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SUMMARY AND CONCLUSIONS

1. The storage of frozen cream is a satisfactory method of liandling

surplus cream for later use in ice cream.

2. The quality of frozen cream depends upon its initial quality, the

length of time in storage, and the storage temperature. Holding periods

of less than six months and storage temperatures below 0° F. are recom-

mended.

3. The whipping properties of frozen cream mixes were partially lost.

They required a longer time in the freezer to reach a definite percentage

of overrun than sweet cream mixes and showed a lower maximum overrun.

4. Frozen cream mixes were higher in viscosity than sweet cream

mixes and contained slightly larger and more irregular-sized fat globules

and clumps.

5. Ice cream mixes containing cream frozen with 0.5 per cent gelatin

whipped but little better than plain frozen cream mixes.

6. Homogenizing the cream before freezing did not improve its prop-

erties for ice cream making.

7. Freezing cream with 10 per cent sugar was the most satisfactory

method studied for storing frozen cream for later use in ice cream. The
frozen sweetened cream melted more rapidly than plain frozen cream, was

lower in viscosity and much more uniform in body. Ice cream mixes

made from frozen sweetened cream were superior in flavor to plain frozen

cream mixes, whipped considerably faster in the freezer, were lower In

viscosity, and contained smaller fat globules and clumps.

LITERATURE CITED

1. Dahle, C. D. 1927. Frozen cream as a source of fat in ice cream.

JPenn. Agr. Expt. Sta. Bui. 213.

2 Ellenberger, H. B., and White, H. L. 1929. The keeping quality of

stored dairy products— I. Metallic flavor in frozen cream. Vt. Agr.

Expt. Sta. Bui. 299.

3. Newlander, J. A., and Ellenberger, H. B. 1929. The keeping quality

of stored dairy products—2. Comparative keeping quality of cream,

butter, and butter oil. Vt. Agr. Expt. Sta. Bui. 299.

4. Tracy, P. H. 1930. Storing milk products for ice cream. Creamery
and Milk Plant Monthly, Vol. 19, No. 2.

5. Doan, F. J. 1930. Protein stability affected by homogenization of

mixes. Ice Cream Rev., Vol. 13, No. 8.

6. Anderson, E. 0., and Pierce, R. L. 1929. Some chemical changes in

frozen milk occurring in storage. Milk Dealer, Vol. 18, No. 12.

7. Price, W. V. 1930. Sweetened frozen cream for the manufacture of

ice cream. Address, annual meeting of the American Dairy Science

Assoc.

t'ublication of this Dopuinpnt Approved by Commission on Administration and Finance

3 m-l-'31. No. 842.





1/

Massachusetts

Agricultural Experiment Station

Bulletin No. 269 December, 1930

Packaged Ice Cream

By K. E. Wright

There are distinct advantages to be gained by the adoption of the factory

prepared and sealed package for ice cream—it is more sanitary, easier to

handle, and there is no shrinkage in merchandizing. However, because of

a belief that it contains less ice cream and that of a coarser texture, there

is a prejudice against this product. This bulletin describes the objections

that are raised to the factory filled package of ice cream and suggests

methods for improvements.

Requests for bulletins should be addressed to the

AGRICULTURAL EXPERIMENT STATION

AMHERST, MASS.



PACKAGED ICE CREAM

By K. E. Wright, Assistant Research Professor of Dairy Industry

The Status of the Two Types of Packages

The popularity of the store-filled package is shown in a recent survey

(6) in Boston on the subject of consumer preference for packaged ice

cream. The results show very strikingly that the overwhelming (three to

one) majority of people interviewed expressed a preference for the hand-

or store-filled package of ice cream. Of the people stating this preference,

the majority gave as the reason that the bulk ice cream was better in

quality—tasted better or seemed to have richer flavor or was fresher. Of
those who did prefer the plant-filled package, more than half stated that

the ease of serving and handling was the reason for their preference. Only

a third of this class mentioned sanitary condition as a reason for their

clioice.

On the other hand, another survey in a diiferent part of the country

showed that a slight majority preferred plant-packaged ice cream because

it was more sanitary, while the minority chose store-filled packages because

ot the greater weight received. The fact is significant that one manufac-

turer who raised his package sales to 50 per cent of his total output

experienced a serious drop in sales because the public found that they

were not getting as much for their money in the factory-filled product.

It is therefore quite evident that it is the difference in quantity and

quality and not merely custom that is the cause for the slow adoption of

plant-packaged ice cream.

Because of the fact that the dealer has to stand the loss of shrinkage,

it is quite reasonable to expect that tlie method of dipping would be

most unsatisfactory to him. As a residt, considerable study has been

carried on in an effort to decrease the dipping losses incurred in filling

packages by hand. In general the results of such investigations have

shown that, because of the human element involved, dipping can never

be satisfactory as a means of accurate merchandizing unless the practice

of weighing is established.

In getting at the faults of factory-packaged ice cream, the amount of

the difference in weight of the two types of packages was determined in

a survey by Judkins (2), who found the average weight of the dipped

pint to be 14.2 ounces and the net average weight of the factory-filled

pint to be less than 10 ounces, or a difference of over t ounces. This

difference still exists, as shown by the Boston survey (6). The difference

in quantity is, then, quite obviously at least one very good reason for

preferring the dipped to the factory-filled package. The light weight of

the factory-filled pint is particularly noticeable when four persons are to

be served, as has been the custom from a pint of the store-filled ice cream.

Thus because a party of four is a customary number as well as a more
typical number than three, it is apparent that it would he advisable to

consider this demand.
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Further, tlie greater nunilier of servings made possible through the

increase in weight resulting from reduction in overrun makes for greater

economy of refrigeration space. This economj' of space would allow room
for more flavors, which is very desirable according to the Boston survey.

Correction of Weight Objections

Several measures have been adopted by ice-cream manufacturers to

overcome the weight faults of the plant-filled package. Many have met
the difference in weight by granting a reduction of five cents per pint in

price. A large number of plants are now drawing packaged goods at

about 70 per cent overrun, although this amount still keeps the weight of

a pint at 10.7 ounces net, or more than 3 ounces lighter than the average

dipped pint as shown by Judkins (2). Other manufacturers are increas-

ing the fat content and so tend to give more nearly the satisfaction

normally experienced in the heavier dipped product. These factors, to-

gether with the reduced price, should go a long way toward meeting the

weight objection. However, it seems that the recommendations for an

overrun of 50 per cent, made in an earlier report of this investigation (8),

will simplify the procedure still further. A standard of 50 per cent over-

run results in a product equal in weight to a carefully dipped hand-filled

package weighing about 12.3 ounces. This weight should be sufficient

to meet the quantity objection and would make price cutting unnecessary,

a practice which might in itself convey to some the idea of inferior

goods. The figures obtained from the Boston survey (6) confirm the

importance of the defects in the product which have been the activat-

ing motive of this investigation: namely, light weight and poor quality.

Flavor Defects

Although the consumer may not be versed in the exact technical method
of describing ice-cream quality, the trade itself has observed that the

quality problems of its packaged goods often arise in the form of old

flavors and coarse texture. There is also the possibility that because of

its light weight, the factory-filled product may be considered poor in

quality. The freshness of flavor in the factory-filled product as com-
pared with the dipped product lies with the dealer and to some extent

with the manufacturer. The latter should not permit the dealer to be-

come overstocked and should also assist the dealer in keeping his stock

rotated so that the oldest product is sold first, as is essential in any well

regulated hardening room.

Texture of Packaged Ice Cream

One very possible source of poor texture lies in the fact that a smooth
product cap become coarse by repeated heat shock. It has been observed
in the industry that by the time the package has been transferred from tRe

hardening room to the truck and then to the dealer's cabinet, it may often

reach a temperature of 15° F. if the cabinet lids have been frequently

removed. Then there follows the daily rechilling :>nd warming, with a
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range of about 10° F., until the package is sold. The above conditions,

howe%er, are coming to be a less serious factor with the general replace-

ment of ice and salt by electric refrigeration and the use of dry ice in

transportation. Commercial practice has also shown that dry ice trans-

portation relieves the necessity of returning unsold goods to the hardening

room each day and so eliminates the possibility of one or more heat shocks.

As a result of observations made of packaging operations, the conclu-

sion was reached that the principal source of poor texture was the condi-

tions surrounding the initial crystallization of the ice cream, particularly

those affecting the temperature of the package before it is placed in the

hardening room. However, in order to give proper emphasis to the im-

portance of the initial hardening temperature, it is necessary to modify
certain opinions concerning the importance of tiie rate of freezing in

the freezer.

Initial Hardening Temperature Important

Although it has been regarded that stiffness of mix and the rate of

freezing are important, no definite range has been fixed for these factors

other than their practical limitations. The effect of brine temperature on

the rate of cooling of the mix is shown in Figure 1. It will be noted

that the difference of 20° F. in brine temperature caused the mix to cool

but twice as fast, or about 1° F. per minute at the point where the first

crystallization would take place. A comparison of ice cream frozen with

brine of the two temperatures showed that there was no appreciable

difference in texture if samples were drawn from the freezer at the same
consistency. It is evident that low temperatures were far more significant

in shortening the time of freezing than in improving the texture. Even
as a means of hastening the process of freezing, the use of extremely low

brine temperatures is questionable, for unless the brine is shut off at the

exact fraction of a second required, the mix may be so stiff that extra

whipping will be necessary to prepare it for drawing.

The question then remains, what is the most significant factor to be

considered? The drawing temperature of ice cream is extremely import-

ant as evidenced by the fact that most of the current trade literature

emphasizes the significance of a low drawing temperature or a stiff mix

in referring to texture. In this investigation numerous series of samples

were frozen to varying degrees at the freezer and then were chilled in

the hardening room. As the temperature was lowered in the freezer to

a rather definite "critical point" below the freezing point of tlie mix, a

gradual improvement in the texture of the finished ice cream was noted.

Below this "critical point" there was no appreciable improvement. The
maximum temperature allowable before hardening was about 25.5° F.

for the mix used in this study, which contained 12 per cent fat, 10 per

cent serum solids and 15 per cent sugar, with 0.35 per cent of 250 Bloom
gelatin.

The "critical point" temperature is therefore the point at which the

maxinmm number of crystals are formed and are consequently small, thus

making for a smooth texture. In terms of crystallization this point ,

appears to be the point of saturation favorable to the greatest number
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Fig. 1. Influence of Brine Temperature on Overrun and Temperature of Mix During

Freezing Process.

^ Af}Nivm
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of crystal centers, known as the Labile range. Since the "critical point"

refers only to the maximum allowable temperature of the product when
placed in the hardening room, it is essential to draw the ice cream at a

temperature low enough to allow for a slight rise in temperature during

handling. The neglect of this point is very probably the cause of poor

texture in many instances. Observations in commercial plants as well

as in the laboratory showed clearly that when ice cream was allowed to

become "soupy" or softer than mix at the "critical point" temperature,

the texture was always coarse.

Observations made by Turnbow (5) are in close agreement with the

above conclusions. His results based upon microphotographic observa-

tions showed that there was no enlarging of crj'stals in ice cream when
initially frozen to about 26° F. or lower for a similar mix. Thus His

data correspond to observations made independently in this study. From
the results of the investigations at this Station (8) and those of Turnbow,

the indication is that the small size of the crystals is primarily dependent

upon fairly rapid supercooling to the labile or "critical point" which

is the optimum range for spontaneous formation of crj^stal centers. Thus

the crystals formed above the "critical point" are large because in the

metastable range—above the labile but still below the freezing point

—

there are but few nuclei formed. Therefore it is highly essential, and

here is the answer to our question, that the temperature of a semi-soft

ice cream should not rise above the labile or "critical point" because

centers or nuclei formed will redissolve, reducing the number of nuclei

and thus making for large rather than small crystal formation.

As would be expected from the foregoing, carelessness in allowing

too much time to elapse, with consequent warming of the mix, between

the drawing of the package and its entry into the hardening room is

a common cause of coarseness. The failure to chill hoppers also con-

tributes to M'arming of the product and so is another item influencing

texture, as is also the fact that some packaging machines do not function

as rapidly as desired with mix of the proper stiffness. It was also ob-

served that in filling pans for brick packages, the mix became too soft

in filling third portions because of the long time required to empty the

freezer. Still another condition favoring the development of coarse ice

cream arises whenever the scraper blades are very dull or out of align-

ment. Here it was found that the overrun was reached before the mix

was sufficiently cooled.

Those who would have their Dixie cups or similar containers thought

of as sample portions of their goods should use extra care in filling these

containers by not allowing the mix to become too soft, and so avoid

coarse texture. Because of their small size, these cups appear to warm
up faster. Here, if the rate of cooling in the hardening room was very

significant, the rapid freezing possible because of their size would in turn

also cause a smooth texture to result.

Some have offered the opinion that the paper container at room tem-

perature was sufficiently warm in itself to warm the product enough to

affect the texture. Attempts to verify this in the laboratory showed that

this effect alone was not serious. It is estimated that 400 calories of heat

are taken up by filling a pint carton of ice cream from the freezer. This

is for a carton at room temperature, weighing about 40 grams with an
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assumed specific heat of 0.5 calories per gram. The approximate theo-

retical rise in temperature of a 10-ounce quantity of ice cream would be

about 3.6° F. or enough to melt about 5 grams of ice. However, because

of the extremely slow conductivity of a semi-frozen ice cream, only a thin

layer next to tlie carton is aflfected. It is probable that this melted film

is the cause of a slight shrinkage that is experienced in packaging a given

lot of ice cream from the freezer. Although this. film of melted cream
would be expected to form an icy outside layer, it is not noticed by the

consumer because it is the first to melt. The slow rate of heat transfer

which takes place in a pint size package is shown in Figure 2, made from
temperature readings taken from the inner side of the carton and at the

center of pint samples drawn at the temperatures shown by the first

center temperature readings.

Fig. The Rate of Cooling of Pint Packages of Ice Cream in the Hardening Boom
at 4." r.

20

I

I

I



202 MASS. EXPERIMENT STATION BULLETIN 269

initial crystal condition before hardening is important, otherwise the

center of the paclcage Mould be noticeably rougher than the outside.

Along with this fact the results of the following experiments may be

considered. A pint package of cream from the freezer was placed in

the hardening room immediately after drawing, along with another sam-

ple enclosed in an insulated jacket in which it is evident that the cooling

would be very slow. _The fact that no diiference in texture could be

observed as a result of the two methods of hardening again points to

the idea that the crystal structure is determined to a very large extent be-

fore hardening.

Influence of Fat on Texture

In addition to the enriching value of butterfat as earlier mentioned,

its effect in improving texture is probably as permanent as any single

factor. The padding effect of the fat against the ice crystals is so great

that it largely covers up the difference in crystal size. It is possible that

the fat actually retards the crystal growth. An example of this action

of fat is shown bj' the great difference in the texture of a sherbet frozen

by the old brine freezer and in the new continuous freezer, as compared

with the far less noticeable difference in texture of a 14 per cent fat ice

cream frozen by the two types of freezers.

Effect of Gelatin on Texture

A small amount of gelatin is very frequently used to impart greater

smoothness to ice cream. The gelatin combines with a portion of fhe

water to make it less available to crystal formation and at the same time

the gel so formed protects the crystals that do form so as to give greater

smoothness.

In the attempt to improve texture, gelatin was given special study (9).

The use of 0.35 per cent of high-strength gelatin (250 Bloom) gave a

product of the desired smoothness, while 0.4 per cent gelatin imparted a

slightly soggy body to the product. The influence of gelatin is closely

associated with aging, inasmuch as mixes containing gelatin are the only

ones characterized by a marked increase in viscosity. Starting with the

theory that gelatin gel particles are built up from single molecules of

gelatin which cause develoj^ment of viscositj' according to the rate of

cooling, experiments were conducted which resulted in an explanation

for the behavior of gelatin in the aging of ice cream. Briefly, the aging

of gelatin in ice cream is the process of the gelatin particle or crystal

formation and subsequent gel structure growth. Very rapid cooling

of the ice cream mix as normally conducted is unfavorable to crystal

growth because the gelatin is in a state of a supercooled melt which does

not allow for molecular activity. Thus solidification cannot take place.

In this condition of retarded molecular activity there is no heat of fusion

liberated. Without this liberation there cannot be an equilibrium between

the energy produced and the change of state. However, a slow cooling

.iust below the melting point of gelatin results in a subdued molecular

activity, permitting the molecules to collide and adhere to form particles

\1
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and aggregates, or the solid state. Thus the aggregation at the warmer

temperature (below 98° F., the melting point of gelatin according to

Oakes and Davis (3)), results in particles large enough to impart addi-

tional viscosity to the mix as well as apparent viscosity due to the ad-

hesion of these particles. From this conception of gel formation it is

not difficult to see how mixes of various viscosities may be made simply

by controlling the rate of cooling. Experimental evidence of these prin-

ciples is shown by cooling portions of skim milk solutions of gelatin from

various initial temperatures to 40° F. by holding the portions in a cooler

at this temperature for 2}. hours. The viscosity results obtained from
such a series are shown in Figure 3. The graph shows that there is a

marked increase in viscosity as tlie initial aging temperature is raised

to over 80° F. These and all other viscosit.v results obtained were taken

after vigorous agitation was given to the material to destroy apparent

viscositv structure.

Fig. 3. Effect of Initial Aging Temperatures on Viscosity of 0.5 Per Cent Gelatin

in Skim Milk.

80 foo 120 m m

Various investigators have implied tlmt whatever the apparent vis-

cosities might be for a given mix, it could always be reduced to tiie same
basic viscosity. This is not the case in view of the above observations.

The permanency of these various basic viscosities due to temperature is

further shown by their effect on melting ice cream so treated, as illus-

trated in the photograph, Figure 4. Therefore, if the occlusion of water
by gelatin in the mix cooled in the usual manner is a cause of smoother
texture, then the still greater occlusion of water as shown hx the much
greater viscosity developed in samples slowly cooled should cause still

smoother texture, according to the writer's previous work (9).

An idea of the imi^rovement obtained by this method may be secured
from the following experimental results. A normally aged sample of

ice cream was compared with a sample aged by slow cooling from 80° F.
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7. Because of the low overrun required in packaged goods, it was

I'ound necessary to retard the overrun of easily whipped mixes in order

to permit the drawing of the mix at the proper consistency. The sub-

stitution of butter for a part of the cream was found to be the most

effective practical means of effecting a low constant overrun.
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METEOROLOGICAL RECORDS
A FORTY-YEAR SUMMARY, 1889—1928

By C. I. Gunness, Meteorologist^

Location and Equipment

The meteorology observatory is now located on the third floor in Stock-

bridge Hall. It was moved to this location from South College on June 12,

1928, where it had been located since 1889. The records up to June 12, 1928,

were, therefore, taken at the old location; between June 12 and December

31, 1928, they were taken at the new location.

In the old location the observatory was in the tower of South College,

about SO feet above the ground. The base of the tower is 223 feet above sea

level and the top of the tower is 72 feet above the ground. The exposure is

good in all directions. The anemometer, wind vane, and sunshine recorder

were mounted from 3 to 5 feet above the tower with the recording ap-

paratus in the room below. The thermometer shelter and rain gauges were

on the campus about 300 feet southwest from the tower and on slightly

lower ground. The rain gauges were about 2 feet above ground and 218 feet

above sea level.

In the present location the anemometer, wind vane, and sunshine re-

corder are located from 4 to 7 feet above the roof of Stockbridge Hall. The

roof is 60 feet above the ground with good exposure. The thermometer

shelter and rain gauges are about 300 feet west from Stockbridge Hall.

The same equipment is used in the new location as was used in the old,

except as noted below. The standard barometer is of United States Weather

Bureau pattern. A Draper mercury-column type, recording barometer and a

Friez electrical sunshine recorder are used. A four-cup anemometer was

used until January 1, 1930, when a three-cup anemometer was installed.

The records of sunshine, wind velocity, and rainfall are recorded on a triple

register. A United States Weather Bureau gauge is used in determining

precipitation : and a tipping bucket, electrical recording gauge, in determining

the time and rate. The latter gauge is now located on the roof of the Agri-

cultural Engineering building, and serves to measure melted snow as well

as rain. The wind direction is recorded on a Draper anemoscope. A Friez

hygro-thermograph was installed in April, 1929, in place of the Draper

recording thermometer used until that time.

On January 1. 1904, the time of making observations was changed from

7 a.m., 2 p.m. and 9 p.m. to 8 a.m. and 8 p.m., so as to conform with the

practice of the United States Weather Bureau. This change should be noted

in comparing the dew point and relative humidity before and after that date.

Other data are probably not affected by the change.

^Head of the Department of Agricultural Engineering.
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Mean Barometer

[Readings are reduced to freezing and sea level.]

Year
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Maximum Barometer
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Minimum Barometer
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Mean Temperatures (in Degrees F.)

Year
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Range of Temperature (in Degrees F.)
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Highest Temperature (in Degrees F.)
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Lowest Temperature (in Degrees F.)
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Meax Relative Humidity

Year
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Mean Per Cent of Cloudiness
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Hours of Bright Sunshine by Sun Thermometer

Year
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Prfxipitation (in Inches)
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Wind Movement (in Miles)

Year
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AIaximum Velocity of Wind (in AIiles Per Hour)
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Snow, Frost and Weather

Year
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Summary for the Forty Years 1889-1928, Inclusive

Barometer (Pressure in Inches)
[Readings reduced to sea level.]

Maximum, Feb. 1, 1920, 10 a.m 31.050

Minimum, Mar. 1, 1914, 8 p.m 28.470

Mean 30.016

Total range 2.580

Greatest annual range, 1913 2.330

Least annual range, 1923 1.550

Mean annual range 1.860

Greatest monihly range, January, 1913 2.180

Least monthly range, August, 1894 .440

Mean monthly range 1.087

Air Temperature (in Degrees F.)

Highest, July 4, 1911, 3.30 p.m 104.0

Lowest, Jan. 5, 1904, 7.30 a.m -26.0

Mean 47.2

Total range 130.0

Greatest annual range, 1918 122.5

Least annual range, 1889 92.0

Mean annual range 108.0

Greatest monthly range, January, 1907 78.0

Least monthly range, July, 1889 30.0

Mean monthly range 54.5

Greatest daily range, Dec. 10, 1902 54.0

Least daily range, June 2, 1907 2.0

Humidity

Mean dew point 37.8

Mean relative humidity 75.8

Precipitation (in Inches)

Total rain or melted snow 1,737.43

Total snowfall 1,935.40

Greatest annual precipitation, 1897 57.05

Least annual precipitation, 1908 30.68

Alean annual precipitation 43.44

Greatest monthly precipitation, July, 1897 14.51

Least monthly precipitation, October, 1924 .01

Mean monthly precipitation 3.63

Greatest annual snowfall, 1920 78.00

Least annual snowfall, 1919 24.50

Wind (in Miles)

Total movement 2,092,831

Greatest annual movement, 1908 63.571

Least annual movement, 1894 36,257

^lean annual movement 52,321
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Greatest monthly movement, April, 1908 8,208

Least monthly movement, July, 1894 1,109

Mean monthly movement 4,358

Greatest daily movement, April 8, 1909 705

Least daily movement, Sept. 29, 1894 ; Mar. 7, 1890
; Jan. 6, 1904

;

Dec. 4, 1916 ; Oct. 6, 1920

Mean daily movement 143

Alaximum velocity for 5 minutes, Feb. 22, 1912, 10 a.m 42

Weather

Mean cloudiness observed, per cent 50.8

Total number of hours bright sunshine 94,236

Per cent of possible hours bright sunshine 53

Number of clear days 4,399

Number of fair days 5,165

Number of cloudy days 5,152
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ANNUAL REPORT OF THE
MASSACHUSETTS AGRICULTURAL EXPERIMENT

STATION—1930

INTRODUCTION

F. J. Sievers, Director

During the past year there have been a few very significant changes in

the organization of the Experiment Station and also in the type of service

rendered.

What was formerly known as the Market Garden Field Station, locat-

ed at Waltham, was organized primarily to support a type of research

and demonstration of special value to the trucking industry, already weH
established in the eastern part of the State and particularly in the vicinity

of Boston. Consistent with this service the M-ork was directed by the de-

partment of vegetable gardening of the Agricultural College. In the

beginning its services were largely of an extension and demonstrational

nature with very little emphasis on investigation or research. With the

demands for more specific fundamental information, research men in

plant pathology, entomology, genetics, and floriculture were soon added

to the staflf with the result that the original system of administration was
found not only cumbersome but no longer adequate. To correct this sit-

uation and to bring this unit of the Institution into closer and more
logical relationship with the central administration, the Board of Trustees,

at its June meeting, decided to change the name to the Waltham Field

Station and place it under the direction of the Experiment Station at

Amherst with R. M. Koon, Research Professor of Vegetable Gardening,

directly in charge. This branch Station now holds the same relationship

to the main Experiment Station as does the Cranberry Station at East

Wareham, both of which are now organized and conducted to give major
consideration to research. Conditions under the reorganization should be

very nearly ideal because an opportunity is thereby afforded for four

departments in the Institution, viz., botany, entomology, floriculture, and

olericulture, to plan and direct certain investigations at the Field Station

in Waltham through representatives of the respective departments who
are in residence there.

The demands for increased service through the Field Station have been

pressing for several years, and at the last legi.slative session these took

a very definite form in the introduction and passage of a special bill

providing for a liberal increase in equipment and financial support for in-

vestigations in floriculture. This new work is already well under way and it

is hoped that the results will be of a nature to justify the faith placed

in the Experiment Station service by those who were responsible in

urging the necessary legi.slation.

At the Cranberry Station it has been possible to give special and in-

creased consideration to matters influencing quality of product because

of very close and satisfactory cooperation with Federal agencies. There
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are evidences that liere, too, as at the AValthani Field Station, there is a

gradual trend toward research from work of a largely demonstrationnl

nature.

The added facilities provided with the completion of the well-equipped

horticultural manufactures building on the College campus makes possible

a high qualitj' of research work in this field. As a result the program of

investigation is being gradually enlarged to include products not heretofore

studied.

There is also in evidence the development of an interest on the part of

commercial agencies to provide the Experiment Station with financial

support for research in specific fields. Several cooperative projects sup-

ported by funds from this source are already under way. This develop-

ment up to the present has proved very satisfactory both from the stand-

point of the donors and of the public whom we are primarily organized

to serve, and it is hoped to encourage these relationships.

The reorganization of the Graduate School in July, 1930, whereby its

administration was transferred to the Director of the Experiment Station,

should prove of advantage to both of these units which are organized so

directly aroimd a research program. Many phases of regularly approved

Experiment Station projects lend themselves very effectively to graduate

study, and already several students are working on such assignments for

credit toward an advanced degree.

With the strengthening of the Extension Service program, many of the

activities previously considered essential in the Experiment Station are

gradually requiring less emphasis. This is evidenced especially in field

work as conducted by the departments of agronomy and pomology. Many
so-called investigations, which in reality are demonstrations, are being

taken over by the Extension Service, where they rightly belong, thus pro-

viding the research men in these fields time for better controlled

and more basic studies. Changes in this direction should of necessity be

slow, but present trends indicate that they are also sure—a very encour-

aging sign of progress.

DEPARTMENT OF AGRICULTURAL ECONOMICS

Alexander E. Cance in Charge

Consumer Demand for Eggs. (Lorian P. Jefferson). The collection of

data for this study is largely completed. General tabulations have been

made but no attempt to draw conclusions as yet. The study looks to a

determination of the demand for different grades of eggs, the proportion

of grades handled, the opportunity for the local producer in local markets,

and the differences between demand in different markets.

The Economic Worth to Growers of Different Varieties of Apples.

(Lorian P. Jefferson). This study is still under way, having been planned

to cover at least five years. Obviously no conclusions can be drawn until

the end of the period.

Competition Between Apples and Other Fruits. (Lorian P. Jefferson).

The study, involving many statistical correlations, actually reveals little

direct competition between apples and any other of the most common fruits.
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However, it may be questioned whether the statistical data tell the whole

story. While statistics show almost no influence of the supply and price

of oranges on the price of apples, it is true that the per capita consumption

of apples is declining. Apparentlj', also, the type of demand is changing,

and apples are being used for different purposes since the orange has be-

come so largely the fruit on our breakfast tables.

The price variations of Baldwin apples in Boston are chiefly determined

by three factors not related to other fruits: the size of the United States

apple crop, the size of the New England crop, and the general level of

prices. Of these the size of the United States crop is the most important

factor.

The price of Mcintosh apples is, however, little influenced by the total

volume of apples on the market or by New England production, but is

markedly affected by the general level and trend of prices. Correlations

of supply and price of various other fruits with the price of Mcintosh

indicate that no one of these has any noticeable influence.

Part-Time Farming. (David Roznian) The project on part-time farm-

ing has been completed and the material published as Bulletin 266.

Recreational and Forestry Uses of Land. (David Rozman). Data on

land values, taxation, and area held by non-residents were secured from
the assessors' books in 71 towns, representing 2.5 per cent of all towns

in the State with a population of less than 10,000. This material is now
being tabulated and analyzed as to its bearing on the problems of land

utilization.

Detailed information on land utilization was obtained in several towns

through personal interviews with assessors, town clerks, real-estate men,

and other local people. No definite conclusions from this study will be

available until completion of the field work during the next spring.

Factors Affecting Egg Prices. (A. H. Lindsey). Wholesale price quota-

tions on the Boston market were used for the basic material of this study.

I,ack of purchasing power in 1929 and 1930 caused the trend of egg prices,

which was already downward, to turn even more sharply downward. The
improvement in quality of western eggs has not seriously affected the

favorable differential which has existed between prices of western and

nearby eggs.

A formula for forecasting peak prices of eggs in November from data

on June first has been worked out with an accuracy in results of within

two cents, two years out of three. The average price of eggs in April may
also be forecast from October—December data with an accuracy of within

2.8 cents in two-thirds of the cases.

The Relation of Quality Factors to Price of Eggs. (A. H. Lindsey).

Quality factors used were air cell, weight, condition of yolk, condition of

white. Prices were found by purchase of eggs from retail stores in Boston.

Three periods were studied—April, August, and November. Weight was
of much greater significance in April than in November. Air space was

most important in November. Condition of yolk was most important in

April. The combined effect of all quality factors on price was of greatest

importance in August.

Competitive Factors Influencing the Supply of Market Milk and Cream.

(A. H. Lindsey). A study of the Worcester milk shed was made from
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records of the City Inspector's Office. Changes in price and inspection

had very little influence in changing the milk-shed area. More milk is

being produced at great distances from the city and less in the vicinity

of the city. The consumption of quality milk is increasing.

Analysis of Market Prices for Massachusetts Vegetables. (H. B. Rowe).

A preliminary analysis has been made of the price and supply data which

vi^ere tabulated last year for ten of the more important vegetables on the

Boston market, and a more complete study of asparagus prices has been

practically completed. The preliminary analyses indicate that valua"ble

results may be expected for all but two of the ten crops. The asparagus

study has furnished quantitative measurements of the relationship between

local prices and the two most important price factors, local supply and

shipped-in supply, during the period just preceding the local marketing

season. Knowledge of these relationships makes possible the interpretation

of outlook for local producers, with a degree of accurac}* and reliability

which could not be attained heretofore.

DEPARTMENT OF AGRICULTURAL ENGINEERING

C. I. Gunness in Charge

Investigation of Apple Storages. (C. L Gunness). The investigation

of mechanically refrigerated storages has been carried on this year along

two distinct lines. The phase pertaining to the temperature requirements

for satisfactory storage has been continued in cooperation with the Depart-

ment of Pomology. The results of two years' observation wi'l be avail-

able at the end of the present storage season.

The study of another phase of the storage problem was made possible

this year through the fact that three fruit growers installed mechanical

refrigeration on their farms, and careful observation has been made of

the operation of these storages. Different types of equipment have been

installed in these various storages, and it has been possible to observe the

effect of various types of equipment on the stored fruit. Data on the cost

of operation of the various storages are being collected.

Fertilizer Distributors. (C. I. Gunness). Very little work has been

done on this project during the present year. It is hoped that more time

can be given to this project during 1931.

Test of Low-Lift Pumps. (C. I. Gunness). During the past summer a

testing plant was built at the Cranberry Station at East Wareham for the

testing of low-lift pumps. This was completed in August, and one pump
was tested. The publication of the results will be delayed until additional

pumps can be tested.
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DEPARTMENT OF AGRONOMY

A. B. Beaumont in Charge

Nitrogen Assimilation by Grasses and Clovers. (A. B. Beaumont and

G. Rohde). Additional evidence obtained from solution cultures showed

that blue grass, timothy, redtop, English rye grass, and red and alsike

clovers assimilated nitrate nitrogen better tlian that from ammonium
sulfate and urea, as judged by growth. In the early stages there was

little difference in the growth of the several grasses, but differences ap-

peared in the later stages. With the clovers, the differences due to form

of nitrogen appeared earlier and were more pronounced.

Ecological Study of Pasture Vegetation. (A. B. Beaumont, E. F. Gas-

kill and R. W. Donaldson). The old experiments have been continued and

new ones added for the purpose of comparing different carriers of nitro-

gen and different amounts of lime and other calcium compounds. Results

of this year indicate that very little effect may be expected from minerals

(lime, phosphoric acid and potash) the same y^ar they are apjilied as a

toi)-dressing, whereas all forms of nitrogen used are more or less effec-

tive the first year. Similar evidence regarding response to minerals and

a nitrogen fertilizer (Chilean nitrate of soda) were obtained from ten out-

lying fields in Worcester County.

Additional Pasture Experiments. (A. B. Beaumont, R. E. Stitt and

R. C. Foley). In a palatability test it was found that two Holstein cows

chose pasturage as follows: (1), white clover; (2), timothy; (3), redtop;

(I), blue grass. There was little if any effect of different fertilizer treat-

ments on palatability although there was some indication that grass from

plots which received the largest amount of nitrogen was preferred by the

animals. On certain of the Hohenheim plots it was likewise observed that

seedings containing a high proportion of timothy were preferred by dairy

animals.

In an experiment in which two carriers of nitrogen were used as toi>-

dressing for a mossy pasture, it was observed that Chilean nitrate of soda

acted as a mild toxin for moss. To a con.siderable extent moss was per-

manently killed witiiout injuring the desirable vegetation.

Legume Veriety Tests. (A. B. Beaumont and R. E. Stitt, cooperatinsr

with E. A. Hollowell, Bur. of Plant Indus. LT. S. D. A.).

Alfalfa.—Test No. 1 was brought to a close on account of weediness, and

llie field plowed after spring data on stand were obtained. These data

v.ere in substantial agreement with those reported last year. The ex-

periment has shown that for a ]ieriod of at least three years the com-

mon varieties of alfalfa coming from such states as L^tah, Kansas,

and the Dakotas may be expected to be in the same class as Grimm
and other variegated varieties as respects winter-hardiness. Test No.

2 also was terminated on account of weediness (mainly grasses). This

lest has given dat.-i on winter-hardiness similar to those of Test No. 1,

but covering more varieties. Ludak, Turkestan and Arizona were definitely

poor in stand after two winters; California, South African, and Colorado

v.ere good; and Grimm, Ontario, Hungarian, Dakota Common, Hardigan,

Disco, New Mexico, Italian, Utah, Kansas, and French were the best.
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Further, this test has demonstrated that it is unwise to seed alfalfa on sod

land in Massachusetts without the intervention of at least one year of

tilled crop or fallow to kill troublesome weeds, especially the grasses.

I''rom Test No. 3, seeded in 1929, data on stand and yield were obtained

this year. Yields per acre for two cuttings, one year after seeding were:

4-5 tons; Ontario, Hardigan, Dakota Common, Hungarian, Italian.

3-4 tons: Dakota 12, Disco, Utah, Argentine, Nebraska, Turkestan,

Kansas, New Mexico, Ladak.

2-3 tons: Arizona, South African.

1-2 tons: Hairy Peruvian.

Scy beans.—Of 20 varieties of soy beans, the following 10 yielded the most

ha\' in decreasing order: Dunfield, Manchu, Habaro, Mansoy, Virginia,

Medium Green, Harbinsoy, George Washington, Illini, Pinpu. Seven of

these were among the higiiest yielding 10 varieties of last year.

Field Peas.-—Of 3 varieties tested, Chang led in yield of hay, followed by

Golden Vine, O. A. C. 181, Wisconsin Common, and Multiplier, in order.

Vetch.—Spring sown vetch varieties yielded iiay in the following order:

Oregon Pearl, Oregon Common, Smooth (15851), Hungarian, Hairy (15760).

None of these annual legumes—soy beans, field peas, vetch—with only

one cutting, yielded as mucli iiay as well-adapted alfalfa varieties with

two or more cuttings a season according to these tests. Therefore, it

appears that such annual legiimes should be considered mainlj' as emerg-

ency substitutes for the higlier-yielding alfalfa and clovers.

Method of Applying Fertilizer to Com. (A. B. Beaumont, E. F. Gas-

kill and R. E. Stitt). This is the third consecutive year that a field test

of methods of applying fertilizer to corn lias been made. The work was

done according to a plan for cooperative work sponsored by a joint com-

mittee representing the American Society of Agronomy, National Society

of Farm Equipment Manufacturers, American Society of Agricultural En-

gineers, and National Fertilizer Association. The results of this year are

in general agreement witli those of preceding years; namely, that fer-

tilizer applied in the hill gives better results than the same, and in some

cases, larger amounts broadcast. Fertilizer applied in the hill at the rate

of 500 poimds was superior to 500 pounds or 1000 pounds broadcast.

Field Experiments with Onions. (A. B. Beaumont and M. E. Snefl).

Most t)f these experiments \\ ere redirected last spring in tlie light of results

of the last five years. The crop was started from sets instead of seeds

as in previous years. Cover crops were omitted this year, the comparison

of muriate and sulfate of potash \\as dropjied, and certain ciianges were

made in the study of fertilizer ratios.

In the lime series, where lime was applied in 1925, there was a progress-

ive increase in yield from applications of 2 up to 6 tons of limestone per

acre. In two other series one of which received lime in 1925, the other

in 1928, the yield from the later application was superior to that from the

earlier, indicating that wlien lime is used in moderate amounts, the applica-

tions should be more frequent. Experiments on the substitution of super-

phosphate for a part of tiie lime gave results which indicate that super-

phosphate can take the place of little if any of the required lime, and at

present prices of these materials there would be no economy in the sub-
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stitution. All the experiments thus far indicate that lime is indispensable

for successful onion production on the soils of the Connecticut Valley.

In the old fertilizer ratio series, the 4-12-8, which has led in former

years, was inferior to the 4-8-4 and about equal to the 4-8-8. (Figures

refer to percentages of NH3 (old basis), PiOs, and K2O, respectively.) The
highest yield was from the 4-8-4 with later side dressing of nitrate of soda

e(!uivalent to a 2-0-0, and the lowest from 2-12-8. It is quite possible that

the substitution of sets for seed influenced the effect of fertilizers. The
4-7-4 with a side dressing of fish (2-1-0) gave a low yield. These results

with additional nitrogen as side dressing are similar to those of last year,

but cannot be explained in the same way; last year was unusually dry,

while in 1930 the rainfall during the growing period of the onions (sets)

was slightly above normal. In the lime series the 4-12-8 was superior to the

4-8-4, and in the old cover crop series the 4-12-8 was superior to the

G-8-8. Considering the results of this experiment for the six years of its

duration, it would seem that for land which has not been intensively fer-

tilized for several years previously, a fertilizer high in prosphoric acid

and potash, something like a 4-12-8, is needed for at least the first several

years of onion growing. Fertilizer has been applied at the rate of 2500

pounds per acre, a comparatively high rate, and it is quite probable that

a cumulative effect of previous years is beginning to manifest itself.

A field experiment with onion sets of three size groups demonstrated the

superiority of sets of medium size. Sets from one-half to three-fourths inch

in diameter yielded almost twice as much as those one-fourth to one-half

inch, and slightly more than those three-fourths to one inch. The medium
group threw less than 1 per cent seed stalks, the large sizes 72.9 per cent,

and the smallest none. The largest sets produced 33.0 per cent multiple

bulbs, medium sets 1.4 per cent, and smallest sets 0.12 per cent. About

three times as many bushels were required to plant an acre with large

sets as with medium-sized sets. Altogether, the results were strikingly in

favor of medium sets.

Onion breeding work was continued on lines previously described.

Nitrogen Assimilation by Tobacco^ (A. B. Beaumont and G. Rohde).

Further evidence has been secured from solution cultures which supports

statements made in the last report that nitrogen in the form of nitrates is

better assimilated than in the form of ammonia, urea, and certain organFc

forms. This nutritive relation prevails when the entire growing period of

the plant is considered, although there api)ear to be stages of growth when
ammonia is assimilated as well as nitrate, if not better.

Field Experiments with Tobacco. (A. B. Beaumont and M. E. Snell).

1930 has been the best year for the growth of tobacco since the field ex-

periments were started seven years ago, with the best plots producinjr

slightly more than 1 ton of cured leaf per acre, and all plots averaging

around 1800 pounds per acre. The highest yield, averaging 1998 pounds

per acre, was from a series of 10 plots which received 262.5 pounds of

tobacco fertilizer analyzing 4.1 per cent N, 4.0 per cent PlO-., and 5.0 per

cent K.O, and 10 tons of manure. Five plots which had a cover crop of

redtop were next with an average yield of 1936 pounds, followed by those

which had timothy and rye as cover crops. .\s in previous years, tobacco

yields were poorest in the animal husbandry rotation (corn, timothy or

clover, and tobacco), yields being 1201 pounds after timothy and 1326
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after clover. It has now been established that this particular rotation is

unsuitable for tobacco, producing symptoms of a malady known as brown

root-rot. It remains to determine the underlying causes of the effect, and

efforts are now directed particularly to that study. With that in mind the

field experiments were redirected in the spring of 1930, the cash-crop ro-

tation being replaced by a duplication of the animal husbandry rotation,

and the so-called "criss-cross" rotations dropped.

In an experiment involving different quantities of nitrogen, phosphoric

acid and potash remaining constant, 164.5 pounds nitrogen per acre (500

pounds ammonia) gave the highest yield, followed in order by 205.6, 123,1.

and 61.7 pounds nitrogen. From this and previous years it seems that for

Massachusetts conditions 100 to 150 pounds of nitrogen are necessary for

maximum yields of tobacco.

In a further comparison of different carriers of nitrogen, ammonium
sulfate produced more tobacco than sodium nitrate, cottonseed meal or

the regular mixture containing several forms of nitrogen. Furthermore,

and of particular interest in view of results of previous years and other

experiments, yields were slightly greater from plots which had one year

of timothy preceding tobacco than from the plots which had tobacco the

previous year. However, all yields were good.

The following miscellaneous tests were made on a small scale, too small

to give more than indicative results:

(1) Both Nitrophoska (15-30-15) and regular tobacco fertilizer con-

taining considerable cottonseed meal, plus magnesium sulfate, failed to

produce normal crops of tobacco without lime, when used on a very acid

soil (pH about 4.5).

(2) With potash omitted from the regular tobacco fertilizer, but sup-

plied in ground tobacco stems, a good yield of tobacco was obtained.

(3) Colloidal phosphate at rates of 1000 and 2000 pounds per acre, in

addition to the regular fertilizer mixture, slightly increased yield.

(4) Milorganite, an organic fertilizer made from processed sewage,

proved a good substitute for the more expensive cottonseed meal, produc-

ing 1801 pounds per acre. It remains to be seen what the quality of the

crop will be.

(5) Fertilizer applied in the row produced slightly more than an equal

amount applied broadcast. One-half the standard ration in the row pro-

duced 1663 pounds, which compares with 1859 pounds from a full ration

broadcast. This is the first year of this experiment and results are only

indicative; but in view of results from a similar experiment with corn, It

is worth repeating.

Magnesium Requirements of Crops. (A. B. Beaumont and M. E. Snell).

This investigation was continued in pot and field experiments according to

plans made by J. P. Jones. No outstanding symptoms or depression of

yields were obtained in either case. It is now suspected that, except in

cases of exceptional deficiency in soil magnesium, plants will hardly be
affected in dry years or the next year or two following dry years, owing
to the supply of native magnesium through the natural weathering pro-

cesses. It is planned to continue this investigation.
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DEPARTMENT OF BACTERIOLOGY AND PHYSIOLOGY

G. E. Gage in Charge

Nitrogen-Fixation in Relation to Leguminous Crops. (James E. Fuller").

Previous work on phases of this subject has been reported during the past

year in Soil Science, Volume 30, July, 1930, under title of "Nitrogen-Fixa-

tioii in Field Soil under Different Conditions of Cropping and Soil Treat-

ment." During the course of this investigation the data indicated the

possibility that the lime applied may have been responsible for the varia-

tions in the amount of nitrogen fixed by the soil from the different plots

ot the field. Tlie hydrogen-ion concentration of the soil from the various

plots showed no marked variation, although the quantity of linie applied

varied widely. Therefore, there is a possibility that lime may have some

relation to Azotobacter metabolism other than the neutralization of acid-

ity.

Synthetic media have been studied in the laboratory during the year

to ascertain the influence of different calcium compounds on the amount

of nitrogen fixed by the different strains of Azotobacter. These experi-

ments are being repeated. Plant-house experiments are being conducted in

which soil is treated with the calcium compounds employed in the synthetic

media, these compounds including salts varying in their ability to neutral-

ize acids. The purjiose of the investigation is to study the influence of

tiie calcium in the presence and absence of combined nitrogen.

Another phase of this project has had to do with distribution of cellu-

lose-decomposing activity in the soil of the experimental field. The data

at present appear to correlate the nitrogen-fixing activity of the soil from

the different plots of the field.

Besides work on this project, a cooperative experiment has been in pro-

gress with the Department of Botany. This has had to do with the effect

of temperature on the utilization of nitrates by cellulose-decomposing or-

ganisms. The data obtained thus far indicate that from the laboratory

standpoint soil known to contain active cellulose-decomposing organisms

will bring about decomposition of cellulose within a certain space of time.

Decomposition was less active at temperatures below 1.5° C. Data from the

pot experiments will be found in the report of the Department of Botany.

Laboratory Service. (Ralph L. France). During the past year the

Laboratorv Service has given assistance to local milk inspectors and milk

dealers throughout the Connecticut Valley. Towns and a few cities have

called vipon the laboratory for monthly tests of all milk sold within their

boundaries. This jihase of service has grown into a health control service

not only through the medium of laboratory tests but also through in-

formation given in personal interviews with dealers and inspectors and by

inspections of dairy barns.

Samples of water from private supplies from many parts of the State

have been submitted for bacteriological analysis to establish their purity

for drinking purposes. Fifty per cent of all the samples analyzed during

the year were unsafe for hunum consumption. This condition shows no

great improvement over previous years, and indicates that there is need

for active education concerning the location and construction of rural
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water supplies. It miglit be of value, if the laboratory appropriation could

be increased sufficiently to finance the undertaking, to make sanitary in-

spection of the water supply and environment in some of these districts

having unsafe water.

The legume culture collection has been kept intact and propagated as

in past years, for the purpose of distributing to farmers needing this

material for legume inoculation. Nearly all cultures furnished were for

inoculating alfalfa.

The miscellaneous examinations made during the year include examina-

tions of milk for garget, streptococci and other organisms causing inflam-

mation of the udder, chemical analyses of milk, and examination of food

products for organisms causing unnatural spoilage.

The Indol Tolerance of the Colon-Aerogenes Group of Bacteria as a

Possible Means of Differentiating Fecal and Non-Fecal Strains Occurring
in Drinking Water Supplies. (Ralph L. France). The work to date in-

dicates that in order to establish a more uniform set of results for the

determination of the possible use of the indol tolerance as a test, it is

necessary to make some clianges in methods and a more complete study of

the biochemical activities of the various strains. "With these studies fol-

lowed through, it is anticipated that the difficulties already expressed may
be eliminated, making it possible to obtain inore consistent residts.

DEPARTMENT OF BOTANY

A. Vincent Osmun in charge

Tobacco Black Root-Rot. (\V. L. Doran). Soil in plots last limed in

1923 still had pH values favorable to infection by Thielavia in 1930.

Neither alfalfa nor timothy was more effective than tobacco in lowering

the pH value of over-limed soil. Soil acidity of limed plots was increased

somewhat even four years after the application of sulfur. As in pre-

vious years, there was less black root-rot in limed plots to which sulfur

or acids were applied in 1926 and 1927 than in limed plots not acidified.

There was not much, if any, less black root-rot of tobacco following

the hay crops than in plots of continuous tobacco.

Yields of tobacco in plots limed were 27 per cent less than yields in

plots not limed. Loss caused by lime applied in 1923, has been decreasing

.since 1925. Increased yields in limed plots resulting from the application

of acids or sulfur were less in 1930 than in earlier years.

The application of sulfur to a field in which the soil had an initial pH
value of 7.1 lowered the pH value to 6.5, but this was not enough to affect

black root-rot or growth of tobacco.

An application of orthopho.sphoric acid lowered a soil pH value from 5.9

to 5.0, but black root-rot was nevertheless severe. It is apparent that other

factors than or in addition to the hydrogen ion concentration of the soil

are concerned.

Tobacco Brown Root-Rot. (W. L. Doran). In the second or third year
of tobacco following alfalfa, timothy or alsike clover, there was little and
in most cases no brown root-rot. The brown root-rot effect of these hav
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crops on the tobacco which followed them disappeared after the first year

or two of tobacco.

Assuming, for hypothetical purposes, that brown root-rot is associated

with certain soil microorganisms, which may result in a deficiency of nitro-

gen and (or) the formation of toxic substances in the soil, it is con-

ceivably possible that certain inorganic salts applied to soil might inhibit

i-uch microorganisms or might inactivate, chemically, such toxic substances.

Copper oxide, copper sulfate, copper acetate, lead sulfate, or lead acetate

were applied in varying amounts to brown root-rot soil (timothy sod), and

in it tobacco was grown. These salts of copper and lead, in the amounts

used, were all somewhat toxic to tobacco plants.

Since brown root-rot is worse in some soils than in others, under the

same cropping system, work is now in progress with the object of finding

some of the relations between brown root-rot and certain characteristics

of the soil, including total nitrogen, P2O3, organic matter, soluble iron

and aluminum, mechanical condition, and water-holding capacity. The
chemical work involved is being done in the Fertilizer Control Laboratory,

and tobacco is being grown in all (12) soils.

A Seedbed and Field Survey of Tobacco Diseases in Massachusetts.

(W. H. Davis, O. C. Boyd, and W. L. Doran). In a tobacco disease survey

of the State, 50 seedbeds and about 100 representative fields were inspect-

ed. The results may be briefly summarized as follows:

Seedbed Survey

(1) The soil was sterilized in 25 per cent of the seedbeds.

(2) Twenty per cent of the seedbeds were sprayed or dusted; this

practice was followed by nearly everyone planting ten acres or more.

(3) Growers who sterilized their seedbeds were rewarded with superior

plants and fewer losses in the crop from wildfire, mosaic and other dis-

eases.

(4) In one instance where a few plants from a bed infected with wild-

fire were transplanted to a fourteen-acre field, 30 per cent of the plants

in the field became infected, causing appreciable loss at harvest.

(5) Growers who have their seed "blown" believed it to be a good

investment, permitting use of less seed and insuring better and earlier

plants.

Field Survey

(1) Wildfire was found in all fields inspected, except ten, with losses

from a trace to 20 per cent.

(2) Angular leaf-spot caused by a bacterium {B. angulatum) and new

to most of the growers was located throughout the area.

(3) Mosaic or calico was the most prevalent disease, as it occurred in

nearly every field.

Onion Diseases and Use of Fungicides on Onions. (AV. L. Doran). In

cooperation with A. I. Bourne, systematic observations were again made
in many onion fields, and for the second year spraying and dusting ex-

periments were conducted. There was neither blast nor mildew here

in 1930.

Yields were not aflfected by copper lime dust; but were increased 13 or

16 per cent by Bordeaux mixture 4-4-50, applied 4 or 6 times, respectively,

and 17 or 24 per cent by Bordeaux mixture 8-4-50, applied 3 times or

twice, respectively.

%
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Onion Blast (L. H. Jones). By artificially controUiiifi' the environment

of growing onions, it was possible to produce an injury to the plants re-

sembling blast. Reduced light, high relative humidity, and a wet soil for

a period of ten days was sufficient to make the plants blast when exposed

for a few hours to intense sunshine and an atmosphere of low relative

humidity. Absence of bla.st in the field this year precluded the possibility

of comparison with that condition as it occurs naturally.

Eggplant Wilt. (E. F. Guba, Waltham). Since the last report, study

has been confined to the pH relations of the causal organism and host.

On .slides in Petri dishes aluminum sulfate in 1-100 to 1-500 dilutions,

inoculated sulfur, and monohydrated copper-lime dust (20-80) destroyed

the viability of the spores. Nutrient media acidulated with sulfuric acid

completely inhibited growth of the pathogene at pH 3.7, and the rate of

growth increased in proportion to an increase in the pH value of the grow-

ing medium. Retardation of growth occurred below pH 4.5. However, the

increase in growth of the pathogene due to but slight decreases in acidity

between pH -i.O and 4.5 was significant.

Aluminum sulfate and inoculated sidfur were compared with respect

to their effect upon the growth of eggplants and the control of the

disease. Wooden boxes holding four gallons of soil were used and the

acidifying agents were added in increasing quantities. Inocidated sulfur

produced a rapid increase in acidity, while at least three times as much

aluminum sidfate was required to obtain the same eft'ect. AVith aluminum

sulfate, a range of pH 4.7-5.0 showed no effect upon the growth of egg-

plants. Infection occurred at pH 5.0 and higher. Below pH 4.7 growth

became poorer as the pH value of the soil decreased. With inoculated sul-

fur, all of the plants were infected at a soil pH of 4.3, and one-third of

them at pH 4.0. At pH 4.0 growth was fair, and at pH 3.5-3.6 the plants

were killed.

The effect of field applications of chemicals on the control of the disease

and the growth of the host was studied. The plants were grown in soil

sterilized with formaldehyde, and the field to which the chemicals were

applied had been used for eggplants for four years in succession. The
results revealed the failure of inoculated sidfur and aluminum sulfate

to control the disease when applied at a rate in excess of the tolerance of

the host. No results were secured which could be construed as a basis for

suggesting acidification of infested soil as a method of controlling egg-

plant wilt. In the experiment reported, eggplants on land in sod for five

years gave the best growth and the best yield in spite of the high per-

centage of infection. The existing practice of using old sod for egg-

plants remains the only reliable and practical method of control.

Cucumber Downy Mildew. (W. L. Doran). The weather of the season

seems to have little relation to the date of the first appearance of this disease

in the field. In six consecutive years (1925-1930), downy mildew has always

appeared here within the first two weeks of August.

Bodies resembling oospores have been found, but attempts to germinate

them or cause infection with them were without result. The means of over-

wintering of Peronoplasmopara cubensis, therefore, remains undertermined.

It was found that conidia produced in any dewy night do not live after

the svm dries the dew in the morning. Infection in the absence of rain, there-
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fore, must occur the same night or the same morning as tliat in which sporula-

tion has brought the infecting conidia into existence.

Greenhouse cucumbers were injured by dusting with sulfur but not by

spraying with Bordeaux mixture 1-1-50, 1-5-50, 2-2-50, 2-10-50, 4-4-50, 3-10-50,

or 4-0.8-50, nor by copper acetate, Pickering spray, or milk of lime.

Cucumbers which had been sprayed, the day before, with Bordeaux mix-

ture 1-1-50, 2-2-50, 2-10-50, 3-3-50, and 3-10-50 were inoculated with a suspen-

sion of the conidia of P. cubensis in water. There was no infection of any of

tlie plants so treated, although every leaf of check (unsprayed) plants became

infected. In the greenhouse, Bordeaux niixtui-e, 1-1-50 is 2:»robab]y adequate

in presenting infection of cuciuubers by this fungus.

Strawberry Gold Disease 1930. (E. F. Guba, Waltham)- Experiments

are under way to determine the nature and manner of spread of the

disease. The possible relation of insects to infection is being determined

by W. D. Whitcomb. The value of roguing and the selection of healthy

plants for the succeeding planting are being considered as means of con-

trol. Data from the exi:)eriments undertaken will be available in 1931.

Tomato Leaf-Mold. (E. F. Guba, Waltham)- Work on this project

during the year has been confined to demonstrations of the control of the

disease through air management based on knowledge of the temperature

and humidity relations of the fungus. Adequate air circulation to prevent

excessive temperatures and to insure rapid removal of water of transpira-

tion from the leaf surfaces is essential to the control of the disease. From
June to September, inclusive, when heating is not practiced, inside condi-

tions should parallel outside conditions as nearly as possible; likewise

during warm intervals in May and October, and when the outside tem-

perature does not drop below 50° F. With a daily minimum of less than

50° F. outside, heat to provide an inside temperature of 60°-65° F. witTi a

little ventilation is important. After the middle of November ventilation is

not necessary so long as the inside temperature is less than 80° F.

Old-type greenhouses often lack adequate means of ventilation. Ex-

periments have shown that for these houses especially, and for modern
types where hand control is not efficient, automatic control of humidity

will remove the disease as a factor so far as it influences the yield. The
system involves a series of exhaust fans and pipe heat, the movement of

the former and the flow of the latter called for independently or in unison

by a hygrostat, set (for tomato leaf-mold) to demand heat and exhaust

air when a maximum relative humidity of 80 per cent is reached. A low

thermostat set at 60° F. guarantees the minimum growing temperature, and

a high thermostat set at 70° F. determines the range of temperature with-

in which heat may be expected to operate the hygrostat for its control

of the humidity. Above this range the humidity is controlled by the ex-

haustion of air only. Ventilation was necessary only as the inside tem-

perature rose above 70° F. In the fall and winter of 1929-30, automatic

humidity control gave 17 per cent less infected foliage than automatic

temperature control, and in the fall and winter of 1930-31 (up to Decem-
ber 1) 10 per cent less than automatic temperature control. Since the

comparison was made with conditions which were subjected to careful

hand control except for temperature which was automatically regulated,

and in a greenhouse with ample ventilating area, the small difference in

favor of automatic humidity control is significant.
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Eradication of Nematodes in Greenhouse Soils. (L. H. Jones). A mix-

ture of equal parts by weight of calcium cyanide (Cyanogas) with paradi-

chlorobenzene, incorporated in the soil of a ground bed in two applications

with an interval of seven days, successfully eradicated nematodes. Each

application was at the rate of 2400 pounds per acre. Twenty-nine days

after the second application, tomatoes were planted in the bed. The first

crop was adversely aifected by the paradichlorobenzene. The second crop

was excellent, both in foliage growth and production. The bed has re-

mained free from nematodes for more than a year while beds on either

side have been severely infested. Though this treatment is not practical,

the results seem to promise some measure of success for the effort to

apply the principle of dry chemical applications to the eradication of nema-

todes in the soil.

Ridding Soil of the Narcissus Nematode. (L. H. Jones). The narcissus

nematode {Tt/Ienchus dipsaci) is quite distinct from the parasitic species

found in greenhouse soils. The former has been eradicated by treatments

that failed entirely when used against the greenhouse nematode. Soil

infested with the narcissus nematode was freed of this organism by each

of the following treatments: steam in one application, chloropicrin (tear

gas) in one treatment, Cyanogas in two treatments, and a combination of

Cyanogas and paradichlorobenzene in one treatment. Narcissus was grown

on the treated soils and the bulbs stored until autumn. Efficacy of the

treatments was determied by examination of the bulbs.

Carnation Blight. (E. F. Guba, Waltham). The causal fungus (Alter-

naria dianthi S. & H.) does not survive the second winter in the field, in-

dicating the importance of a two-year rotation. Commercial varieties show

different degrees of susceptibility to bliglit, and the reaction of all types to

the disease has been carefully studied. In general, the Matchless and re-

lated broad-leaved types are very susceptible.

The early occurrence of the disease is often noted in the propagating

house and in the flats, but the value of Bordeaux treatments could not be

shown in the absence of disease as a factor where the experiments were

conducted in 1930, Injuries to the leaf tissue by red spider, artificially with

the needle, and by the knife were shown to favor infection of the leaves.

Pruning the cuttings, therefore, increased the danger of infection.

Laboratory experiments with fungicides have demonstrated the super-

iority of Bordeaux mixture and calcium arsenate sprays in preventing

germination of the spores and infection of potted plants. A variety of

dust mixtures containing combinations of naphthalene, copper sulfate and

Cxlcium arsenate in combination with lime or sulfur as fillers prevented

spore germination, but on potted plants the most effective protection

against infection was obtained with dust mixtures containing calcium

arsenate. Of the dusting mixtures used in the field, calcium arsenate,

monohydrated copper sulfate and lime gave the best results; but better

control was obtained with copper sprays; e.g., Hammond's copper solu-

tion, sal soda Bordeaux and caustic soda Bordeaux. Sal soda Bordeaux
proved superior to the other sprays used, but none of the sprays or dusts

used in 1930 gave satisfactory control of the disease.

Experiments in progress show that loss from disease after the plants are

housed is influenced by the prevalence of disease on the plants in the field,
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hite benching, overhead watering for controlling red spider, over-watering,

and high house temperatures. A comparison of overhead watering and
naphthalene fumigation for combating red spider showed 27 per cent

increase in production of flowers in favor of naphthalene fumigation. The
difference is attributed to a higher mortality of plants from Alternaria and

Fusarium where water sprays were used for controlling red spider, and to

better growth among plants subjected to naphthalene fumigation, result-

ing from particular house atmospheric conditions attendant with the use

of naphthalene.

Plant Diseases not Previously Reported in Massachusetts. (O. C. Boyd
and W. H. Davis). Leaf-blight of corn, caused by Helminthosporium turci-

cum Pass., on Golden Bantam, Yellow Dent, Stowell's E\ergreen; leaf-spot of

Lupinus polyphiiJlus, caused by Alternaria sp.; Botrj'tis wilt of Lupinus poJy-

phyllus, caused by Botri/tis vulr/aris Fr. ; fruit-drop of grape, caused by Pest-

alotia nvicoJa Speg., especially severe on Brighton grape; twig-blight of

American bladdernut, caused by Coryneum microstictum Berk. & Br.; rust of

Iris sp., caused by Puccinia irid'is (DC.) Rabh.; halo blight of Lima bean,

caused by Bacierium medicaginis (Sack.) EFS. phaseoUcoJa Burk. ; bacterial

leaf-spot of cabbage and cauliflower, caused by Bacterium maculicolwm McC.

(apparently) ; angular leaf-spot of cucumber, caused by Bacterium lackry-

mans Smith & Bryan; bacterial leaf-speck of muskmellon, undescribed and un-

determined; bacterial leaf-spot of summer squash, caused by Bacterium cu~

curbitae Bryan; leaf and fruit-spot of pepper, caused by Bacterium vesica-

torium E. M. Doidge; bacterial wilt and root-rot of alfalfa, caused by Aplan-

obacter insidiosum McC; stem-rot of sweet clover, caused by Corticium vag-

um Berk. & Curt.; limb canker of blue spruce, caused by Cytospora sp., pre-

viously observed for many years but cause not determined; wilt of Japanese

barberry, caused by VerticiUimn alboatrum Reinke & Berth.; bud-blight of

Gardenia, cause undertermined, associated with the presence of mealybugs

and probably bacterial; bacterial blight of soy bean, caused by Bacterium

sujae Wolf.; leaf-spot of Zinnia (Bacterial; undet.) ; ring-spot of tobacco

(Virus).

Forcing Gladiolus with the Aid of Artificial Light. (L. H. Jones).

Gladiolus corms of tiie variety Crimson Glow, kept in cold storage during

the summer, were planted August 21 and September 11. All plants re-

ceived the normal daylight under glass. Half the plots were curtained off at

night and each of these received electric light from a 100 watt bulb. In

the planting of August 21 there was an increase of 100 per cent in tfie

number of spikes produced in the artificially lighted plots compared with

the non-illuminated plots. In the planting of September 11 fewer spikes

were produced in the lighted i)l()ts than in the lighted plots of August 21,

but no spikes at all were produced in the plots not receiving light. Several of

the spikes were in full bloom for Christmas Day. In a later experiment an

effort was made to determine whether better results could be obtained

from side lighting as distinguished from overhead lighting. Both 100

and 300 watt ligiits were used. No measurable differences were noted.

The Storage of Gladiolus Corms. (L. H. Jones). Gladiolus corms are

harvested in the early autumn and placed in storage until the following

spring. Forcing gladiolus in tlie winter has made it necessary to carry

the corms in cold storage during the summer, thus prolonging the dormant

period. A cold storage temjierature of about 38° F. gave the best results
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and usually 100 per cent germinaticMi was obtained. Experiments have

shown that corms properly stored may be kept in cold storage two years,

and positive blossoming results have been obtained after three winters

and two summers in storage. The corms should be in shallow trays to per-

mit free circulation of air. An experiment is now under way to determine

the maximum time corms may be stored.

Influence of Light Quality on Plant Growth. (A. V. Osnuin). The ex-

periment to test the effect of Vita glass on plant growth and development

has been continued with somewhat contradictory results. In one test,

radishes grown under Vita glass averaged 1.7 grams or 10 per cent less in

weight than those grown under ordinary glass; while in another test, the

difference was 3.5 grams or 14 per cent in favor of the Vita glass. Lettuce

under ordinary glass weighed 3 per cent more than that grown under

Vita glass. Compared with previous tests in which radishes under Vita

glass increased 71 per cent in weight and lettuce 76 per cent over the plants

under ordinary glass, the results are very inconsistent. The tests will

be continued.

The Effect of Decomposing Paper on Plant Growth. (L. H. Jones).

Nitrogen deficiency in a plant may result from decomposing paper in a soil

or from a plant container made of paper in contact with the soil mass.

This has been well established by incorporating paper mulch in a soil and

also with improperly water-proofed paper flower pots. When paper mulcfi

is incorporated in a soil, nitrogen starvation may ensue unless an available

form of nitrogen is supplied to the plant. LTsing tomato seedlings in

four-inch pots with and without paper mulch in the soil, it was noted that

all plants made equally good growth for one month. At the end of the

second month, the plants in the soil containing no mulch were 33 per cent

taller than plants in a soil with mulch, and averaged nine axillary shoots.

The plants in the soil containing mulch were without axillary shoots and

were more yellow in color, indicating a lack of nitrogen due to decompos-

ing cellulose.

The problem of obtaining good plants from paper pots is not one of

soil acidity nor lack of porosity. It has been demonstrated that better

plants can be grown in undrained glass containers than in porous clay

pots. When plants become yellow in paper pots, they can be made to re-

sume normal growth by an application of sodium nitrate. If the fibers in

the paper pot are so protected that decay is impossible, plants equal to

those grown in porous clay pots may be grown in these pots.

Chlorosis of Snapdragon caused by an Excess of Lime. (L. H. Jones

and H. D. Haskins). Snapdragon iilants grown in a greenhouse soil made

from a sandy subsoil mixed with manure and lime became very chlorotic.

As the new leaves were yellow in the early stage of development the cause

seemed related to a deficiency of iron in the plant. When tested for re-

action, the soil was decidedly alkaline (pH 7.9). Pot work indicated that

the trouble could be overcome by leaching the soil with a 1 per cent

."solution of sulfuric acid at the rate of one gallon per square foot. The

soil so treated was leached of acid with an equal volume of water and then

supplied with a complete fertilizer mixture. In the absence of the sul-

furic acid treatment, fertilizer materials of superphosphate, potassium sul-

fate, and ammonium sulfate, either alone or together, were ineffectual.

The iron of ferric chloride was not assimilable. Although snapdragons
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suffered markedly from the high amount of lime, stocks were quite tol-

erant and did well.

The Effect of Temperature on the Nitrate Content of the Soil and Plant

Growth in the Presence of Decomposing Cellulose. (L. H. Jones and

James E. Fuller). One per cent of cellulose in a soil maintained at con-

stant temperatures ranging from 7° to 35° C. definitely affected the ni-

trate content of the soil. The tomato, because of its upright habit, was

employed as an indicator plant. If the soil is one with a high level of

fertility, the plants are unaffected by the reduction in nitrates and the

differences obtained in plant growth were directly the result of temperature,

a marked increase in growth occurring at a temperature of 22° C. and

above. However, if the soil had a low level of fertility, temperature ceased

to affect plant growth and the response of the plant M'as dependent upon

the available nitrogen. The presence of decomposing cellulose in such a

soil reduced the dry weight of the plants as much as one-half to two-thirds

of the weight of plants grown in a soil to which no cellulose had been

added. With a soil rich in nitrogen the addition of cellulose caused a con-

siderable depletion of nitrates at the lower temperatures, while at higher

temperatures nitrification was sufficiently active to replace the nitrate used

by the cellulose decomposing organisms. In a poor soil to which a con-

siderable amount of cellulose was added the ratio of nitrate to cellulose

appears to have been so small that temperature had little influence on the

degree of nitrate depletion, the rate of nitrification, or the response of

the indicator plant.

Temperature Control Tanks. (A. Vincent Osmun and L. H. Jones).

Many changes and improvements have been made in the apparatus for

maintaining constant soil temperatures. Better results are now obtained

with less attention and lower maintenance cost. In conducting an experi-

ment of three month.s' duration no adjustments were necessary except the

replacement of a loose nut on one of the contactors. Each of the thir-

teen compartments maintained its temperature throughout the period.

This apparatus is available for many types of research. It has been of

invaluable assistance in the study of the following problems: the smut

disease of onions, black root-rot and brown root-rot of tobacco, nematode

galls, growth of gladiolus in the greenhoiise, soil temperattire in plant

containers, Verticillium wilt of eggplant.

j\n Electric Steam Generator for Sterilizer Retorts. (Howard Bidwell

and L. H. Jones). This steam generator was developed to fulfill the re-

quirements of obtaining a sterilizing pressure quickly, and is a decided de-

parture from the usual type. About 80 per cent of the water volume in

the boiler is available for supplying steam to the sterilizing chamber, with-

out danger of low water, or requiring intake of additional water during

the sterilizing process. The principle on which this generator operates

is original and eliminates the usual delay in obtaining the required steril-

izing pressure. The generator is under automatic control at all times, thus

reducing necessary attention to a minimum. The details of its construc-

tion and operation are given in a paper entitled "Packed heat from a

new type electric steam generator" accepted for publication in Industrial

and Encjineering Chemistry.
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THE CRANBERRY STATION

(East Wareham, Massachusetts)

H. J. Franklin in Charge

The station has enjoyed for tlie first time, during the most active part

of the 1930 cranberry season, the effective cooperation of the extension

services of Plymouth and Barnstable Counties. These counties togetBer

hired a special agent, an experienced cranberry grower of Kingston, Mass.,

to conduct the cranberry extension work from the middle of May till the

middle of August. The work was handled satisfactorily, and more time was

available for the station's research work in spite of an increase in the

number of extension calls.

Injurious and Beneficial Insects Affecting the Cranberry. (H. J. Frank-

lin). Various samples of pyrethrum soap were tested on different kinds of

insects to guide manufacturers of these soaps in improving and standard-

izing their products. Bog tests of pyrethrum soap sprays brought out

clearly that such sprays are entirely safe to use on cranberry vines when-

ever it is safe to spray with nicotine sulfate and soap. They are likely to

cause serious loss by blasting blossoms or newly set berries or by stunting

small berries if they are applied while the vines are in full bloom or be-

fore the berries are well started in growth. Pyrethrum extracts without

soap, such as Evergreen, did harm to blossoms and small berry sets in

some cases, but were generally much less injurious than pyrethrum soap.

The season's experience with pyrethrum soap sprays leads to the conclusion

that such sprays are preferable to nicotine sprays for treating the first

brood of the black-headed fireworm (Rhopobota vacciniana), for they are

fully as effective and kill much more promptly. The prompt kill is a

great advantage, especially if it rains soon after the spraying is done.

Penetrol, used in sprays as directed by the manufacturer, did material

injury when applied to cranberry vines during and just after the blossom-

ing period.

Bog tests showed that it takes an application of sodium cyanide solu-

tion about sixteen hours to kill a satisfactory percentage of an infestation

of the cranberry root grub (Amphicoma vuJpina Hentz.). Tests with her-

ring in tubs of water containing samples of treated bog soil showed that

the cyanide poison used to treat this grub persists in the soil in consider-

able strength at least a week. In treating the soil, six ounces of the cya-

nide had been used to a hundred gallons of water, and the solution had
been applied at the rate of a gallon to the square foot. This treatment

has proved satisfactorily effective in killing these grubs in all their stages

including the flaccid stage that comes just before pupation, but it seems
to kill the pupae much less readily. It should therefore always be com-
pleted before the grubs begin to pupate.

Submergence tests were conducted with partly grown nymphs of the

cranberry black bug (Plagiognathus repetitus) and of the false blossom
leafhopper {Ophiola striatula Fallen). The insects, in tin coffee cans with
muslin tied over the tops, were submerged to a depth of about a foot in

Spectacle Pond at East Wareham. A complete twelve-hour submergence
v.'as not enough to kill all the nymphs of either of these two species; but
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eiahteen liours killed them all. It apiicar.s, therefore, that these pe.st.s can

be controlled more safely by flooding in .Tune than ha.s heretofore been

thought po.ssible.

In cooperation with the Bureau of Plant Industry, a very satisfactory

chemical color test was developed for determining roughly the oxygen

content of water used in bog flooding. This test is so simple that it may
be used readily by cranberry growers.

Cranberry Disease Work. (H. J. Franklin in cooperation with the

Bureau of Plant Industry, U. S. D. A.). Forecasts of the very poor

keeping quality of the fruit of the 1930 cranberry crop were made by the

station. They were based on we;ither records and incubator tests and

proved to be timely and accurate.

Weather Observations. (H. J. Franklin). Local weather observations

were made and reported to the office of the Weather Bureau at Boston,

and further records bearing on frost forecasting were gathered from

various special stations as in previous years.

Forecasts of minimum bog temperatures were made in the frost sea-

sons in the early afternoon and early evening and distributed by telephone

as heretofore. Frost conditions were so accurately determined that flood-

ing for frost protection was not once begun unnecessarily at the station

bog, and three of the four times that such flooding was done there the

water was started on in the middle of the afternoon. No one ever re-

mained at the station to watch conditions after the early evenin|g observa-

tions were made, and the amount of injury to the bog from frost was

negligible.

Southeastern Massachusetts, in common with much of the rest of the

country, had the worst drought during July that it has experienced in a

great many years. Advantage was taken of this to gain information about

the effects of drought on cranberry fruiting. For this purpose plots were

laid off on Early Black and Howes sections on the station bog and were

watered with about two inches of water once a week during the drought

period. The water was put on with a hose, the open end of which was

pushed in among the vines at intervals so as to wet the soil well without

wetting the vines. The berries from these plots and from unwatered

checks near them were picked on the following dates: Early Black variety

on September 6; Howes variety on September 18. The berries from tlie

watered areas were notably larger in all cases than were those from the

checks, as shown by the following average cup counts (the inspectors'

cup of the New England Cranberry Sales Co. being used)

:

Variety Cup Counts

Watered Areas Checks

Early Black 114 140

Howes 14-5 16.5

The average quantity of fruit per unit of area was .50 per cent greater

by weight and 55 per cent greater by volume from the watered areas than

from their checks. The berries from the watered areas had a much better

color than those from the checks and were evidently fully ten daj^s ahead

in ripening.

Varieties. (H. J. Franklin). The study of cranberry varieties, their
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characteristics and correlations received more attention during the year

than any other one line of investigation. It was found that the most

desirable varieties, as measured by productiveness and disease resistance.,

seldom or never develop berries with more than four locules, while berries

Mith five or six locules are not uncommon among the fruit of many
inferior varieties. As a result of these studies with cranberry varieties,

the following conclusions have been reached:

(1) Disease resistance is a unit. In other words, varieties that resist

one disease notably tend to resist other diseases well.

(2) Disease resistance is an intimate co-function ivith productiveness.

(3). The significance of the important correlations bearing on produc-

tiveness and disease resistance apparently mai/ he expressed by the foUoxcing

formula:

P+R+M==T—AV

In tills formula, P is productiveness as measured by the number (not the

quantity) of berries produced to a unit of area, R is the amount of disease

resistance, M is the minimum of plant structure necessarj' for the fruit pro-

duction, T is the total result of the constructive work done by the vital ac-

tivities of tiie plants, and AV is the total of the \arietal wastes. The following

are the leading wastes so far noted and determined:

(a) Seeds. Only a few small seeds are necessary. The more numerous

and the larger the seeds, the more they tax the plant economy needlessly.

(b) ]Va.v. A bloom on the fruit is not essential, and its development

seems to l)e very costly to the vines.

(c) Sugar. Much sugar in the berries is not essential.

(d) Pectin. This has not been studied nuich yet, but it is likely to be

one of the wastes.

(e) Excessive vine groit'th. as indicated by coarseness of the vines or tall-

ness of the uprights or both.

As M in the above formula should be practically the same for all vari-

eties, the value of P+R necessarily varies directly with the value of T—W;
and since the accumulated records and observations of the actual per-

formance of diflPerent varieties indicates that the value of P+R is in-

versely and greatly dependent on the value of W, it seems probable that

T varies only moderately on the average. As will be seen, when the value

of T—W is low, P can have a high value only when the value of R is low

and vice versa.

Through special assistance during the summer months, the photosynthesis

of several of the leading varieties was studied. Hydrogen-ion determina-

tions were made of the fruit of a large number of varieties and the pH
value was found to be about 2.6 with all varieties at all times during the

picking and storage season.

Cultivated Blueberries. (H. J. Franklin). Fairly extensive counts of

the seeds of quite a number of cultivated blueberry varieties were made
and it was found that the most desirable varieties, as measured by the

quantity and size of berries produced, had notably fewer seeds than the

otiiers in nearlv all cases.
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DEPARTMENT OF DAIRY INDUSTRY
J. H. Frandsen in Charge

A Study of Packaged Ice Cream. (K. E. Wrigiit). This project has

been continued throughout most of the year, and the results have been

tabulated and published as Bulletin 269.

The Effect of Initial Cooling Temperatures on Gelatin in the Aging

of the Ice Cream Mix. (K. E. Wright). "Work so far completed on tliis

project indicates that much of the texture benefits resulting from aging

an ice cream mix are associated with the viscosity imparted by gelatin,

and that high initial temperature in the aging period favored the develop-

ment of greater viscosity. It was also determined that the maximum
viscosity was found to be imparted when the mix was allowed to cool from
80°-100° F. to lO" F. without agitation, and that the whipping property

was decreased as the viscosity increased.

This work as far as completed indicates tliat the results of aging an ice

cream mix are dependent upon the factors affecting crystallization of the

gelatin portion of the product.

Factors Affecting the Aging Time of Ice Cream Mix. (K. E. Wright).

Work so far completed would indicate that the solidification of fat in tlie

aging of the mix is a minor factor and tliat the adsorption is probablj'

the important factor.

Only 50 per cent of the benefits of aging in a 24'-hour period are ob-

tained during the first 4 hours, and the rate of adsorption or whip improve-

ment appears to depend on the amount of emidsifying agent available, i.e.,

a butter mix improves more slowly than a cream mix or one containing egg

yolk. A fairly satisfactory relation was found between the surface ten-

sion and the ease of whipping. In all cases a decrease in surface tension

was noted after a 24-hour aging period. Cream mixes were found to have

less surface tension than butter mixes. Buttermilk was found to have

a lower surface tension than skiTnmilk, and the addition of buttermilk to

a butter mix lowered the surface tension of the mix and improved its

whipping property.

Extractions of egg yolk with various fat solvents indicated that the

.solvent altered the emulsifying agent. An ice cream freezer was developed

which was found to be very useful for experimental freezing and is an

improvement over the commercial freezer because of its smaller capacity.

Chemical study of the emuLsifying ingredients of ice cream mixes is being

continued along with cataphoretic measurenients of the effects of the in-

gredients whicli aid cmulsification.

A Study of Frozen Sweet Cream for Use in Ice Cream. (M. J. Mack).

This project has been active the last two years and full report is published

in Bulletin 268.

The Utilization of Frozen Fruits in Ice Cream. (M. J. Mack). This

study is being conducted in cooperation with the Department of Horti-

cultural Manufactures. The third crop of such fruits as strawberries,

raspberries, cherries, and peaches is now being studied. This year the

fruit has been packed with cane sugar in fruit to sugar ratios of 2:1 and

3:1, with sugar syrup, with invert sugar, and in partial vacuum. Fruits

preserved in these different ways are being compared in order to deter-

u'ine their relative merits for use in ice cream.
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Use of Gelatin in Ice Cream. (W. S. Mueller). Investigation for new
uses of gelatin in ice cream has resulted in developing (1) gelatin fruit

cubes, (2) modified Aufait ice cream, (3) filling for ice cream pies and

cubes. The same principle is employed in all these uses; namely, the addi-

tion of edible gelatin to fruit juice or to a water solution containing fruit

acid. Crushed fruits may also be added. The fruit cubes are cut to ^/^

inch size and scattered into the ice cream at time of drawing. Modified

Aufait ice cream is made by placing layers of jellied fruit juice, with or

without crushed fruit, into brick ice cream. The filling for the ice cream

pies is similar to the material used in making the modified Aufait ice cream.

Some difficulty has been experienced in keeping tiie jellied fruit juice clear,

due to the low temperatures to which it must necessarily be subjected when
used in ice cream. This troublesome ice crystallization has been largely

overcome by using the correct amount and kind of sugar and also main-

taining the correct amount of acidity. A variety of sugars; namely, cane,

corn, invert and corn syrup, has been used in various combinations.

Freezing point determinations are being made for various sugar-gelatin-

H2O solutions. The addition of jellied fruit juice to ice cream seems de-

sirable from the standpoint of attractiveness which the clear, bright-colored

jellied fruit juice gives to the ice cream.

A study of the eflTect of time and temperature in cooling an ice cream

mix upon the behavior of gelatin has been made. Initial cooling tempera-

tures ranging from 0°C. to 60°C. were used. An initial cooling tempera-

ture of 20° C. for 4 hours gave the maximum basic viscosity, increased

the gel strength, increased melting resistance and improved the texture for

the particular mix used. A study is now under way to determine what fac-

tors influence the degree of results obtained when using a high initial cool-

ing temperature. The following factors are being studied:

1. Strength of gelatin

2. Amoimt of gelatin

3. Amount of butterfat

4. Amount of serum solids

5. Amount of sugar

6. Source of butterfat and serum solids

A new type of colloid mill is being used experimentally in place of a

homogenizer for processing ice cream mixes. The effect upon the physical

properties of the mix and the desirability of the finished product are being

studied.

Preliminary experimental work on the value of gelatin in retarding

"sandiness" in ice cream has shown that gelatin has a greater value in

this respect than is generally conceded.

A number of commercial stabilizers are being used with gelatin in ice

cream. Preliminary experiments have shown a mutual precijiitation of

gelatin with some of the stabilizers and no mutual precipitation with others.

Experiments are now being planned to determine the cause for this mutual

precipitation.

The Comparative Efficiency of Electrically-operated Tanks Versus Ice

in the Cooling of Milk. (J. H. Frandsen). Whether the tank is of home
construction or specially manufactured, it is essential that it be of ample

capacity; roughly speaking, when filled with cans to full capacity there

should still be room for twice as much water and ice as milk. If the tank
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is of home construction, there should be at least 3 or 4 inches of cork or

its equivalent and this of course must be protected against moisture. Such

insulation saves more than its cost in saved refrigeration in one season.

Electric cooling of milk is entirely practicable. The machines tested are

convenient, reliable, and, if well adjusted, economical, although the prob-

able service cost and annual depreciation charge were not determined.

Electric milk cooling tanks are a distinct labor-saving device and are more

sanitary than natural ice.

DEPARTMENT OF ENTOMOLOGY

A. I. Bourne in Charge

Investigation of Materials Which Promise Value in Insect Control.

(A. I. Bourne). Further studies were nuide of the different types of oil

sprays with special reference to European red mite control. Red mite in-

festation was comparatively light throughout all the college orchards.

Under such circumstances all the oils gave satisfactory control with but

slight distinctions between types.

Quad and triplex nozzles proved to be as satisfactory as spray guns and

superior to old-type rod and nozzles. They were superior to guns in

maintaining a mistlike spray enveloping the trees, and coverage was prac-

tically as rapid. Guns were superior under unfavorable wind conditions.

Weather conditions were favorable during the delayed dormant period.

The temi)erature was somewhat above normal, but not excessively so as

in 1929. No injury was noted following any oil spray used.

Of the miscible oiLs, Sunoco, Scalecide and Dendrol showed their cus-

tomary high efficiency; well over 9.5 per cent control. Of the emulsions,

Kleenup at 4. gallons to 100 gave 9.5 ])er cent control, somewhat better

IJian results in 1929.

Tests of miscil)le oils combined with coiuniorcial copper fungicides and

of soapless emulsions with lime-sulfur showed no mjury to the trees or

lessened insecticidal efficiency of the oils.

Comiirehensive tests of relative coverage of different oil sprays and of

lime-sulfur, in a block of 15-year-old apples selected because of the

imiformity of size and spread of the trees, indicated a considerable super-

iority of the oils over lime-sulfur in material and time necessary to spray

the same number of trees. The differences between tlie various types of

oil sprays were comparatively small, and would not point to ai)i)reciable

{superiority of any one type over another when con.sidered on a commercial

basis.

In cooperation witii Tiie Pomologx' Doparlmeiit, tests were made with

some of the materials or combinations of materials designed to replace lead

arsenate as a stomach poison or to furnish a fungicidal action equal to

lime-sulfur and at the same time avoid the toxic effects of tiie lead ar-

senate—lime-sulfur combination u])on fruit and foliage.

Calcium arsenate in condiination with aluminum sidfate and lime-sulfur,

with lime-sulfur alone and with the addition of excess lime was used in a

block of five varieties of ajiples which included four of the so-called "New
England Seven", namely Baldwin, Northern Spy, R. I. Greening and Mc-

intosh. These sprays were compared with the standard lead arsenate—lime-
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sulfur combination used witii and without tiie addition of a casein spreader.

The schedule which was followed consisted of a pre-blossoin and a calyx

spray, two cover sprays, and an apple maggot spray in July.

The aluminum sulfate—calcium arsenate—lime-sulfur combination showed

excellent persistence and caused neither injury to foliage nor russeting of

fruit.

Calcium arsenate and lime-sulfur showed good adhesive qualities but

caused considerable burn to foliage of Mcintosh and serious burn on other

varieties. With the addition of excess lime burn was not so severe but

was present on all varieties including Mcintosh. Both sprays caused ,i

considerable drop of leaves during June and July, although to a less de-

gree when excess lime was added.

Slight burn was noted following the lead arsenate—lime-sulfur combina-

tion both with and without casein spreader. The varieties showed con-

siderable difference in susceptibilitv to burn. Injury was most pronounced

on foliage of Baldwin and King; least so on Mcintosh.

Flotation svdfur and calcium sulfide, two new materials designed to re-

place lime-sulfur as fungicides, were used in combination with lead ar-

senate to test their compatability with that material. These were used

in lilocks of Mcintosh, a variety subject to scab, and Baldwin, which is

very susceptible to spray burn and russeting. Neither of these materials

caused injury to foliage or russeting of fruit on either variety, and both

showed good coverage and excellent persistence throughout the season.

The comparative value of these sprays is shown in the following table,

based on examination of tlie Mcintosh crop at harvest.

Mcintosh Apples, Block A

PERCEXTAGE OF FRUIT SHOWING
Treatment Scab Insect Injury

Calcium arsenate 1

Aluminum sulfate > 37
Lime-svdfur J

Calcium arsenate ) ^ „.
Lime-sulfur 3

Calcium arsenate ^

Lime-sulfur > 2 28
Excess lime J

Lead arsenate |
^

„_
Lime-sulfur - j

Lead arsenate ]

Lime-sulfur -j- 2 14
Spreader J

Check : 54 58

Mcintosh Apj>les, Block E
Flotation sulfur | ^ .-, .

Lead arsenate |
~

Calcium sulfide - ^ a
Lead arsenate —j

Lead arsenate ) • . -^
Lime-sulfur j

Check 55 49
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All of the sprays sjiowed excellent control of scab as compared with

unsprayed checks. Combinations containing calcium arsenate controlled

scab as well as did those containing lead arsenate, but were slightly less

efficient against insect pests. Flotation sulfur and calcium sulfide coni-

bined with lead arsenate controlled scab as well as or better than the

lead arsenate—lime-sulfur spray and showed somewhat better control of

insect pests. The record on Baldwins showed sin\ilar results excejit that

scab was practically absent in all the sprayed plots.

Control of Onion Thrips. (A. I. Bourne). The dry, hot weather early

in the season interfered somewhat with the growth of both set and seed

onions and tiireatened an early and heavy infestation of thrips. Subse-

quent rains during June and July allowed the plants to make rapid re-

covery and tended to retard the development of the insects. As a result,

thrips were but moderately abundant and caused less injury than in 1929

except in some fields of seed onions adjoining sets.

The seasonal development and activity of thrips were normal and oc-

curred at the usual periods. This insect did not reflect the tendency ofi

the season to be somewhat earlier than usual, which was very noticeable

in many crops as well as insects.

Observations, through the growing season, of a field of seed onions at

a distance from sets showed the infestation of thrips to be negligible up

to Jul.v 7, from July 21 to 28 it averaged 25 to 40 thrips per plant, and

reached its peak during the week of July 28 to August 4 with an average

of 40 to 42 thrips per plant. This coincided very nearly with the point

where the plants had reached maximum height. Beyond this point the

numbers of thrips fell rapidly. In this field the plants showed little scar-

ring and matured a good crop.

In contrast to this, a field similar to the above but subject to infestation

from an adjoining field of set onions was found to be infested early in

the season, and by July 7 the number of thrips had reached an average

of 35 per plant. By July 14 noticeable injury^ was taking place. The peak

of abundance was reached on July 28 with an average of more than 80

thrips per plant. Plants in this field were not making satisfactory growth

and were badly scarred by the insects. Two applications of the nicotine-

soap spray reduced the average infestation from 80 to 10. These plants

revived somewhat and made new growth but matured a small and rather

inferior crop.

Several species of insects predacious on thrips were collected in onion

fields. Their numbers were insufficient, however, to make any significant

inipression upon the infestation.

Four applications of nicotine soap spray were necessary to protect seed

onions growing alongside fields of sets. Due to the transferrence of thrips

in large numbers from the sets and consequent early colonization of the

small, tender plants of seed onions, two of these applications were made
earlier than would be necessary on fields not so exposed.

In connection with the study on l)last in cooperation with the Botany

Department, spraying and dusting experiments were conducted with Bor-

deaux mixture, commercial copper fungicides and with milk of lime,

alone and in combination with nicotine. The weather conditions prevailing

during the summer were unfavorable for the develojiment of blast. Mildew

was also absent. In the absence of disease, no appreciable increase or de-
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crease in jield resulted from dustinu-. Yields were increased somewhat by

applications of Bordeaux sprays. Onion fields in the Valley were observed

at frequent intervals during the growing season to note the appearance an3

extent of disease and insect pests. No instance of blast or mildew was dis-

covered. Dry weather and a moderate infestation of thrlps were the chief

factors aflfecting the crop.

Control of the Plum Curculio in Apples. (W. D. Whitcomb, AValtham).

Although fruit growers secured l>etter control of the plum curculio in

1930 than in recent seasons, this appeared due to cumulative benefits

from improved control measures and timely spray applications rather

than to a noticeable increase in natural mortality. Tlie infestation, de-

termined by the number of larvae emerging from one bushel of un-

sprayed dropped apples in 1930 was 3047, compared with 3137 in 1929,

and 2379 in 1928.

Preliminary studies of the effect of temperature on the activity of the

plum curculio showed that beetles confined at temperatures above 70° P.

made three times as many punctures (1991) as those held below 70° F.

(629). The corresponding number of punctures at normal outdoor tem-

peratures was midway between the two extremes (1191).

The effect of maximum daily temperatures on curculio activity as de-

termined from insectary records of the past four years is variable yet

shows an average increase of 12 to 27 punctures per day for each 10° rise

in temperature.

Beetles feeding on well-sprayed fruit of normal size at the time of the

calyx spray lived 10.6 days, and when supplied with normal fruit one

w^eek later they lived 10.3 days. With sprayed fruit gathered two weeks

and three weeks after the petal-fall period for food, the beetles died in

4.9 days and 3 days respectively.

In both laboratory and field experiments, barium fluosilicate and syn-

thetic cryolite failed to control the plum curculio as well as eqiial amounts
of lead arsenate. Chemical hydrated lime added to the lead arsenate-

lime-sulfur combination spray was also less effective than the standard

solution. Molasses, fish oil, or linseed oil used as a sticker with lead ar-

senate was more effective than flour paste or calcium caseinate. An 85-15

sulfur—lead arsenate dust was very effective in the laboratory, but barium
fluosilicate-lime, cryolite-lime and naphthalene-lime dusts failed to kill the

beetles.

The Spray Residue Problem. (A. I. Bourne). Another season of light

rainfall again emphasized the necessity of careful arrangement of the

spray schedule in order to avoid arsenical residue on fruit at harvest,

in excess of the established limit of tolerance. Rainfall was considerably

below normal, although the deficiency was not as great as in 1929. The
fact that the greatest shortage was in late July and August was of con-

siderable significance, since it followed the sprays applied in late July for

apple maggot and codling moth control, increasing the risk of residue

from those applications.

Attention w^as centered chiefly upon commercial orchards where the

schedule included one or two July applications of spray, and on those

which were dusted once or more in August. Cooperative tests of differ-

ent dust materials were made in one commercial orchard.

Analysis of fruit from these orchards shows that in a season such as
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I'JoO, Wealtliy and siiiiilnr varieties shoiiid not he sprayed later tlian about

July 10. If further protection is necessary, dusts siiould be used. Mc-
intosh sprayed as late as the third week of July showed a sutficient mar-

gin of safety unless heavy, drenchin.tf api)lioations were made. Baldwins

could be sprayed through July with safety. In all cases where sprays are

jil^plied after July l-i, any spreading- or sticking agent should be omitted

and lighter strength of lead arsenate should be used.

Results showed that dusts, if properly applied to Mcintosh or Baldwin,

could be used as late as August 15 without encountering any difiiculty.

The Biology and Control of the Carrot Rust Fly. (W. D. Whitcomb.
Waltham). The average over-wintering population of the carrot rust fly

at Waltham in 1930 was 39 pupae per square foot where infested carrots

remained in the soil, compared with 79 per square foot in 1929, and this

should have produced a normal moderate infestation in early carrots.

However, the injury by the first generation was negligible, apparently

due to tiie dry, iiot weatlier during the oviposition period in early June.

Under laboratory conditions twenty eggs kept in the greenhouse at tem-

peratures always above 70° failed to hatch, while a similar number of eggs

in a root cellar maintained at 60°-70° F. hatched perfectly in twelve and

thirteen days.

The normal second generation infestation was consequently very light,

but a moderate amount of injury was caused in October by a combination

of third generation and late second generation maggots. Flies emerged as

late as November 10.

Carrots planted May 1 or later were free from injury by the first genera-

tion, and the variety plantings showed no definite degree of immunity be-

cause of the general light infestation.

Early carrots were very free from injury when grown with or without

paper mulch, but those under paper were 20 per cent heavier.

The results of the insecticide treatments in the field were inconclusive

because of the light infestation. Carrots grown from seed treated with

calomel showed considerable mercury russeting.

Derris dust, both pure and diluted 1-2 with gypsum, was very effective

in killing the adult flies, and prevented oviposition, while eight other ma-

terials were much less etfective, in the laboratory.

All larvae in infested harvested carrots were killed by fumigation with

paradichlorobenzine and carbon disulfide. The carbon disulfide used at

the rate of 4 ounces for each 100 cubic feet for eighteen hours was the

better treatment.

Systematic Study of Oil Sprays. (A. I. Bourne in cooperation with

tiic I")epartmcnt of Chemistry). During the winter, laboratory tests

were made of the stability of samples of oil sjirays prepared by the

Chemi.stry Department, to determine the relative value of different emul-

sifying agents as well as of various proportions of oil and emulsifier.

Three samples of oil sprays were submitted for preliminary orchard

tests. These consisted of a miscilile oil (83% per cent oil), and two types

of oil emulsions (66 per cent oil). Two of these gave iiromising results

and indicated the direction for further development of the work.

Apple Maggot Control. (A. I. Bourne). The serious nature of this

pest, its abundance in recent years, and the threatened loss of foreign
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markets for Massachusetts apples led to a study of ditferent control meas-

ures and any adaptations necessary for Massachusetts conditions. The

work was done in cooperation with the Extension Service and in con-

junction with the county agents.

The twelve orchards chosen for tlie tests represented, in their size,

type, location, etc., a very fair cross section of the fruit growing- iudustry

of the State, and in e\ery case maggot had caused serious loss to the crop

of the previous season.

The program called for

—

(1) Regidar and thorough collection of jireniature drops during the

period of maggot infestation, and prompt disposal of such infested fruit.

(2) Treatment, either by spraying or removal, of neglected trees or

orchards within 200 yards of the test blocks. In many cases this in-

volved arrangements with neighi>oring owners, sometimes difficult to ac-

complish.

(3) Thorough spray or dust program to jirotect fruit and foliage dur-

ing the period of activity of the adult flies.

In determining results Mcintosh was the variety checked, since this was

common to all the orchards. In the ten orchards where the program was

carried out in full, maggot infestation in fruit scored was less than 1 per

cent. Records of infestation in some of these orchards in If)2f) showed

the following comparison:

Orchard Percentage of Maggot Infestation

No. 1929 1930

1 25

2 90 .8

3 26 (Baldwins 40) .3

4 Destroyed practically entire crop .1

because of maggot infestation

Supplementary observations on other varieties supported the results

noted on Mcintosh. The Cortlands in one orchard in 1929 were so badly

riddled by maggot that the grower trucked the entire crop to the cider

mill. In 1930 this variety showed but 2 per cent infestation.

Orchard surveys conducted by state and county agencies showed that

apple maggot was present in considerable abundance throughout the

State in 1930. In one instance an infestation of 78 per cent was noted,

and in several orchards fruit showed 30-40 per cent damage. In very

many cases an infestation of 10-15 per cent was noted. The results se-

cured in the test orchards, therefore, would not appear to be attributable

to any scarcity of the pest this past season.

In addition to checking ajiple maggot, the spray ]irogram in the test

orchards enabled the growers to control many other pests and made It

possible for them to harvest better quality fruit. Five of the ten growers

produced Mcintosh, 90-95 per cent of which was free from insect or

disease blemishes. In three other orchards the fruit scored 80-85 per cent

clean. The improvement made by these growers in the (|uality of the

fruit produced is indicated by the following examples:
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Orc'liard Percentage of Crop Clean

No. 1929 1930

1 1.6 51

2 10 83

3 40 82

4 Less than 10 95

One of the most encouraging features of the campaign was the fact

that the late sprays or dusts recommended for control of the apple mag-

got gave such excellent protection against other pests as well that their

use was justified aside from the question of maggot control.

DEPARTMENT OF FARM MANAGEMENT

J. A. Foord in Charge

Enterprise Relationships and Farm Organization on Selected Dairy

Farms in Western Massachusetts. (R. L. Mighell). The work on this

project has been somewhat more specialized than last year. Simple finan-

cial records have been continued by the owners of the farms used in the

project. A more detailed study of several of the farms, based on the

records already obtained, has been made by the investigator and some sug-

gested changes in organization have been adopted. Time studies of several

farm operations have already been made and more are in progress.

Types of Farming in Vegetable Gardbn Areas. (F. H. Branch and

R. L. Mighell). This project was begun as a part of the extension work

of the department, but owing to the demand for information, it seemed

wise to make it one of the major projects for investigation. The Exten-

sion Service contributed funds for obtaining the data in the field; and the

work was done during the summer. More than a hundred growers in the

counties of Bristol, Essex and Middlesex were visited, and 320 enterprise

records obtained. The tabulation and study of this material revealed im-

portant differences and several special types of organization.

The material will be available for Extension Service use this winter and

also serve as a basis for investigations in these areas in the future.

Live Stock Management, Methods and Costs. (J. A. Foord). Data are

being accumulated on tlie methods and exjiense of eliminating Bangs
Disease in herds, as well as the advantages and labor involved in different

methods of housing and handling dairy cattle.

FEED CONTROL SERVICE

Philip H. Smith in Charge

The Feed Control Service comprises not only feed inspection, but sev-

eral other activities, as listed below:

Feed Control (General Laws, 1920, Chapter 94)

Seed Control (General Laws, 1927, Chapter 94)

Dairy Law (General Laws, 1920, Chapter 94)

Advanced Registry Testing

Miscellaneous Work
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Feed Control. (P. H. Smith, H. R. DeRose, A. F. Spelnian, G. J.

l,arsinos, J. B. Zielinski, Jr/, J. W. Kuzmeski^, F. A. McLaughlin, J. T.

Howard). During the fiscal year, 1,738 samples of feeding stuffs officially

collected were examined in the control laboratories. The results show
that at least 96 per cent of the samples collected varied less than one per

cent from stated guarantees in protein, fat and fiber content. The gross

receipts from the registration of feeding stuffs in 1930 (calendar year)

were $21,000, derived from 1,050 brands at $20 each.

Seed Control. (P. H. Smith, F. A. McLaughlin, O. W. Kelly', Elizabeth

F. Hopkins% Margaret E. Nagle). From October 1, 1929, to October 1,

1930, the seed laboratory analyzed 8.54 seed samples, 349 of which were

collected by the State Commissioner of Agriculture, 390 sent in by dealers

and farmers, and 115 from the Rhode Island State Commissioner of Agri-

culture. Classification of these analyses is shown by the following sum-

mar v.

Summary of Samples Analyzed

Rhode Island
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One luindred and sixty creameries, milk depots and milk inspectors'

laboratories were visited in order to check methods and pass upon equip-

ment in use. As a result of tiiis inspection, tiiree machines were con-

demned outrifiht, major repairs were ordered on five, and minor on twelve.

In eiijhteen places new glassware was ordered, and at four, operators were

cautioned on account of improperly cleaned glassware. Twenty-seven

places were ordered to keep composite samples in better condition. Where

it is thought necessary, re-inspections will be made. At the request of

interested individuals, special investigations were also made at four differ-

ent plants.

Advanced Registry Testing. (P. H. Smith). Advanced registry testing

has been supervised by this department since its beginning in 1902. This

work has been carried on for so long that there is no material growth in

it from year to year. The M'ork at this time (November 1929) is of

practically the same volume as it was a year earlier. There are now on

yearly test 602 cows located on 77 different farms. This does not include

the herd tests where all animals in each herd are placed on test. Of these

there are eighteen, six of which are supervised by men sent out from this

office and twelve by cow-test association supervisors.

Miscellaneous Work. (P. H. Smith, J. W. Kuzmeski, J. B. Zielinski, Jr.,

A. F. Spelman, G. J. Larsinos). Numerous analyses have been made for

residents of the State and other departments of the College. Especial

attention is called to the increasing number of dry matter determinations in

connection with forage crop experiments. This work has become a real

burden upon other work of the department and should it increase material-

Is, the employment of an additional assistant during the summer months

will be necessary.

Summarj/ of Miscellaneous Work, 1930

Materials sent in:

Milk and cream, butterfat only 388

Milk, solids and fat 28

Feeds 66

For other departments of Experiment Station and College:

Milk, for butterfat 200

Dry matter, forage crops 1,324

Complete fodder analyses 177

I)rv matter and nitrogen 127

FERTILIZER CONTROL SERVICE

H. D. Haskins in Charge

Fertilizer Inspection. (H. D. Haskins, 11. H. Deiiosc, A. ¥. Spelman,

J. B. /iclinski, Jr., and G. J. Larsinos). During the season, 13.3 firms

or individuals have registered for sale in Massachusetts 598 brands of

mixed fertilizers and unmixed fertilizing materials and 26 brands of agri-

cultural lime and gypsum. The nature of these materials, as well as statis-

tics with reference to the inspection, is given in the following summary.
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Brands
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personal contact with the individual, in the analysis of a variety of materi-

als of interest to agriculture. Where the results of the work are of prin-

cipal interest to the individual a nominal charge has been made as in the

past. Interpretations and advice accompany the report of analysis in all

cases. The following materials have Jbeen analyzed under this heading:

Complete fertilizers 11

Fertilizer chemicals and unmixed materials 73

Fish, tankage and bone 5

Lime products 1

Insecticides 1

Manures 3

Manufacturers' by-products, for fertilizer value - 3

Miscellaneous 2

Peat products 15

Soils, complete chemical analysis 7

Soils, partial chemical analysis 12

Soils, mechanical analysis 10

Wood and cotton hull ashes 14

In addition, the usual amount of cooperative work has been done for

the Association of Official Agricultural Chemists, consisting of analytical

work for the Referee on Nitrogen, and service on the Committee on Defi-

nition of Terms and Interpretation of Results on Fertilizers and Lime
Products.

Vegetation Pot Experiments. (H. D. Haskins, G. J. Larsinos and

H. R DeKose). An experiment comprising 79 pots in a study of phos-

phoric acid availability of 18 phosphates was begun. It is hoped that the

experiment may be continued for two years more before final conclusions

are drawn. A vegetation experiment was also conducted in further study

01 the nitrogen availability of processed low-grade organic substances, oil-

extracted seed residues and other organic nitrogenous materials which are

largely used in mixed commercial fertilizers. Pots were also included to

note the effect of manganese sulfate. Detailed results of these experiments

are reported in Control Bulletin 54.

DEPARTMENT OF FLORICULTURE

Clark L. Thayer in Charge

Study of the Effect of Plant Nutrients on Carnations and Roses Under

Glass. (II. E. AVhite, Waltham). This project was started in June. 1030,

with the aim of studying the effect of the sources of nitrogen and phos-

phorus (organic and inorganic) on growtli and flower production. Fifteen

plots of thirty-five plants each of carnations, triplicated, and fifteen plots

of twenty-four plants each of roses, duplicated, were established; fifteen

fertilizer treatments are being used.

Since the first heavy crop of carnations is just coming into bloom, it is

not possible to present data on flower production. The plots receiving the

following treatments have produced taller and heavier plants:—manure

and superphosphate, manure and peat, superphosphate and peat. Tiiere



Plot No.
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methods used in the study and the residts obtained. (Bulletin No. 263;

April, 1930).

The field work for tlie study of transportation of pupils to rural ele-

mentary schools has been finished and the data are in process of talniTa-

tion. The study includes consideration of methods of awarding transporta-

tion contracts, requirements as to type and condition of vehicles, behavior

oi' drivers, planning of routes, length of time transported pupils are away
from home, and the relation of transportation to school absences and

various ]Mipil illnesses. In most of the rural Massachusetts towns, the

entire problem of transportation is settled on the basis of financial econ-

omy, the other factors being unregarded; while the experience of a few

towns shows that transportation can. if sufficient thought is given to the

matter, be so arranged tliat the healtli of the pupils is not adversely

affected and, at the same time, costs be kejit witliin reasonal)le bounds.

The Comparative Values of Milk and Tomato as Supplementary Feeding

in a Rural Elementary School. (E. Davies and M. V. E. Voorneveld'i

.

After one year of experimental feeding in a rural school in the eastern

part of the State, the study is being continued for a second year in a con-

solidated school of similar size and racial composition, in the Berkshires.

The data cannot be tabulated until the end of the second year of ex-

perimentation, and it is not now possible to reacli any conclusions as to

the comparative value of the food stuffs studied.

The Value of Evaporated Milk for School Food Service. (E. Davies and

(). A. Merriam). This project is similar in purpose and method to that

concerned with fresh milk and tomato as materials for supplementary food

service in schools. Tiie experimental work is to continue for two years,

and is being carried on in a village having a very large proportion of

children of foreign-born parentage enrolled in the sciiools. No informa-

tion regarding the outcome of tiie experimental work is available at tlie

present time.

DEPARTMENT OF HORTICULTURAL MANUFACTURES

W. W. Chenoweth in Charge

Extraction of Fruit Juices by Heat. (C. R. Fellers). This project has

now been completed and the results are l)eing prepared for publication.

Optimum extraction methods for jelly manufacture are outlined. A new
rapid centrifugal method for the determination of pectin in fruit juices

has been developed which is sufficiently accurate for ordinary work.

Concentrated pectin extracts made from cull apjiles or thinnings, are

readily prepared, inexpensive, and. when freshly prei)ared. suitable for use

in jelly making. However, after a few months' storage precipitation

occurs, and the pectin loses much of its jellifying properties. Homemade
pectin extracts should, therefore, be used while fresh.

A numlier of commercial benzoate cider preservatives were examined
for suitability for use in freshly prejiared cider and gra)ie juice. Great

differences were noted. In general, too much benzoate is added to cider,

from .05-.06 pev cent being sufficient if tlie cider is fresh and reasonably

free from sediment. The sharp taste of benzoated cider is due largely

to chlorine impurities in the preservative.
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Several types of equipment designed to determine tlie jelly strength of

Jellies have been compared. Work is being done on the development of

a new jelly tester similar in construction to the Magness fruit pressure

tester.

Manufacture and Preservation of Cranberry Products. (C. R. Fellers,

J. A. Clague, and W. W. Chenoweth). Close cooperation with the Ameri-

can Cranberry Exchange and the commercial cranberry preservers has

been maintained. The use of the Abbe refractometer for determimng

the proper finishing point in cranberry sauce manufacture has been intro-

duced into all of the commercial canneries. By this means the quaRty

of the sauce is maintained and every batch can be standardized to a defi-

nite sugar content (42-44- per cent), insuring also maximum yields consis-

tent with optimum jelly strength.

Frozen cranberries held at 10° F. for 1 to 12 months were found to be

very satisfactory for sauce manufacture, the sauce retaining all the flavor,

color and jelly strength of the fresh-fruit sauce. This year some of the

canners are freezing several thousand barrels for manufacture during

the off season.

Canned cranberry sauce was shown to be impaired by freezing. The

jelly strength was decreased as much as 20 per cent and syneresis (bleed-

ing) was greatly increased.

Researches are under way in cooperation with the State Cranberry Sta-

tion on the suitability of about 30 commercial varieties for canning pur-

poses. Strained and whole sauce is manufactured from each variety, the

yield, characteristics and keeping qualities being noted.

The American Cranberry Exchange of New York, through a grant of

$1000, requested the department to carry on nutritional studies on the

cranberry. The first research attempted was a determination of the vita-

min C content of raw cranberries and fre.sh and canned cranberry sauce.

Preliminary results on 4-5 guinea pigs indicate that the raw cranberries

contain substantial amounts of vitamin C, but practically all is destroyed

by the manufacturing process. This work is being actively continueH in

order to evolve, if possible, a method of sauce manufacture which will

protect the vitamin C. Cranberry juice is also a rich source of vitamin C,

as little as 3 cc. per day protecting guinea pigs against scurvy for at

least 90 days. The use of cranberry juice as a beverage is also being in-

vestigated.

Utilization of Onions by Canning. (C. R. Fellers). The examination

of experimental packs of canned onions made in 1929 and 1930 fully bear

out earlier conclusions as to the feasibility of canning onions in tin

cans or glass jars. Chemical studies on canned onion discoloration are

being conducted by the Chemistry Department. Continued tests on

dehydrated cull onions and the ease of manufacture of onion powder or

"flavor" have renewed confidence in the feasibility of utilizing cull onions

in this way. Preliminary experiments on preserving small onions in brine

for pickling purposes indicate that a 60 degree salometer brine is prefer-

able to lighter brines.

Nitrogen Distribution of the Edible Portion of the Onion. (F. P. Grif-

fiths). This project was discontinued upon the resignation of Mr. Grif-

fiths on July 1, 1930. Nitrogen in the form of ammonia, nitrate, amino

acids and protein was determined in fresh and dried onions.
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Utilization of Frozen Fruits in Ice Cream. (C. R. Fellers and M. J.

Mack, Dairy Department). This cooperative project has been continued

for the third year, utilizing various varieties of strawberries, raspberries,

cherries and peaches. For the first time fruits were packed with different

syrup concentrations in place of solid sugar. Results to date indicate

marked superit)rity of the sugar syrup packs of fruit. Oxidation, discol-

oration and mushiness are largely obviated by the use of 40 to 60 per cent

sugar syrups. Invert syrup gave no better results than sucrose syrup.

Corn sugar was distinctly unsatisfactory. Berries and cherries were

frozen with solid sugar and with syrup in gallon cans under vacuum.

These packs, though more costly to put up, gave the best quality of fruit.

Hawaiian pineapples were superior to Porto Rican varieties for ice

cream making. Preliminary work was done during the summer on freez-

ing various vegetables.

Pasteurization of Dried Fruits. (C. R. Fellers and J. A. Clague). Fur-

ther results have definitely proved that such dried fruits as dates, figs,

and raisins may be effectively pasteurized and freed from insects and

pathogenic bacteria by a heat treatment under standardized time-tempera-

ture-humidity relationships. This work has now been discontinued, the

results being published in American Joairnal of Public Health Vol. 20, 175-

181 (Feb. 1930) and Jour7ial of Bacteriology Vol. 21, No. 1 (Jan. 1931).

Chemical Composition of Dates. (M. M. Cleveland). The Hills Bro-

thers Company Research Fellow for 1931-32 is making a study of the

organic and mineral constituents of dates, with special reference to nutri-

tive properties. Possible uses for cull dates and date syrup are also in-

cluded in this project.

Preservation of Rodent Bait. (In cooperation with U. S. Bureau of

Biological Survey). Experiments have been conducted on the feasibility

of preserving rodent baits containing red squill. If the canned product

proves satisfactory, the use of poisoned meat, fish and cereals by farmers

and others will be greatly facilitated.

DEPARTMENT OF HORTICULTURE

Frank A. Waugh in Charge

Turf Management. (L. S. Dickinson). The results of past studies of

the appearance and control of the large brown patch disease (Rhizoctonia

solani) were published in Phytopathology for August, 1930, under the title

"The effect of air temperature on the pathogenicity of Rhizoctonia solani

parasitizing grasses on putting green turf." Field observations again

verified the results obtained in previous years, and each attack of the

disease was accurately forecast during the 1930 season.

Further progress has been made in the use of fertilizers to maintain

healthy turf during periods of extreme drought, especially where artificial

watering is impractical. It appears that certain combinations of fertil-

izers can offset to a considerable degree the disadvantages of a dry season

and produce excellent turf.

Studies in the control of mouse-ear chickweed {Cerastium vulgafum) and
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pearlwort (Sa(]ina procumbens) liave been started and shoidd prove of value

to growers of fine turf.

The series of plots established in cooperation with tiic United States

Golf Association is furnishing data particularly valuable to golf-course

management and of equal use to cemetery and park superintendents. The
soil of the plots is of clay loam, thus furnishing unusual opportunities for

observations concerning earthworms and the growth of grass as affected

by the compactness of the soil. These plots are also giving information

regarding the effect of fertilizers on weed invasion.

Several additional species of grasses have been placed in the trial plots.

DEPARTMENT OF PLANT AND ANIMAL CHEMISTRY

J. B. Lindsey in Charge

The Effect of Fertilizer and Cultural Treatment on the Nitrogenous

Compounds of Havana Seed Leaf. (E. B. Holland and E. Bennett). An-

alytical work on the several grades of Havana tobacco grown on the ex-

periment station plots under different fertilization and cultural treatment

has been continued. The plants were harvested at different stages of

growth, cured on the stalk, stripped and sorted. After the midrib and

several coarse laterals had been removed, the residual web was ground

and analyzed, with attention directed largely to the nitrogenous com-

poimds. In many instances the number of replications was insufficient

to establish a positive trend. Furthermore, seasonal variations in growth

and curing and possible differences in drawing and sorting small samples

have to be considered. The following deductions seem warranted.

(1) The percentage of total, soluble, and amido nitrogen increased

in the several grades from the base of the plant upwards; the nicotine

increased from the base of the stalk to the light or medium wrappers, and

the acid soluble and insoluble ash decreased.

(2) Low topping increased the percentage of total nitrogen, soluble

nitrogen, nicotine and acidity in seconds and reduced the acid soluble and

insoluble ash.

(3) The percentage of total, soluble, and ammoniacal nitrogen, acid

soluble ash and acidity decreased with maturity in seconds and darks,

while nicotine and insoluble ash increased.

(4) An increase in applied nitrogen increased total nitrogen, soluble

nitrogen and acid soluble ash within narrow limits, but as a whole affected

the yield and size of leaf rather than composition.

(.5) Nitrate of soda and sulfate of ammonia increased the total nitro-

gen in seconds more than the regular tobacco fertilizer mixture or cotton-

seed meal. Nitrate nitrogen and nicotine were low on cottonseed meal.

Sidfate of ammonia increased acidity as would be expected, and nitrate of

soda gave the least acidity.

(6) Timothy in the rotation increased the percentage of soluble nitrogen,

ammoniacal nitrogen, nicotine and acidity and reduced the percentage of

acid soluble ash.
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(7) Continuous tobacco gave a slightly higher percentage of total,

soluble, and animoniacal nitrogen, acid soluble ash and higher pH than

tobacco following onions or potatoes.

In addition to the chemical studies here reported, the yield, grades, and

market value of Havana tobacco grown on the experiment station plots

under different fertilization and cultural conditions have been compiled.

Oil Sprays. (E. B. Holland). The preparation of numerous miscible

oils and stock emulsions with diamond paraffin oil (a light lubricating oil)

and different emulsifiers has been continued and the stability against

stratifying and breaking on test noted. The work is time consuming as

it is largely on a trial and error basis'. As a whole the miscible oils

prepared by spontaneous methods are the most promising, easy to make,

and relatively inexpensive. The laboratory samples applied last spring

gave satisfactory results in the field.

Tlie work should be continued witli a medium paraffin oil.

Nitrogen Fixation in the Presence of or as a Result of the Growth of

Legumes versus Non-Legumes under Certain Defined Agronomic Condi-

tions. (F. W. Morse). This year (1930) all the plots were seeded with

Japanese millet. Conditions were favorable for uniform growth until

July 22, when a short, severe thunderstorm beat down the millet on the

plots fertilized with nitrogen, wliich inhibited subsequent growth up to

the date of cutting (August 19) and also caused a heavier stubble to be

left on the field.

A comparison of the annual production with and without nitrogen for

both systems of cropping is presented for this and the preceding years.

The plots selected for comparison are adjacent to each other; Plot 9 which

has not received nitrogen since 1882 and Plot 10 which has received organic

nitrogen throughout the period. During this study the applications of

nitrogen liave been made in alternate years, 1921, 1926, 1928, and 1930.

Plot 10 received a total of 80.9 kilograms of nitrogen per acre in tiie form

of dry ground fish.

Scanning the results with leguminous crops used in rotation, it will be

noted that clover did not respond to the use of nitrogen in the fertilizer

whether applied directly as in 1924 or the previous year as in 1929. Soy
beans, however, did respond to the direct application of nitrogen in 192'6,

especially in the amount of nitrogen recovered in the crop. Corn was
grown in the years when nitrogen was withheld, but showed some gain

due to the jirevious season's application. Millet in 1930 received a direct

treatment with nitrogen and responded, esjiecially in the yield of nitrogen

in the crop.

The results with continuous non-leguminous crops show very plainly

their response to applications of nitrogen in the fertilizer.

The objective of the experiment, however, was to ascertain whether or

not there was fixation of nitrogen in the soil in the absence of leguminous
))lants. It will be noted that as the years have passed the three kinds

of crojis, grass, corn, and Japanese millet, without nitrogen, have gained
in production of dry matter and yield of nitrogen instead of decreasing as

one might expect if no nitrogen was being fixed.

Similar comparative results were obtained with adjoining plots. No. 7

1 Some ratios seem to indicate that there may be a fundamental reaction involved.
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without nitrogen and No. 8 which received 80.9 kilograms of nitrogen per

acre in sulfate of ammonia.

It is planned to continue the investigation.

LEGU3IIXOUS CROPS GROWN IN ROTATION

(Kilograms of Dry Matter and Nitrogen removed per Acre)

Without Nitrogen With Nitrogen

Year Crop

Dry Matter Nitrogen Dry Matter Nitrogen

1924 Clover 1866 49.8 1792 46.5

1925 Corn 1766 29.8 1816 31.3

1926 Soy Beans 1596 39.9 1860 50.0

1927 Corn 1164 18.5 1310 23.0

1928 Clover and Weeds 1334 18.9 1340 17.1

1929 Clover 1852 41.9 1714 37.9

1930 Millet 2575 32.7 3011 43.2

Total 12153 231.5 12843 249.0

NON-LEGUJriNOUS CROPS GROWN CONTlNfOUSLY

1924 Grasses 496 4.6 1393 10.1

1925 Corn 1010 13.1 1280 18.5

1926 Millet 2126 14.0 4286 36.5

1927 Corn 1294 21.5 1258 22.8

1928 Grasses and Weeds 1478 13.2 1846 17.9

1929 Grasses 617 6.0 1055 10.8

1930 Millet 3066 29.3 2984 40.6

Total 10087 101.7 14102 157.2

Chemical Study of Cranberries. (F. W. Morse). The work of the last

four years has been issued in Bulletin No. 26-5, "A Chemical Study of

Cranberries".

Milk Substitutes in the Growing of Young Calves. (J. B. Lindsey and

J. G. Archibald). For a part of the year 1929 and during 1930 studies

have been in progress of a system based largely upon dry feeding, no

liquid except water being fed after the first few weeks.

The first group of nine high-grade Holstein calves, five bulls and four

heifers, was fed on the so-called New Jersey ration consisting of whole

milk for three weeks, decreasing tlie same during the fourth week so that

at the beginning of the fifth week the calves were receiving only dry feed,

consisting of alfalfa for roughage and a grain mixture containing some
12% per cent of soluble blood flour. The calves did fairly well and aver-

aged 231 pounds (200-287) in weight at four months of age. making an

average daily gain of 1.15 pounds.

A second group of five calves, three bulls and two heifers, was fed in

the same way, except that rowen was fed in place of alfalfa. They
averaged 228 pounds (210-238) in weight at four months of age, with an
average daily gain of 1.12 pounds.

A third test is now in progress in which white fish meal was substituted

for the blood flour. The calves did not take to the grain ration as readily

because of the odor of the fish meal. Three records have been completed
and two others are in progress. The three completed records show an
average weight of 227 pounds at four months of age and an average daily
gain of 1.02 pounds.

While it is possible to grow Holstein calves by the dry method of feed-
ing, it is not to be commended. Most of the calves appeared thin, ""pot

bellied," and not in as satisfactory condition as those receiving a portion
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of natural skim milk or diluted skim milk powder until four months old.

It is believed that very young calves should be given a vigorous start by

feeding some form of milk as a part of the ration until they are at least

four months of age. (See Bulletin 253 of this Station). They should not

be converted into cud chewers too early.

Mineral Requirements for the Growth of Dairy Heifers. (J. B. Lindsey

and J. G. Archibald). A study of the calcium requirements has been

completed, using eight high-grade Holstein heifers. They were divided

into two groups; one was fed a ration high in calcium while the ration

for the other group was low in calcium. The average age of the heifers

was 140 days at the beginning and 858 days at the end of the experiment,

or time of calving. The ration for the high-calcium group consisted large-

ly of alfalfa hay, together with dried beet pulp and a grain ration made up

mostly of corn meal; for the low-calcium group hay of mixed grasses

(with 30 per cent alfalfa during the first period), dried apple pomace,

and corn and linseed meals. Seventy-six satisfactoi'y metabolism balance

trials were completed. The detailed data and discussion of results have

been prepared for publication and sent to the Journal of Agricultural Re-

search.

The results, as a whole, point to accumulation of a considerable reserve

of all elements by the high-calcium group during the first year and a

lowering of retention later on. The low-calcium group, on the other hand,

not having accumulated such a large reserve in the earlier stages, must

have felt the need of more calcium and made the effort to utilize it to a

greater degree in the third year.

BALAXCE RECORD OF RETENTION FOR EACH GROVP DURING THE ENTIRE EXPERIMENT

Daily retention per Retention percentage
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Two Systems of Dairy Cattle Feeding—High Roughage and Low Grain

versus Low Roughage and High Grain. (J. B. Lindsey and J. G. Archi-

bald). This project was organized and started in the autumn of 1928 and

is intended to continue for at least three years. The object has been to

make careful observations, under controlled conditions, of the effect of

maximum roughage and low grain (1 i)ound to 4V2 pounds milk) fed to

one group of cows, and minimum roughage and high grain 1 pound to

2% pounds milk) fed to another group, upon the economy of milk produc-

tion and the condition of the cows as regards appearance, live weight, and

breeding. The roughage has consisted of first cut hay, rowen, silage, and

green forage fed in different amounts; and the grain, of a mixture of

wheat bran, ground oats, corn meal, gluten feed, and cottonseed meal,

mixed in different proportions for the two groups.

The results for the first year ending in October, 1929, showed very little

difference between the two groups. At this writing, data for the year

ending October, 19.30, have not been completed.

The Chemical Composition of Grass from Plots Fertilized and Grazed

Intensively. (J. G. Archibald). Results for 1929 have been published in

the Journal of Agricultural Research, Vol. 41, No. 6, for Septemljer 15, 1930.

The fertilizer treatment decreased considerably the dry matter content

of the grass and the crude fiber content of the dry matter. All other con-

stituents of the dry matter that were determined were increased, the

nitrogen showing the most significant rise. Acre production or recovery

of all constituents was increased, nitrogen being nearly double that re-

covered on the check plot. The effect of withholding nitrogen from one

plot was very marked.

The conclusions reached in the earlier publication (see Annual Report

for 1929) regarding (1) increase in nutritive value due to fertilization,

(2) absence of any appreciable effect of the treatment in leveling seasonal

fluctuations, and (3) changes in chemical composition of the grass as the

season advanced are substantiated and strengthened by the results of 1929.

A careful study of all results for both seasons (1928 and 1929) and
correlation of these with the weather records leads to the further con-

clusion that of all the factors influencing the chemical composition of grass,

jiroducing as they do marked seasonal fluctuations, the amount of rainfall

is the most important.

The study has been continued during 1930, but results are not yet

available. It is planned to bring this phase of pasture grass studies to a

conclusion with the publication of the present season's results.

As an outgrowth of the above study and in response to a demand for

more fundamental information on pasture problems, a more complete pro-

ject entitled "Studies in the Chemistry of Pasture Grass" was organized

early in the year. The objective in this project is to ascertain the funda-

mental chemical facts which agronomists and animal husbandmen need
as a basis from which to start in their study of the agronomic and nutri-

tional phases of the problem, and vipon which to base recommendations
in practice.

In connection with this work 1.54 samples of pasture grass have been
collected during the past season, and analytical work at date of writing

(December 16, 1930) is about half completed.
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DEPARTMENT OF POMOLOGY

F. C. Sears in charge

The yield of apples and peaches from the station orchards in 1930 was

by far the largest in recent years. The quality was also good. Bloom was

heavier than iisnal, and the crop harvested was more than twice that of

last year.

The Interrelation of Stock and Scion in Apples. (J. K. Shaw and J. S.

Bailey). Tlie usual observations of growth, bloom and yield have been

continued. In some parts of the orchard the trees are crowding each

other, and a general thinning out of the orchard is necessary. The results

of this work suggest that root influence is more likely to dwarf a variety

than to invigorate it. The results from the main orchard have been sum-

marized and will soon be prepared for publication.

The young orchard of Mcintosh and "Wealthy set in 1928 has made a

good growth and shows that the East Mailing Stocks have a strong influ-

ence on growth. The trees are much dwarfed by stocks 8 and 9, while 12

and 16 have thus far developed trees equal in vigor to budded or own-

rooted trees. The two varieties are influenced about alike except that

there is a striking difference when propagated on stock No. 1, which

dwarfs the "Wealthy distinctly while Mcintosh makes a fairly vigorous tree.

Root cuttings from five-year-old Mailing Stocks gave poor results, while

scions grafted on nurse roots started well, as did rooted layers. An effort

is being made to increase the supply of these Mailing Stocks.

Tree Characters of Fruit Varieties. (J. K. Shaw and A. P French')

.

"Work on this project has continued both in Amherst and in various

nurseries. A nursery containing nearly 1-50 varieties of apples, including

all varieties commonly grown by nurserymen, has been established. De-

tailed observations and photographic records will be made. • The leaders

of this project have continued the work of certifying varieties in certain

nurseries for several years. Recently the practice of examining all trees

when one year old has become established. Thus the propagation of mix-

tures is avoided and the .stock in these nurseries is now almost free from

misnamed trees.

The Genetic Composition of Peaches. (J. S. Bailey). No additional

crossing work was done in 1930. Of the 1260 seedling trees from pre-

vious work in the orchard, 717 fruited for the first time. Of those fruit-

ing, 289 seedlings are crosses and 428 selfed. The fruits of 27.5 seedlings

are white fleshed and of 442 yellow fleshed; 119 are clingstones, 22 semi-

cling, and .576 freestones. Fifty-three seedlings are considered worthy of

further observation. Yield was better in the higher parts of the orchard

where more fruit buds survived the winter. Hence yield was more de-

pendent on hardiness and location in the orchard tlian on inlierited ability

to form fruit buds.

Although one year's results are not enough to draw conclusions from,

yet certain statements can be made when the results check with the work

of other investigators. The reniform type of foliar glands is dominant,

glandular is recessive, and globose is intermediate. White flesh color is

dominant, and yellow recessive. Belle is a heterozygous white. Hale,
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Chile, Gold Drop, Crosby, Fitzgerald, and Elberta seem to be fairly

homozygous for ripening date, while Belle and Champion are heterozygous.

Vainqueur, Greensboro, and Carmen seem to transmit earliness in crosses.

A character for very tough flesh appeared in the selfed progeny of Cham-

pion and Belle. It appears to be recessive.

The work with the freezing apparatus was continued. Not enough data

have been obtained to draw conclusions, but length of exposure to cold

and previous exposure to high or low temperatures seem to be important

factors in influencing the killing temperature, as well as rate of tempera-

ture fall. Lowering the temperature to near the killing temperature and

then holding it there for twenty-four hours ofifers some promise as a

method for determining the relative hardiness of varieties and seedlings.

Testing Methods of Pruning. (J. K. Shaw). The project with young

bearing trees has been carried on as before. The weights of prunings

and growth, bloom and yield were recorded. No new or striking results

have appeared, and at present it seems that this experiment suggests less-

ened rather than increased importance of pruning. While the pruning of

bearing apple trees will doubtless be continued, its effect on the crop is

probably far less than that of soil management or spraying.

Effect of Pruning on Bearing Apple Trees. (W. L. Cutler). This

experiment on trees now forty years old is in its fourth year. No striking

differences in size, color, or quality of the fruit have yet appeared. The
evidence now available indicates that heavy pruning has, on the whole, de-

creased yields; and that light pruning may have given somewhat greater

yields than no pruning.

Comparison of Cultivation and Sod in a Bearing Orchard. (J. K. Shaw).

This experiment has continued as in the past four years. The cultivated

plots without fertilizer gave a fair crop of high color this year, yet much
less than fertilized plots. The highest yield for the four-year period

has been from the cultivated plot receiving nitrogen, but the color is not

quite as high as that from the sod-nitrogen plot. There seems to be a

benefit from the addition of potash to nitrogen on sod plots, but as this

potash plot has always yielded more than the one without nitrogen a care-

ful analysis of more data is needed before final conclusions may be drawn.
Comparison of Clover Sod and Grass in Sod Mulch Orchard. (J. K.

Shaw). The white clover on the potash-phosphorus-lime plots continues

to increase, but the yields of apples are still better on the nitrogen-phos-

phorus-potash plots. Determination of nitrates in soil from clover patches

and from adjoining grass areas gave at no time higher nitrates in the

clover. Growth and yield have been better on the clover plots than they
were on nearby unfertilized sod plots.

Tests of Different Amounts of Nitrate of Soda. (J. K. Shaw)-. The
Baldwin trees in sod receiving 10, llVz or 2-5 pounds of nitrate of soda
gave a heavy crop this year. The color was inferior, but there was
no difference between lots that had received different amounts. It

is now planned to apply nitrogen in the non-bearing year only for a

period of years to see whether color is improved and yields maintained.
Comparison of Cultivation and Heavy Mulching for Apples and Pears.

(J. K. Shaw). The mulched plots continued to yield heavily, the Mcln-
to.sh trees averaging nearly 30 bushels per tree while one tree yielded a
total of 48 bushels. This comparison has continued for eight years and
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.seems to liave dcnion.strated the .superiority of iieavy iniiich over cultivation,

botli being without added fertilizer. It is planned to make some change in

the test as it has been proved that a program of cultivation without fer-

tilizer will not maintain jiroduction on this soil.

The Effects of Fertilizer Limitation on Fruit Plants. (J. K. Shaw).

The fruit i)lants (apple, peach, grape, raspberry) that have been on this

experimental field were removed in the spring of 1930. The fertilizer

treatment was continued, and a crop of buckwheat grown and not re-

moved. It is planned to reset the field in the spring of 1931 to own-

rooted trees. These field plots with their long-continued fertilizer treat-

ments serve as a source of soil for certain pot experiments.

Role of Potash and Lime in Fruit Tree Nutrition. (J. K. Shaw). A set

of pot cultures similar to those of last year but with different fertilizer

treatments were grown. Applied nitrates increased growth only to a small

degree. Magnesium-free calcium carbonate was as effective without as

with added magnesium sulfate. It seems clear that this soil having a pll

value of about 4.75 is too acid for the best growth of fruit plants.

Effect of Potash and Lime on Apple Trees. (J. K. Shaw). This pro-

ject has been carried on without change. Determinations made at several

times during the summer showed that soil nitrates were present on plots

receiving no nitrogen-carrying fertilizer and also on some of the plots

receiving nitrogen, though most such plots showed rather small concen-

trations at times. No nitrates were present on white clover areas on the

phosphorus-potash-lime plot.

Study of Varieties of Tree Fruits. (J. K. Sliaw and O. C. Roberts).

The station continues to add new and promising varieties of fruits to its

test orchards. All the more prominent "bud sports" of apples are under

observation. There was an excellent crop on the new peach varieties

received from the New Jersey Experiment Station. Most of these are

promising and merit a trial b,v Massachusetts growers. There seem to

be among them varieties that are worthy to replace most of the varieties

now commonly grown with the exception of Elberta. The Ideal peach

of New Zealand, received from the United States Department of Agri-

culture, gave a heavy crop of attractive peaches that seemed promising

for home canning. The Newburgh raspberry, originated at the New York
Experiment Station, gives promise of being a desirable mosaic-resistant

variety. The Macoun apple seems to be a variety that shoidd be tested

generally in Massachusetts orchards.

Fruit Bud Formation in the Strawberry. (K. .\. Van Meter). This pro-

ject was carried out as outlined in the last reixirt and a new bed, with

some modifications of treatment, set for fruiting in 1931. This bed in-

cludes, fertilizer treatments as follows:

1. No nitrogen

2. August 15, nitrate of soda

3. August 15, sulfate of amnu)nia

1. August 15, urea

5. September 15, nitrate of soda

6. September 15, sulfate of ammonia
7. September 15, calurea

8. October 1, sulfate of ammonia
9. October 15, sulfate of ammonia



ANNUAL REPORT, 1930 277

All plots are in quadruplicate and received applications of phosphorus

and potash.

Three series have been added with treatments of phospliorus, phosphorus-

potash and no fertilizer.

Bud Mutations Among Apples and Other Fruits. (B. D. Drain and

W. H. Thies). A considerable nund)er of selections from bud sport limbs

and prospective mutation strains were made during tiie past year, and top

grafted into trees of bearing age. These grafts grew nicely during the

past season.

Light Pruning of Young Grape Vines. (B. D. Drain). The work of

this project has been carried on for tliree years, with results similar to

those reported in 1928. Leaf area measurements sliow a much larger

leaf area on the light pruned vines.

Work not on a Project Basis. As in previous years considerable work,

not formally organized on a project basis, has been carried on. This is

either of a temporary nature or is preliminary to project organization.

Some of it is carried on by mendiers of the department not officially mem-
bers of the Station Staff.

The "Set" of Mcintosh Apples in Middlesex and Worcester Counties.

This problem largely disappeared in tlie season of 19;i(i when most orcliards

set and matured good crops. It will doubtless return in later years, for

the peculiarity of the variety will not change. Cooperative tests* were

carried out by some fourteen growers to learn something of the response

of their orchards to certain treatments, mostly varying fertilizer and cul-

tural treatments.

Blueberry Culture. (J. S. Bailey). For several years some work has

been carried on with blueberries. Tiiis has been largely on propagation.

One of the greatest difficulties in developing blueberry culture is the High

cost of plants due to a lack of general knowledge of successful methods

of propagation. Cuttings have been grown in ordinary cold frames and

in a solar frame. Some progress has been made, and it is hoped that in

the near future it will be possible to grow plants from cuttings with good
success.

A Study of the Storage of Mcintosh Under Various Conditions. (O. C.

Roberts in cooperation with the Agricultural Engineering Department).

This is the second year of this cooperative investigation of the most de-

sirable storage conditions for Mcintosh apples. Similar lots of Mcintosh
apples were stored at temperatures ranging from 45° F. to 32° F. After

approximately two months, samples of each lot w'ere transferred to 32° V.

Periodical observations and tests were made to determine the condition

of each lot.

The project has been extended to include a comparison of the blower
type of refrigeration with the common direct expansion system with pipes

extending along the walls. Samples of Mcintosh apples were stored in

various farm storages equipped with blowers, and dujilicate lots were
stored in the Nashoba cold storage at Ayer. Periodical observations were
made and changes noted. Accurate data relative to the conditions in the

various storage houses were also collected at frequent intervals.

Test of Spray Materials. (O. C. Roberts). Constant effort is being
made by manufacturers and experimerkt stations to discover new materials

and combinations which will enable tiie fruit arower to control the numer-
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ous pests in his orchard witiiout causing injury to the trees or fruit. In

order that the effect of these materials may be determined for Mass-

achusetts conditions, the Departments of Pomology and Entomology co-

operating have made field tests of a few of those materials which have

appeared to be of particular interest to Massachusetts fruit growers.

Details of these tests are given in the report of the Department of En-

tomology.

Studies of Arsenical Residue on Apples. (O. C. Roberts). For the past

four years a study of the amount of arsenical residue on apples as related

to different spray schedules has been conducted by the Departments of

Pomology and Entomology and the U. S. Food, Drug, and InsecticFde

Administration at Boston. This experiment is discussed in the report from

the Entomology Department.

Cross-Pollination and Sterility Studies with Certain Apple Varieties.

(F. C. Sears and O. C. Roberts). For the past six years the Pomology

Department has been making a study of the effects of pollination on the

set of fruit. Particular attention has been given to the Mcintosh, the most

important variety in Massachusetts. Mcintosh is practically self-sterile,

but appears to be a good pollenizer for other varieties. A few of the

most reliable pollenizers for Mcintosh are "Wealthy, Delicious, Oldenburg,

Ben Davis, and Cortland.

Pruning of Northern Spy Trees. (O. C. Roberts). In 1927 the trees

in a small block of young Spy trees were divided into three groups. Each

group has since been given different pruning treatments as follows: (1)

Unpruned, (2) Heavy pruned, (3) Branches spread and lightly pruned.

These trees have just begun to bear, so data on the effect of the various

treatments on quantity and quality of fruit are as yet very limited. How-
ever, there seems to be an indication that the trees with branches spread

and lightly pruned are more desirable than the others.

DEPARTMENT OF POULTRY HUSBANDRY

J. C. Graham in charge

Broodiness in Poultry. ( F. A. Hays). Progress is being made in estab-

lishing a non-hroody and an intense broody line of Rhode Island Reds.

A pen of 13 hens in the non-broody line ranging in age from two to five

years was given access to open nests from April 20 to August 1, 1930, in

studies on the effect of management upon broody behavior. Non-broody
birds are being tested genetically for the coin])lementary genes respon-

sible for broodiness.

The intense broody line is l)cing studied, with special reference to the

inheritance of degrees of broodiness measured by number of broody
periods. The non-broody and the intense broody lines are being developed

with special reference to uniformity in other inherited characteristics, in

order that the effects of broodiness may be accurately determined.

Breeding Poultry for Egg Production. (F. A. Hays and Ruby Sanborn).

The mean annual production of tl»e 352 birds hatched in 1928 was 221.4
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eggs, an increase of about 16 eggs over any previous flock. Tliis increase

was brought about by superior intensity and greater persistency in the

flock as a whole. Special attention is being given to improving egg size,

reducing mortality rate, and eliminating winter pause. Mean egg size is

improved, and the mortality rate for the 1928 flock for the full laying year

was 14.85 per cent. Hatching records for the entire flock for the spring

of 1929 show 77.7 per cent of fertile eggs hatched; for the spring of 1930

the figure was 74.5 per cent. These hatching records show progress, and

include only eggs hatched under conditions used in pedigreeing.

Statistical Study of Heredity in Rhode Island Reds. (F. A. Hays and

Ruby Sanborn). Annual molt records from 1917 to 1928 were studied

statistically and published in Bulletin 264. A paper on linkage relation

for genes concerned in fecundity and genes concerned in egg size was

prepared for the 4th World's Poultry Congress in London, July, 1930.

Studies on time required for pullets to attain standard egg weight were

reported at the 1930 Poultry Science meeting at Macdonald College.

A Genetic Study of Rhode Island Red Color. (F. A. Hays). In this

experiment three strains are being developed: One is made up of pure

Station stock selected for good color, a second consists of birds true to

Standard from an outside source, and the third is made up of hybrids

of the other two strains.

Determination of Genetic Laws Governing Results in Inbreeding Poultry.

(F. A. Hays). Results of this project up to 1929 were reported in

Bulletin 2.'58. In the spring of 1929 the method of experimentation was

changed somewhat in that the more rigid standards for selecting founda-

tion breeding stock for high fecundity were employed. A new generation

was established in 1929 in a special effort to avoid any inherited character-

istics inimical to high fecundity. The second generation was produced in

the spring of 1930 from half-brother and sister matings.

Heredity and Environmental Characteristics Affecting Variability in

Egg Production. (F. A. Hays). The third generation of pullets in this

experiment is now being tested for egg production. There are three

rather distinct lines represented with respect to characteristics affecting

fecundity. Data should be adequate for publication at the close of the

laying year in 1931.

Factors Affecting Egg Weight and Shell Character in Domestic Fowl.

(F. A. Hays). Complete egg weight records from first pullet egg to

January 1 are available on 2100 birds hatched in 1927, 1928, and 19"2f).

Records on the weight of every egg laid by 500 females during their first

laying year are also available. The third generation of birds in the small,

medium and large egg groups was hatched in 1930. Sufficient data should

be available for publication at the close of 1931. The application of

methods already reported has produced improvement in egg size for the

flock as a whole.

Relation of Intensity or Rate of Laying to Feather Pigmentation. (F
A. Hays). Results of this project are being prepared for publication.
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DEPARTMENT OF VETERINARY SCIENCE

J. B. Lentz in Charge

Poultry Disease Elimination Law. (H. \nn Roekel, K. L. Bulli.s, G. L.

Dunlap, and O. S. Flint). The progre.ss made in puUorum disease eradica-

tion during the 1929-1930 season is reported in Control Series Bulletin

No. 53. Approximately one-seventh of the poultry population of Mass-

achusetts was tested and the volume of work is steadily increasing. Com-

pared with the previous season the following increases are noted:—48

tested flocks, 76,802 tested birds, 82,590 tests, 81 negative flocks, and 53

non-reacting 100 per cent tested flocks. Further comparison shows that

tho average percentage of infection was reduced from 4.25 to 2.35 per

cent.

A study of 60 flocks tested for two consecutive years showed that in-

tensive retesting or short-interval testing was more effective in eradicating

the disease than annual testing. Similar results were obtained in 30 fTocks

tested for three consecutive years.

The relation of sexual maturity to pulloruni disease eradication was

studied in ten flocks which were subjected to the intensive testing plan.

The results show tliat sexual maturity of i)ullets does not appear to play

a role in eradicating the disease. From an eradication point of view,

early pullet testing in infected flocks is more desirable tlian testing more

mature birds.

Failure in eradicating the disease or in maintaining a pullorum disease

free flock was in most instances due to a lack of observing sound eradica-

tion measures. More eifective results would be obtained if all poultrymen

would follow the laboratory suggestions more closely.

Two liundred and twenty-eight reacting birds were sul)mitted to the

laboratory for necropsy. The necropsy findings often aided in estab-

lishing the true status of a flock. No reactors were detected among the

584 tested fowl other than chickens.

This laboratory again participated in the annual pullorum conference

of the Eastern States' laboratory workers. The ])urpose of this con-

ference is to standardize and adopt uniform, sound methods which will

prove practical and effective in pulloruni disease eradication.

Among the blood samples submitted since August 1, 21.123 samples,

representing 37 flocks, were tested with Brucella ahurfus antigen in 1-25

and 1-50 dilutions. All samples were considered negative.

An effort was made to determine the length of time >'. pullorum will

remain viable under various conditions. It was observed that the organism

can remain viable on a dry piece of cloth in a Kolle flask for fourteen

weeks and possibly longer.

The problem of "jelled serum" samples is being investigated. Results

thus far show that the number of jelled samples may be greatly reduced

if the freshly drawn blood is not subjected to low temperatures.

Laboratory Service—Pathology. (G. L. Dunlap). This service was

used by 352 people, 71 making personal calls to deliver specimens or

discuss poultry diseases. Ten hundred and seventy-nine specimens were

examined, of which 1016 were poultr\', the remainder consisting of other
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domestic and senii-doniestic animals. Approximately 15 per cent of al!

poultry examined were infested with jiarasites, led by coccidiosis, witli

tapeworm infestation second. Avian tuberculosis was diagnosed on two

farms. Fowl cholera and fowl typhoid were not encountered.

An especially virulent strain of S. puUorum was isolated from mature

stock and studied. This cidture was i)hysiologically and serologically iden-

tical to stock strains of S'. palluriim. It ])roduced death in two birds in-

jected intravenously with 0.2 cc. of broth culture in 17 and 18 days,

respectively, and the organism was again recovered. Two birds inoculated

intratracheally with 0.5 cc. of broth culture were made visibly sick for a

period of a week, but recovered. The primary lesion produced in these

cases was a pericarditis.

A group of 25 day-old chicks were fed mash, which was contained in

a bag contaminated with S. pullorum, for a period of three weeks. No
mortality occurred from pullorum disease. At six weeks of age the

agglutination test revealed two reactors. No more reactors were detected

by the agglutination test applied at one and two weeks intervals over .a

period of se^en months. S. pullorum was isolated from one of the two

original reactors wjiich were detected at the age of six weeks.

Farm and Station Bang's Disease. The laborator}', in assisting this

project, has recorded 1330 agglutination tests.

Infectious Trachitis in Poultry. (C. S. Gibbs). Progress has been made

in the study of infectious trncliitis. The disease has been found to be

caused by a filtrable virus. The virus has been demonstrated in tITe

tracheal exudate and in the secretions from the kidneys of diseased birds.

Some of the birds recovering from infectious trachitis have been found

to persist as apparently healthy immune carriers. The viability of the

virus is prolonged by freezing and drying.

Studies on secondary invaders in infectious trachitis have been made,

and a laryngo-tracheal spirochete has been discovered. As far as is

known at this station, this microorganism has not been observed before

in poultry in the United States.

Details of these investigations are being prepared for publication.

THE WALTHAM FIELD STATION

(Waltham, Massachusetts)

Ray M. Koon in Charge

For reports on experiments conducted at this substation in addition to

these listed under the Waltham Field Station, see reports of the Depart-

ments of Botany, Entomology and Floriculture.

The Plant House. (P. W. Dempsey). Experiments have been continued in

the construction, heating and operation of a sash-covered plant house. A
twelve-sash hotbed was added to the plant-house model and one hot-water

heater was used as a source of heat for both. This arrangement proved

more satisfactory than using horse manure for hotbed heat. The interest

in the plant house is indicated by the fact that 500 copies of plans and

specifications have been sent out in response to requests for information.
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Electric Hotbed. (P. W. Dempsey). After investigating the practical

application of electricity for heating hotbeds in 1928, it was decided that

the expense was too great, both for installation and upkeep. During the

past year, however, the General Electric Company has introduced a

new type of heater and thermostat, economical both in operation and

cost. Plans are in the making for operating three hotbeds of four sash

each with manure, hot water and electricity as sources of heat, in co-

operation with the Edison Electric Illuminating Company of Boston. Notes

on the comparative cost, temperature and other details will be kept.

Vegetable Variety trials. (P. W. Dempsey). Twelve varieties and

strains of pole beans were tested. Kentucky Wonder proved to be the

best both for the market and for home growing. The new variety of

Italian Pole may replace the Kentucky Wonder because of its superior

quality.

Seed of twelve strains of Calabrese broccoli were secured from as many
different seedsmen. A decided uniformity was noted in all samples.

Thirty-seven strains and varieties of sweet corn were tested. Golden

Sunshine was the outstanding early yellow variety and shows promise of

replacing the once popular Golden Bantam. Golden Gem, a production of

the North Dakota Experiment Station, is a very early yellow sort but too

small to justify its extensive use for home or market planting.

Twelve varieties of peppers were compared. California Wonder, a new
introduction, shows up well and is becoming popular with the growers.

Red Sport of Oshkosh (seeds sent to Dr. Guba of this Station in r929

by a private grower) shows great promise, and a separate plot will be de-

voted to this variety in 1931 for the purpose of further selection if the

variety seems worthy.

Twenty varieties and strains of staked tomatoes, and fifty-four varieties

and strains grown flat culture, were studied. There was no outstanding

.strain or variety.

Six strains of the popular Straightneck variety of summer squash were

planted. No strain yet tried runs more than 50 per cent true to type.

Twenty strains and varieties of beets were seeded in two plantings. A
great improvement has been noted in the strains of Detroit Dark Red
offered by seedsmen the past three years. Crosby's Egyptian, however,

remains the most popular and undoubtedly the best variety for Massachu-

setts growers.

Forty-nine strains and varieties of lettuce, of two plantings each, were

made. The best lettuce ever produced at the Field Station was at just

the right stage of maturity for Field Day. Many growers were impressed

with the new strains of the so-called "White Big Boston" now sold by

seedsmen under several names. It appears to be worthy of trial by any

grower for sowing at any time during the season.

Conditions Affecting the Production and Vegetative Propagation of

Washington Asparagus. Depth of Planting. (P. W. Dempsey). In 1928

two hundred selected one-year roots were planted two, four, six and eigiit

inches deep. Next spring the beds will be cut for the first time.
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COOPERATIVE TOBACCO INVESTIGATIONS

Conducted by the Bureau of Plant Industry, United States Department of

Agriculture, in cooperation with the Massachusetts Agricultural Experi-

ment Station. C. V. Kightlinger, U. S. D. A., in Charge

Brown Root-Rot. (C. V. Kijilitlinger). Experimental work on brown

root-rot of tobacco, conducted for the last several years at Whately, was

terminated with the procuring of data on the 1929 crop. The results of

these experiments will be combined with data from similar experiments

conducted in Connecticut, Wisconsin, and elsewhere, for publication as a

U. S. n. A. bulletin.

Black Root-Rot. (C. V. Kightlinaer). Field experiments were begun

this year (1930) at Amherst and at "Windsor, Connecticut, to test certain

strains of Havana seed tobacco produced liy and obtained .from Dr. James
Johnson of Madison, Wisconsin, to determine their relative type, quality,

resistance to black root-rot, and producing capacity under Connecticut

Valley conditions. Although not all the data have been obtained yet,

some of the strains seem promising. The experiments will be continued

until definite information on the matter has been obtained.

Mosaic. (C. V. Kightlinger). Experiments have been carried on for

niore than a year to determine the extent of overwintering of tobacco

mosaic viruses in different kinds of soils, under different conditions of

temperature and moisture. All that can be said about results is that a higli

percentage of infection of mosaic is still being obtained from the materiai.s

treated as above described. Another set of similar experiments, begun a

year later, is also being carried on for the purpose of verification of results

alreadv obtained.

PUBLICATION

Bulletins

260 Annual Report for the Fiscal Year Ending November 30, 1929. 60 pp.

March, 1930.

The main purpose of this report is to provide an opportunity for presenting in

published form, recent results from experimentation in fields or on projects where
progress has been such as to justify the general and definite conclusions necessary

to meet the requirements of bulletin or journal.

261 Ecological Studies of the Mexican Bean Beetle. Harvey L. Sweetman and

H. T. Fernald. 32 pp. February, 1930.

The Mexican bean beetle was found in Massachusetts and Connecticut for the first

time in 1929. A laboratory study of temperature and moisture conditions necessary

for the development of the insect is here reported, and the results studied in rela-

tion to climatological data for New England. The following conclusions are drawn:
Climatic conditions in the Upper Austral Zone of Massachusetts, Connecticut and

Rhode Island are favorable for the development of the Mexican bean beetle, and the

insect may therefore be expected to become a serious pest. Conditions in the Transi-

tion Zone are less favorable, but the insect will probably become a pest in the lower

portion of the Zone, with the injury becoming greatly reduced as the upper limits

are approached. The Canadian Zone of New England does not have a physical en-

vironment suitable for the development of the beetle. A map of New England show-

ing the three zones is included in the bulletin.
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262 Intensive Grassland Management. R. C. Foley, E. J. Montague and C.

H. Parsons. 17 pj). February, 1930.

The system of grassland management here reported is based on four distinct prin-

ciples: (1) Division of area into plots; (2) use of concentrated fertilizers; (3)

rotational grazing; and (4) combination of grazing and hay land. The system has

been in operation here for two years and in spite of two extreme seasons, the first

wet, the second dry, has given excellent results. The second year, in the face of a
serious drought, it showed greater returns than the first year, and marked improve-

ment in every respect. This two-year trial has proved that the grazing season may
be lengthened and the carrying capacity of a pasture increased by the application

of the four principles enumerated above, thus lessening the amount of barn feeding

necessary.

263 Food Service in Massachusetts Rural Elementary Schools. Esther Davies.

19 pp. April, 1930.

This survey covered 222 of the 236 towns of less than .5000 population and in-

cluded 57.600 pupils housed in 800 buildings. Of these, 567 had no food service what-

ever ; 185 had hot drink or soup during the winter only ; in 23 a meal was Served

during the entire school year ; and in 23, milk was available for the children during

the entire school year. There were 16,000 pupils who must always remain at school

over the noon hour, and of these 6000 attended buildings where there was no food

service. An examination of 1560 box lunches showed that 93 per cent of the children

cari-ying them had no hot food at noon, and only 15 per cent brought milk. A de-

scription is given of eight different types of food service in use in buildings varying

from the one-room schoolhouse with practically no facilities to buildings with full

meal service. While the type of service which can be offered is limited by the phys-

ical equipment of the building, the examples show that no building is too poorly

equipped to make some sort of hot food possible, at least during the winter months.

iVIuch remains to be done in establishing and improving school lunches ; and with

the growing tendency toward consolidation of rural schools, the question is becoming
of greater importance each year.

264 Duration of Annual Molt in Relation to Egg Production. F. A. Hays and

Ruby Sanborn. 14 pp. June, 1930.

A number of factors which may influence duration of molt are considered, as fol-

lows: environmental factors, such as hatching date; hereditary characteristics, such

as age at first egg, intensity, winter pause, broodiness, and persistency ; and physi-

ological activities, such as previous egg production, 365-day production, and gain in

body weight during the laying year. Relation of duration of molt to vigor and to

second-year production is determined. The study was made with Rhode Island Red
birds, and includes all females hatched from 1917 to 1928 and kept for two full

laying years. In general, but little correlation was found between duration of molt

and the factors studied. Highly intense layers and persistent layers, however, had
the shortest molt period, indicating that the physiological process of molting and
feather gi-owth took place at a more rapid rate in heavy layers.

265 A Chemical Study of Cranberries. F. W. Morse. 16 pp. October, 1930.

A study of the chemical changes occurring in cranberries while ripening on the

vines was made during two seasons. Total sugar was found to increase rapidly as

the berries ripen, while total acid remained nearly unchanged. Cranberries do not

acquire their maximum proportion of sugar until fully ripe on the vines.

Studies of cranberries in cold storage covered two seasons and showed that they

steadily lose sugar by respiration. Total acid decreases also, but at a smaller rate.

While cranberries remain sound they contain enough acid to maintain their tart

flavor.

In the fall of 1929 there were received from growers in Massachusetts, New Jer-

sey and Wisconsin 116 different lots of cranberries representing 61 distinct varieties.

These were analyzed for total acid, total sugar and dry matter. The range in per-

centages of total acid was from 1.87 to 2.71 and in percentages of total sugar from
2.45 to 5.66. Thirty-five samples contained more than 4.5 per cent of sugar ; 49,

between 3.5 and 4.5 per cent ; while 32 contained less than 3.5 per cent of sugar.

The samples lowest in sugar were, as a rule, only partly ripe when harvested.

Ten varieties resisted decay in cold storage to the extent of 60 per cent of sound
berries on April 1, 1930 ; four varieties had all their samples fully half rotted by
January 15 ; and the remaining varieties were in that condition by the end of Feb-
ruary.
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266 Part-Time Farming in Massachusetts. David Rozman. 44 pp. October,

1930.

A study was made of three representative areas in Massachusetts, and with two
main objectives. In Holden, in the central part of the State, the object was to de-

termine the extent of part-time farming in the community as compared with regu-

lar agriculture. Of the 585 families engaged in some kind of farming, only 66

were full-time farmers. Land in crops and total value of products were almost even-

ly divided between regular and part-time farming. Although the production in most
part-time farming enterprises is intended primarily for family consumption, the

surplus sold amounted to over one-third of the total value of produce offered for sale

by local producers. Part-time farming, therefore, exercised a considerable influence

on local prices and marketing conditions of agricultural products.

In the other two areas, four towns adjacent to Lowell and four towns between
Taunton and Fall River, the aim was to get a picture of the social and economic

status of industrial and other laborers who are engaged in part-time farming. This

mode of living was adopted for the most part as a means of increasing earnings and
living more cheaply, or in the hope of improved health and better housing for their

families. Two main types of part-time farming were found. The greater number
had a regular job at which they worked, and did what farming they could in their

spare time, with the help of their families. As a rule they raised vegetables or kept

chickens or both, and the amount of work required was fairly regular throughout

the year. A considerable number, however, engaged in truck farming or small fruit

growing, devoting their entire time to it during the season and working at outside

jobs only during the months when this type of farming does not require attention.

The development of part-time farming depends upon improvement in transporta-

tion facilities, shorter working hours in industry, and the location of industrial

plants in small towns and rural communities. Indications are that part-time farm-

ing has been increasing in the State during the last decade and that the next ten or

twenty years will show a further increase.

267 Hardy Woody Plants. Frank A. Waugh and Charles H. Thompson. 36

pp. October, 1930.

Hardy trees, shrubs, and vines are a very important feature of our civilization.

Country roadsides and village streets are planted with trees ; parks and playgrounds

must have their trees and shrubs ; but, most of all, the home grounds are not con-

sidered quite respectable unless trees, shrubs and vines are used to soften and civilize

the architecture and the topography. Hai'dy woody plants have been under study

for sixty-five years on the grounds of the Massachusetts Agricultural College, and
this bulletin is intended to make some of the results of these studies available. A list

of over three hundred plants is given, with a brief description of the chief charact-

eristics of each and its performance under conditions found on this campus.

268 Frozen Sweet Cream as an Ingredient of Ice Cream. M. J. Mack. 11 pp.

December, 1930.

The storage of cream in a frozen state is a satisfactory way of handling surplus

cream for later use in ice cream, the quality of the frozen cream depending upon
its initial quality, the length of time held in storage, and the storage temperature.

Holding periods of less than six months and storage temperatures below 0° F. are

recommended. Frozen cream mixes required a longer time in the freezer to reach a

definite percentage of overrun than sweet cream mixes and showed a lower max-
imum overrun. P'rozen cream mixes were higher in viscosity and contained slightly

larger and more irregular-sized fat globules and clumps.

Ice cream mixes containing cream frozen with 0.5 per cent gelatin whipped but

little bettor than plain frozen cream mixes. Homegenizing the cream before freez-

ing did not improve its properties for ice cream making. Freezing cream with 10

per cent sugar was the most satisfactory method studied for storing frozen cream

for later use in ice cream. The frozen sweetened cream melted more rapidly than

plain frozen cream, was lower in viscosity and much more uniform in body. Ice

cream mixes made from frozen sweetened cream were superior in flavor to plain

frozen cream mixes, whipped considerably faster in the freezer, were lower in vis-

cosity, and contained smaller fat globules and clumps.
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269 Packaged Ice Cream. K. E. Wright. 12 pp. December, 1930.

The public has been slow to accept factory-packaged ice cream on account of its

lighter weight and poorer texture.

The problem of weight can be most logically solved by drawing the mix at an over-

run of about 50 per cent, although the light weight can be partially compensated by

increasing the percentage of butterfat or by reducing the price to a weight basis or

by a combination of these. Because of the low overrun required in packaged goods,

it was found necessary to retard the overrun of easily whipped mixes in order to

enable the drawing of the mix at the proper consistency. The substitution of butter

for a part of the cream was found to be the most effective practical means of ef-

fecting a low constant overrun.

The texture of the ice cream as influenced by freezing was largely determined by

the temperature of the semi-frozen product at the beginning of the hardening pi-o-

cess. The rate of freezing in the ordinary freezer and in the hardening room was
found to be a minor factor in influencing the texture in comparison to the initial

hardening temperature. The size of the crystals determining the texture seems to

be influenced by a specific range of temperature depending on the mix rather than

by a progressive lowering of the drawing temperature of the mix. The results

showed that the texture improvement due to gelatin and aging was caused by aging
the gelatin, and that the effect on texture was more noticeable when a warm initial

aging temperature was employed.

Control Bulletins

53 Tenth Annual Report on Eradication of Pullorum Disease in Massachu-

setts, 1929-1930. H. Van Roekel, K. L. Bullis and G. L. Dunlap. 23 pp.

May, 1930.

54 Inspection of Commercial Fertilizers. H. D. Haskins. 64 pp. December
1930.

55 Inspection of Commercial Feedstuffs. Philip H. Smith. 44 pp. December,

1930.

56 Seed Insjiection. F. A. McLaughlin. 42 pp. December, 1930.

57 Inspection of Agricultural Lime Products. H. D. Haskins and H. R.

DeRose. 6 pp. December, 1930.

Meteorological Reports

493-504, inclusive. Monthly reports giving daily weather records, together with

monthly and annual summaries.

Reports of Investigation in Journals

(Numbered Contributions^)

101 Mineral Supplements for Dairy Cows. J. B. Lindsey and J. G. Archibald.

Jour. Dairy Sci. 13:102-116. March, 1930.

102 Nitrogen Fixation in Field Soil under Different Conditions of Cropping

and Soil Treatment. Leon A. Bradley and James E. Fuller. Soil Sci.

30:49-57. July, 1930.

104 The Effect of Initial Cooling Temperature on Gelatin in the Aging of

the Ice Cream Mix. K. E. Wright. Jour. Dairy Sci. 13:406-415. Septem-
ber, 1930.

1 Nos. 103 and 108 were cancelled. Nos. 109 and 110 have not yet been printed.
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105 The Effect of Air Temperature on the Pathogenicity of Rhizoctonia

Solaiii Parasitizing Grasses on Putting-Green Turf. Lawrence S. Dick-

inson. Pliytopath. 20:597-608. August, 1930.

106 Pasteurized Dried Fruits. C. R. Fellers. Anier. Jour. Pub. Health and

Nation's Health 20:175-181. February, 1930.

107 Nitrogen Availability in "Based" and Unbased Aninioniuni Sulfate and

Aininoniinn Phosphate. A. B. Beaumont and T. R. Swanback. Jour.

Amer. Soc. Agron. 22:811-819. September, 1930.

Ill The Chemical Composition of Grass from Plots Fertilized and Grazed

Intensively in 1929. J. G. Arciiibald. Jour. Agr. Research 41:491-501.

September 15, 1930.

Other Contributions to Journals

(LTnnumbered)

The Relation of Weather to the Quality and Price of Massachusetts Onions.

R. L. Mighell and H. B. Rowe. Jour. Agr. Econ. April, 1930.

lA Study of the Causes of Cull Apples in 1929. AV. L. Doran and A. I. Bourne.

Mass. Fruit Growers' Assoc. Rpt. 1930.

Effective Control Measures—Oil Sprays: Nicotine Activators. A. I. Borune.

Mass. Fruit Growers' Assoc. Rpt. 1930.

Fruit Insect Pests of 1929. A. I. Bourne. Mass. Fruit Growers' Assoc. Rpt.

1930.

European Red Mite in New England Orchards. A. I. Bourne. Fruits and

Gardens. March, 1930.

Spraying Recommendations in Relation to Bees. A. I. Bourne. Mass. Dept.

Agr. Spec. Cir.

The Plum Curculio as an Apple Pest. W. D. Whitcomb. N. H. Hort. Soc. Ann.

Rpt. 30. 1930.

Poisoning Plum Curculio Beetles—Mechanical Barriers of Dust and Spray

Residue—Reducing the Cost of Nicotine Sulfate Sprays. A^'. D. Whit-

comb. Mass. Fruit Growers' Assoc. Rpt. 1930.

The Grapefruit and its Juice. C. R. Fellers. The Glass Packer 2:509-510.

December, 1929.

Roadside Farm Factories as New Factors in Food Preservation. F. P. Grif-

fiths. The Glass Packer 2:493-519. December, 1929.

Canned Foods Are the Freshest Foods. C. R. Fellers. The Canner 70:17-18.

June, 1930.

Utilization of Cold Packed Fruits in Frozen Dairy Products. C. R. Fellers

and M. J. Mack. Fruit Products Jour. 9:106-109. December, 1929.

Sodium Benzoate and Benzoic Acid as Preservatives for Cider and Other

Fruit Juices. C. R. Fellers. Fruit Products Jour. 9:113-115. December,

1929.

Some Newer Developments in the Control of Apple Diseases. E. F. Guba.

Mass. Fruit Growers' Assoc. Rpt. 1930.

Automatic Control of Relative Humidity and Temperature Sui)i)lementary

to Sash Ventilation in Greenhouses. E. F. Guba. Market Growers Jour.

June 1, 1930,

Fundamental Principles in Forcing Gladiolus. L. H. Jones. New England

Gladiolus Soc. Yearbook, 1930.
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CHANGES IN STAFF, DECEMBER 1, 1929, TO NOVEMBER 30, 1930

Appointments

Bennett, Einniett, B.Ed., Research Assistant in Chemistry, January 1, 1!)30.

Clague, John A., B.S., Re.search Assistant in Horticultural Manufactures,

September 1, 1930.

Cleveland, Maurice M., B.S., Fellow in Horticultural Manufactures, September

20, 1930.

Donley, J. Elizabeth, B. A., Laboratory Assistant in Agricultural Economics,

September 22, 1930.

Donnelly, Edward B., Technical Assistant in Floriculture, February 1, 1930.

Flint, Oliver S., B.S., Assistant Research Professor, Poultry Disease Elimina-

tion Law.

Jones, William L., B.S., Fellow in Agronomy, October 1, 1930.

Koon, Ray M., M.S., Research Professor in Vegetable Gardening, in cliarge

of Waltham Field Station.

Foley, Richard C, B.S., Research Assistant in Aninuil Husbandry, April 1,

1930.

Larsinos, George J., M.S., Junior Chemist, Fertilizer Law, October 1, 1930.

McLaughlin, F. A., B.S., Assistant Research Professor, Seed Law, September

1, 1930.

Merriam, Oreana A., B.S., Laboratory Assistant in Home Economics Re-

search, July 1, 1930.

Parkinson, Leonard R., Technical Assistant in Animal Nutrition, December

21, 1930.

Spelnian, Albert F., B.S., Junior Chemist, Feed Law, January 13, 1930.

Stuart, William M., Jr., B.S., Research Assistant in Agronomy, October 1,

1930.

Voorneveld, Madaline, B.S., Laboratory Assistant in Home Economics Re-

search, September 8, 1930.

Washburn, Doris E., B.A., Research Assistant in Farm Management, Septem-

ber 1, 1930.

White, Harold E., M.S., Assistant Research Professor in Floriculture, Janu-

ary 1, 1930.

Resignations

Alcock, James R., Technical Assistant in Animal Nutrition, December 21, 1929.

Church, Cornelia B., B.S., Laboratory Assistant in Home Economics Re-

search, July 7, 1930.

Fernald, Henry T., Ph.D., Professor of Entomology and Head of Department,

June 30, 1930.

Jones, John P., Ph.D., Research Professor in Agronomy, June 30, 1930.

Kelley, Joseph L., Technical Assistant in Cranberries, November 1, 1930.

Kelly, Oliver W., M.S., Seed Analyst, June 30, 1930.

Kuzmeski, John W., B.S., Junior Chemist, Feed Law, December 81, 1929.

Rice, Cecil C, B.S., Research Assistant in Horticultural Manufactures, Sep-

tember 1, 1930.

Shilling, Katherine E., A.B., Laboratory Assistant in Agricultural Economics,

September 15, 1930.

Tiedjens, Victor A., M. S., Assistant Research Professor in Vegetable Gar-

dening, June 30, 1930.

Zielinski, John B., Jr., B.S., Junior Chemist, Fertilizer Law, September 30,

1930.
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Experiments With Hedges

By Frank A. Waugh

Hedges are coming back into fashion. They always were both useful

and beautiful when properly placed and well kept. They serve as bound-

aries on property lines, as enclosures to gardens, as windbreaks, and for

privacy in the home grounds. Many species of trees and shrubs will make

good hedges under suitable management. This fact gives range for critical

choice of materials. The Department of Landscape Architecture, Mass-

achusetts State College, has maintained a demonstration and experimental

garden for testing hedges for ten years, and the results of this work are

herein reported. -^

MAssAciiisi'/irs sr.\ri', coi.i.kge

AMHERST, MASH.



EXPERIMENTS WITH HEDGES

By Frank A. Waugh, Professor of Landscape Architecture

In tlie spring of 1921 a garden of sample iicdges was planted on the col-

lege grounds. These hedges were intended originally merely for demonstration

purposes, to give the students in landscaj)e architecture and in horticulture an

ojiportunity to ol)scr\c the adaptability of different sjiccies to hedge culture,

and to get a more objective idea of methods of management. The demonstra-

tion proved so interesting, however, that it was extended by nuiking another

plantation in the spring of 1926.

As time went on these jilantations came to take on more and more of an

experimental character. So much interesting information has been collected

that it seems proper now to make a report upon tliem.

As a matter of fact hedges are a \cry importani ]iart of the home

grounds, or small village home lot. The modern tendency towards smaller

and smaller grounds has required more fonnality of treatment and a greater

effort to secure the necessary privacy for the family. In pursuit of either

object a good hedge is a valuable asset.

These hedges were planted in sample rows, each 50 feet long with the

rows 10 feet apart. In all cases the rows were placed in an east-west direc-

tion, thus having the sun on one side. The soil was dry, well drained (rather

too well drained), and gravelly. The ground has been lightly cultivated to

keep down weeds, but no other special attention has been given. No fertilizers

have been applied nor any irrigation given. Almost any home lot anywhere

in New England would have conditions at least as favorable as those imder

which these hedges have been grown and maintained.

The original plantation included 21 species and varieties. A few of these

failed or were discarded for sundry reasons, their room lieing taken by other

subjects.

The second general experiment Mas begiui in the early spring of li)2(). .\t

this time 15 hedges were set in soil similar to tli.it wlierc the first plantings

were made: that is, dry, gravelly, warm .iiul well drained. Rows were set

east and west, but plants were ])laced more closely than in the first ])lanting,

from 12 to 21- inches ajiart, depending on their habit of growth. A few of

these si)ecies and varieties \\crc duplicates of tliose in the first jilanting, but

mainly they re])resented new types.

'l"he two lots are reported together in I he rollowiiig )>.igi's, along with a

few other species tried out separately on other ji.irts of the college grounds.

It must be observed that the notes here recorded r("fcr only tn s|i('cies and

varieties actually tested here. It is clearly iiiHlcrstood tli.it in;iny other hardy

trees and shrulis are well a(l.i|)ted to the siime imrposc.

Planting

In the original jilanliiigs in our exiieriiiient.il garden afl hedges were

spaced with plants three feet ajiart in the row. 'I'iiis figure \\,is chosen ;is a

comi)romise and with the intent of treating all species alike, it soon a|)peared,

however, that for best results different .species .should not all be spaced alike;
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also that tliree feet is too wide excejit for species of strong growth and for

large hedges.

From our siil)se(|uent experience it would seem that the three-foot spacing

is satisfactory for hemlock, white pine, arhorvitae and evergreens generally;

also for willows, hydrangeas, sjjireas, etc., when grown in heavy unsheared

h(n-ders. A spacing of 18 inches to 2 feet will he satisfactory for hemlock or

arhorvitae in a small, closely-pruned hedge; also for large, sheared hedges of

])ri\et, winged euonymus, Jai)anese ([uince and sunilar species. Average gar-

den hedges of privet, acanthoi)anax, buckthorn, barberry, snowberry, etc.,

should be spaced 11. to 18 inclies. Small hedges or borders of dwarf arhorvitae,

wintercreejjer, box barberry, dwarf box and similar slow -growing sorts may

be s])aced at 8 to 12 inches.

l^nless room is at a special j)remium it is good practice to plant a hedge

in a double row, "staggering" the plants, as shown in the accompanying dia-

gram. 'Hie si)acings there suggested, viz., two feet in the row with rows two

feet apart, may of course be increased or decreased at need, though the

figures given are (piite favorable for average conditions.

o-

2!

O

-o- -o o

o o o
staggered Planting of Double Hedge Row

Aside from conscientious pruning a hedge demands \'ery little care. It

must be supposed, of course, tiial it is originally planted in reasonably good

soil—a sujiposition not always satislied in ex]ierience. Also attention must be

given to tlie matter of shade. Xo liedgc will thrive under trees, though this,

too, is sometimes asked of them. IJarbcrry and privet will tolerate ct)nsider-

able shade, esi)ecially the shade of l)uihiiiigs, since a Iniilding does not rob

the soil of water and ])lant food.

Water is always in demand by growing ])iants, and on dry soils hedges

suffer and sometimes die outrigjit from drought. It may lie feasible to water

a newly planted hedge tiirough its first year or two; l)ut, outside of i)laces

w iiere irrigation is the established ]>ractice, e\ery hedge will lie ol)liged final-

ly to subsist on its own water supjjly.

Heavy a])plications of fertilizer will seldom be justified. Nevertheless,

some feeding from year to year may be (piite desirable, since a prime jjoint

in hedge m.inagcment lies in keeping the plants always in a state of healthy

growth. I^'iir this purjxisc nitrogen is re(|uired abo\e all other elements. Barn-

yard numure is es])ecially useful an.l espetaally hard to come by. Of chemical

fertilizers those carrying ai)un(lant nitrogen are to lie preferred. A]i])lications

should be made in early s|)ring. Just as growth is starting (April) and

should be withheld after .lune 1.

Finally it nnist be remembered, as elsewhere suggested, that no hedge is
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iininortal. Tlie best |)lants uiulcr tlu- innst favorable eircimistaiu'es will some-

tiiiie grow (lecrejiit, and the hedge will begin to look ragged and frayed.

After one or two rejuvenotion.s, perluips before, it will beeonie neeessar}' to

abandon the hedge, root it out, and make a new start. Such drastic i)ro-

cedure is troublesome and expensi\e, it leaves the garden most unhappily

ex])osed for a ])eriod of Iwo or three years, ami it brings sentimental strains

whicii are sometimes far from negligible. Nevertheless the gjirden owner may

as well harden his heart, fortify his pocketbook, and withstand tiie counsel

of delay. This is the way of all hedges.

Forms of Hedges

It will helj) to uiulerstarul the following notes, and it may be of jiractioal

value in using this information, to understand that hedges may be grown in

se\eral ditferent forms. 'I'he most conunon are as follows:

1. .Shearetl hedges, usually from ."J to 10 feet high. This is what is com-

monly understot)d by a hedge.

2. L'nsheared hedges, in which the plants are set in rows as for No. 1

but are allowed to grow freely, following substantially their natural habits.

.Such a hedge is less formal but often efficient and adequate, separating two

))ro|)erties or two parts of one garden or park. The plants usually need an

aiuiual pruning, preferably in January or February. At this time the j)ro})er

technic is to cut out old wood from the bottom of the plants, leaving the fresh

one-year-old canes.

'.i. Edgings. These will usually be formally sheared as in No. 1 but will

be much smaller in their dimensions, usually a foot high or less. Obviously

the treatment must be more drastic than in the management of either of the

other forms.

Pruning

While no set cxpei-iments in hedge i)riuiing have been carried through

ii|)on these plantations, there has necessarily l)een considerable experience ac-

cumulated. I'.ach of these hedges has been i)runed annually; certain hedges

in certain years have been pruned twice; and in a. few instances several

)irunings lia\e been practiced upon some jiarticidar hedge in a given year to

ser\e some s]>ecial object. The results of all these experiences may fairly l)e

suuHuari/.ed for the practical benelit of those who are planting hedges or who

ha\(' old hedges under managenH-nt.

1. It is essential to begin early, (a) The hedge i)lants should be rather

closelv cut bai k at iilanling time, (b) If they grow rampantly the new shoots

should be headed back late in .May or early in ,Iune of the lirst year. C"er-

tainlv the plants should all he cut back again in early spring (February pre-

ferably) of the second year. The purpose of this e.irly pruning is to force

a thick growth at the base of the jilants.

_'. During all the formati\c yeai-s this se\ere pruning should be followed.

In Februarx the shoots of the pn\ious year's growth should be shorten«'d

one inch to one fool, (usually about \\\r inches) of one-\car old wood; though

obviously much will (lc|ien(l on the s|iicics being pruned and on the amount n\'

annual growth.

a. .\nnual summer pruning is often desirable, in addition to spring
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(dormant) pruning, especially with ra])i(l-gro\\ ing deciduous species, such as

privet, acanthopanax, etc. This suninier shearing should he given immediately

after the plants have made their first strong growth. The time will usually

fall in late May and seldom later tJian the lirst week in Jime.

k After a hedge has reached tiie stature prescrihed for it, pruning aims

to keep it within its limits and also to maintain the plants in a healthy grow-

ing condition. To accomplish these purposes it will be necessary to watch

carefully the behavior of the plants and to remember that summer shea ring-

tends to check growth and weaken the plants, whereas dormant pruning is

more inclined to favor wood production. Summer pruning can thus be prac-

ticed on a hedge which is thrifty, but one w Inch shows signs of debility should

be cut l)ack in winter and left to grow freely in siuumer.

5. Signs of decrepitude, decay, disease or achancing age are apt to ap-

pear in any old hedge. These may be due to drought, lack of fertilizers or

attacks of insects; and all such cases will presumably receive appropriate

remedy. From the standj^oint of pruning, however, the practice should be to

cut back rather heavily in ?>bruary, ]>erhaj)s cutting back into wood three or

four years old, thus possibly marring the outline of the hedge for the time,

the object being to stinudate a new growth in the old plants.

6. In extreme cases it will be good practice to renew the hedge com-

pletely by cutting back to the ground or near it, thus making an entirely new

beginning with the old plants. This plan has been carried out successfully

with several species, including privets, Tlnmberg spirea, buckthorn, willow,

Tatarian honeysuckle and some others.

Renewals

It may be well to remark further that no hedge should be regarded as

quite immortal. The treatment which it receives is highly artificial and some-

what drastic, so that there need be no wonder if after 10 or 20 or 40 years

the hedge becomes so ragged that it may better be abandoned. There are

times when good sense would advise digging out an old hedge, root and stem,

cleaning the ground, fallowing for a year or more, and making a new start

with fresh yoimg plants, perhaps of some other species.

Even more frequently the emergency arises in which a section of a hedge

requires replanting. A few plants are destroyed by insects or by a rimaway

automobile, or by fire or by winterkilling. These dead plants may be removed,

the ground redug and freshened as much as possible, perhaps the old exhaust-

ed soil removed and replaced with fresh loam, new ^ilants set in and forced

to their best growth by special care. Under favorable conditions such rej^airs

may achieve quite satisfactory results without more than t\\o or three years'

waiting.

Shaping the Hedge

Along with jinuiing comes the ])rol)lem of ,slia])ing the hedge. This is

particularly imjiortant during the early years, but never ceases to ha\e a

considerable influence on residts.

In general it may he pointed out that the amateur is a})t to make his

hedges too thin and narrow. He thinks of the hedge as a wall between him

and the outside world and, drawing his analogy from the house in which he
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lives, he tliiiiks tliat a wall a foot thick imist be rather heavy. It is not at

all uiicoimnon lo liml hedges pruned to a width of 18 inches or 2 feet. It is

much better to j)rune them to a width of 3 or 4 feet, even 6, 8, or 10 feet for

large hedges. The side growth supplies branches to carry foliage and keep

the hedge j)lants ali\e and healthy.

As everyone must have oliserved, the great defect of hedges is to thin out

at Ihc bottom, lose their lower branches, and eventually be entirely open for

some space above the ground. A large share of this trouble is due to the

neglect of early pruning, that is, of careful work done during the first years

while the hedge is being formed. Much of it is due also to pruning the side

branches too close. Some of it is caused by improper shaping of the hedge.

Cross-section of Hedges

Good section. b. Too narrow

d. Degenerate impnuied hedge

c. Best section

The accomiianying sketches will indicate more clearly what the desirable

procedure is. The wide hedge has more leafage and will remain longer in

good health; at tiie same time it will be nuich more efficient in shutting off

observation from the outside or in protecting the garden from wind and

storms. Furthermore, if the hedge is pruned so that it has a cross section

like a letter A instead of a letter V, the lower branches can receive much

more sunshine .uui will therefore make more grovvth and live longer.

After a wrong start has been made ^\ itli a hedge it is difficult to change

its cross section. In cases wliere the trouble is serious, for example, where

the lower branches Jiave entirely died away, it may be feasible to cut the

hedge back to the ground and begin again as mentioned above. In milder

cases severe heading in at the top of the hedge may force the side branches

into growth, thus enabling one to broaden the cross section and imjjrove the

general surface of the garden hedge.

Notes on Species and Varieties'

Abies halsamea, Balsahi ¥m. A well-known timber tree of the north

woods, found native in cold swam})y lands and at higher altitudes. This species

is extremely ill adapted to the dry soil and sunny exposure where it is planted

in this exjieriment. The purpose of using it here has been to observe what

might be accom])]ished under the most adverse conditions. The plants have

lived for 10 years without losing any, but the growth has been poor and the

hedge is obviously not a success. The hedge has been sheared to a height of

3 feet f) inches, .\pparently the balsam fir will stand shearing as well as

' Tlio nomenclature in this tmlletin follows Stanilardizi'd Plant Karnes, Salem, 1923.
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Acaiitliopanax, as thorny as its nrme. fresh and green, makes a good liedge

spruce, ;in<l en ciikl nortlu-rn sl(i]U's ;in(l liea\y soil it iniglit jKi.s.silily l)e a

satisfactory choice for liedue plantiiii;-.

.Ic<(i/ll/(i/iiiii(i.i: [n i/fiijihiilliini (no \crnacular name). A stroni:', very hard}-

shriih, stitf and iipriiiiit, inoderatel\ thorny; foliage S-pahnate, glossy and

healthy. This makes an excellent hedge if kept con.scientiously primed. The

exam})le in this experiment stands 3y-,-i feet high and is 3 feet wide. Unless

well caretl for it thins out at the base.

Japanese Barberry is a favorite hedge plant, ratlier dwarf and thorny.
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Japanese Barberry in its winter aspect—always beautiful

Artemesla jionlicn. Aio^\.\s \\'()H^\^\^Hn^. Plant lierhaceous or only half-

shrubby, grows 6-8 feet with attractive silvery-gray foliage. It has jiroved

necessary to cut the ])lants bacii to the ground annually. For a (|uick, teiu-

jjorary hedge this species is worthy of consideration; hut after a few years

the plants deteriorate and nuist ])e re])laced. On the whole it is not recom-

mended.

Berherls IhuiiJieriji Jai-anksk Barhkkky. A \ery hardy, strong shrub,

very easily grown, adapted to a wide \ariet\' of soils and ex})osures, includ-

Eox Barberry

Suitable for a small low hedge or border one or two feet high
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iiiii' [Kirtial sliade. Is distinctly tlmrny—so iiiufli so as to he disairreeahle in

the intiiiiai'v of a small home garden. Stands shearinu' well. Several plant-

ings on the college gronnds are usually ]>i'uned to a height of ahout 3 feet

with e(|ual hreadth. Making- due reser\ations for the thorny character al-

ready mentioned, this nnist he regarded as one of the hest hedge plants in

the catalog.

Box I5akhkui!V (.Sometimes cataloged as IUrli<r}s tli aiilu riji Diiuar). A
\ery dwarf form of the .Japanese harherry snitahle for lo\\ horders and small

hedges generally. M'ill suhmit to j)artial shade, though exi)erience indicates

that it is less pliahle in its adaptations than the conunon .Japanese species.

Two hedges in different locations ha\e hoth required replantings. The ex-

j)erin!encal hedge ])lanted 192() is now 11 inches high and 10 inches broad.

Except for its somewhat ca])ricious hahits this \ariet}' may he recommended.

When it does well it n.akes a \ei-y good sn:all hedge, and it can he kept to

smaller diir.ensions than most hardy jilants.

Dwarf Box
The plants are fragrant, evergreen and old fashioned

—

all strong qualifications

lUt.rus f<f'iii/it-n'ir('iis suff' ruficomi. I'jxiixc; Box.- This dwarf box is some-

what hardier than the species. In edgings jilanted in the college gardens in

192.5 not a single plant has been lost out of several hun(b-ed. It has had some
protection each w inter, how ever, i. e., a few ))ine branches have been thrown
over it to hold the stiow . Api)arently this variety is dependable for this lo-

cality, and it is indeed a very attractive plant for low garden edgings.

The type Bu.rus nempcrvireiis, has been grown on the college grounds, but

is not reli.iblv hardv.

- The nomenclature here follnw.s Rehder, Manual of Cultivated Trees and Shrubs,
>32. New York, 1927.
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<'nra(jana arborescent), Siberian Pea-tree. A stiff ui)ritilit lar.iic slinih or

small tree, somewhat thorny and very liardy against (oUi; t'oHaiie line and

pinnate, Init in present siirroiindinas yeHowing and falling away soon after

midsummer.

Tiiis is a favorite liedge jilant in parts of Canada and tiie Nortlnvest, and

is worthy of further trial in Massachusetts, especially for higher altitudes and

cold exposures; but in this experiment it lias proved a highly qualified suc-

cess—more straightly speaking, a moderate failure.

f'i^^^^'/l

Japanese Quince

Has beautiful flowers and makes a good low hedge

Ciidduia japonica. Flomeuixg QrixcE. This s]iecies is a ]irime favorite

for lawn j)lanting, its j)ink. red or orange flowers, Ixirne in abundance in

May, being its chief attraction. The fruits, wliicli usually liold on (|uite into

the winter, are fragrant and ])leasing also. 'J'iie flo\\(*ring (juince has l)een

somewhat frequently used as a hedge plant, but the first planting here, now
10 years old, has never made sufficient gro\\th to fill out its allotted s])ace. A
second planting, 1926, is doing better under somewhat better c()nditi(>ns. I^x-

perience liere would indicate that this s]>ecies may be used for garden hedges

where a division of land sjiaces chiefly decorative is desired; but that for a

solid sheared hedge some other sj>ecies would better be chosen.

Elaeaj/iius hnnitpes. C'hehhv Kiakaoxi^s. .\ good clean shrul), \ery hardy,

with attractive gray-green foliage. This ought to make a good hedge. It has

been highly recommended, j)resumably on the basis of successful ex])erience.

However, in the jiresent experiment it lias c-onsistently lefused to make good.

Several j)lants have died atul have been rejilaced. Growth is irregular and

the row has never at any time assuincd the aspect of a garden hedge. It is

certainly worthy of further trial under otiur conditions, but in this case it

mu.st be reported as a failure.
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Winged Euonjmius

A very attractive shrub for hedges (Acanthopanax shown at right)

Euoni/mus alatus. Winged Eroxvsirs. A fine hardy shrub from the

Orient which is especially adapted to New England conditions. Growth up-

right, branching, twigs with interesting corky ridges, foliage bright green,

always clean and healthy, flowers and fruits inconsjticuous. Hedge set in 1924,

now 6 years old, has been closely sheared to height of 2 feet I inches and

spread of 2 feet 6 inches and has tlirived under this drastic pruning. It is

plainly one of the best deciduous hedges in the experiment. The winged

enonyiiius may be cordially recommended for hedge planting.

Presiuiiably other sj)ecies of the same genus would be wortliy (»f trial,

e. g., E. (uiierlrauus. E. europaeufi. and E. nanus.

Winged Buonymus in snow, showing that many deciduous plants have pleasing

character in winter
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Wiutercreeper

Low evergreen hedge or border only a foot or two tall

Ewni i/iuus radiraiis-. WiNTKut iskki-kh. A dwarf e\erareen slinil), not fully

erect but surticientl}' so to form a low garden iiorder. It prunes well and may
be freely cliosen for tlie ii>e bere indieated. Tbe e\})eruiiental bediie planted

in I!>"2(i is now about K' incbes liiiib and 14 inclies wide.

Wintercreeper iu winter, its evergreen foliage contrasting delightfully with the snow
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(r'h'ilil.tid tri(i<-<i)ith(is. Co-M3i()N IIoxEYi.ocrST. A liardy tree n.iti\e to the

Middle States. Too larae and strona- for a small liedue, hut adaj)ted to Iiea\y

duty. Foliage fine, pinnate; shoots stiff and strong, set with long and ex-

tremely efficient thorns. For a "l)ull-tight" iiedge, designed to turn back all

intruders, this would lie (|uite the tiling. However, it is altogetiier too harsh

for any domestic use. Moren\er it camiot he }n-uned to make a slia];eiy iiedge

of moderate size.

Hjldriiiiiji <i. (I rl}<)r(si-( lis. S.mootu I IvnuANiaoA. \'igorous hardy shrub

making an annual growth of 4-6 feet; stems straight and rather coarse, foli-

age larae, coarse, clean, and free from disease; flowers white, abundant, in

large showy trusses, lasting ihroughout the late summer. This shrub does not

make a hedge, strictly speaking, but can he used f(n- an informal liorder

marking. The j)ractice here is :o cut it down to the gr(uin(l early each spring,

a treatment i;nder which it tliri\es and yields its best blossoms. These bios-

sonis are its principal merit.

It should he noted that this is not the Pef.o?;e Hydu.axuka {H. jxaiiculiifii

(iraixllffiira), the variety most commonly grown. The Peegee hydrangea may

also be used in the same manner, tliouuh the Sn th hydrantrea is better.

Smooth Hytlr-i'igea bears ciuantities ol flowers Init cannot be sliearecl into Iiedge form.

Lhiustruni <iniurfiisi-. .V.Airu I'kivet. ,\ strong hard}' shrui) admirably

ada])ted for hedges. Plants make an amuial growth of L'O-.'JO inches, the hedge

is I feet high and 4- feet broad, in good condition excejit that it is thinniii!™

out somewhat at the iiottom.

The in-i\ets are nearly all good hedge materials. They stand shearing

well, are perfectly clean and hardy (with rare exceptions), and have the ad-

vantage that they will grow re,ison;;bly well in shade. The Amur privet is

the best for general hedge use in this vicinity where the California privet is
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not hardy and the European privet {L. vuhjare) is subject to disease. For

best results a privet hedge siiould l)e sheared twice or three times each year

and every year from its first planting.

LUiUittrum lodeiise. Dwarf Privet. A very dwarf form with thickly grow-

ing top and small foliage. The plants appear to be lacking in vigor and it

has proved unpossible thus far to keep vacancies filled and so impossible to

make a shapely hedge. Those plants which do live and thrive, however, pre-

sent a most attractive apjiearance, shearing well and making an admirable

small dense hedge. This is probably worthy of further cautious trial.

Amur Privet

The best privet for hedge use, and the privets are all good

Lilac. Leon Si:\iox. This hedge, set in 1926, was intended to show what

might be expected of modern hybrid lilacs when used as hedges. The common
lilac has long been used as a garden border plant, i. e. in unpruned hedges-

Six years' experience with this hybrid variety, however, shows that the growth

is slower, more irregular and more imeertain than tlie common lilac and sug-

gests tliat the hybrid lilacs will liardly meet the recpiirements for hedge use.

Lonicern Uitar'uui. Tatauian I loNEvsrcici.E. A strong coarse shrub, with

stiff upright stems, very hardy against winter cold: the foliage has a tend-

ency to grow rusty and thin out early in the fall. As a hedge it is inclined

to overgrow and to become stiff and stubby under the necessary pruning

This hedge had a height of 6 feet and a width of 4 feet (i inches. Not recom-

mended for jreneral use.

Marlura poiiiifera, Osage-()r.\N(;e. A hardy tree, natve to the Middle

States, and nuich used for farm hedges because of its sturdy growth and

repellent thorns. Stands shearing well. The plants in this garden, however,

were set as late as the spring of 1930, and though the first year's growth was

promising, no practical observations can be reported.
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Malus ioeii^'is, var., Beciitel Crab. A .showy and popular ornaniental

apple; growth coarse and open, foliage coarse and badly attacked by yellow

rust (aecidiuin). Planted 1924. Has been a total failui-e as a hedge plant.

As this failure seems to follow from the habit of the plant rather than from

lack of adaptation to local conditions, it would appear that the Bechtel crab

may be definitely written off the list of hedge plants. Growth is too coarse

and the plant does not thicken up under the pruning sheai-s.

Mlirlca cerifera. Bayberry. A clean and desirable native shrub especial'

ly well-known in tlie region along the seacoast where its waxy berries are

eagerly sought for decorations and for candle-making. It grows slowly with

a twiggy, bristly head bearing shiny very attractive foliage. The soil where

this lot is planted is probably too warm and dry, but the plants have lived

and thrived, except for their very slow growth. Shearing has not been tried,

and seems unpromising; but for a dwarf, unsheared hedge, in regions wliere

the species is hardy, particularly in coastal regions, it could be cordially

recommended. Its appearance is notably pleasing to the discriminating eye.

The habit of slow growth is less marked as the plants get older and become

established. Records taken in this experiment show an annual growth of 18

to 30 inches in recent years, indicating that some shearing might be given.

The hedge after 10 years' growth and without pruning is now 3 feet 6 inches

hiiih and looks better with each succeeding vear.

veimiss:^

Mountain-Holly

A novelty in the line of hedges, but promising

?> enxtiKiiitlius iiiui-rdiKitus. Mointaix-jiclly. A hardy naii\e slirub,

somewhat rare in nature and rarer still in horticultural use, but excellent for

planting nevertheless. Growth moderate, u])right, good foliage, interesting

red berries in autunui. Planted 192(), it now gives promise of making a good

hedge. It seems to siihmit graciously to the pruning shears. Attractive as a

noveltv and thoudit worthv of further trial.
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Piceii e.vccLid. No.iWA^- Si-urti:. A l*'ur(i])(;m .s]>('ci('s \t'ry u cll-kiiow ii ;iiui

widely grown in America. It niaUes an admirable liedge, preferably in fairly

larue dimensions, (i feet tali or o\er. It stands shearinjz- well and makes a

iirm thick surface. It piH'fci-s fairly strong-, cool soil. It will grow almost

anywhere, but on dr\, warm soil it soon becon;es ragged. This '"UKith-eaten"

efFe<-t is increased if the plants are attacked by the spruce gall louse, as in

this \ iciiiitv the\' often are.'

Norway Spruce

A tall sturdy hedge of rapid growth

' Spruce (Jail Louse. This insect C!lu^es small, m'peu, rone-shaped, multiiile-celled

galls to ai)i)ear at the base of young shoots in early summer. The t\\\z Ijeyond these

galls i.s often killed and almost invariably deformed. In case of heavy infestation the

vitality of the tree is lowered and its appearance marred.

During the wintei- the youns; lice are located in folds of the bark or clustered

around the base of Ijuds. cliietly on the terminal growth. Light yellow eggs are de-

Ijosited in early spring, soon after new growth starts. They are usually enveloped in

a w'.iite woolly mass of waxy filaments wliich makes them cpiite conspicuous. The
young lice usually crawl to the l)ase of tender, growing shoots and are soon enclosed

in cells (ir chambers of tlie youns forminir galls, (falls are at first green in color Ijut

later become darker, and in late .luly or early August tlie cells oiien and the mature,

winged lice esca])e. Tliese produce tlie young lice whicli winter over on the twigs.

In the case of a few small trees, it is i)ossilile to conti'ol tliis jiest by removing the

youii;;'. newly-formed yalls. Tliis sliould be done in .lune or early July. Thorough
spraying of infested ti'ees in Aiiril. witli a contact insecticide, lias proved successful.

This is aimed to destroy tlie younu' li<-e wintering over on tlie twins. Kspecial care

should be taken to t liorou;;lily cover the trees, particularly the terminal tuiis.

Exi)eriments with various oil s]irays liave given excellent control. Oil sjirays may
be used at weaker strengths tlian is necessary for ireneral orcliard practice. They
should Ije applied on warm, sunny days with temjieratures of 40"^ F. or above, and

preferably during the middle of tlie day. Oil sjnay should always be applied while

the trees are in dormant condition tiefore new i;rowth starts in tlie spring: otherwise

more or less injury may result.

Tliis account of the spruce gall louse

Kntoiiiologist of the Kxi)eriment Station.

is contributed by Professor A. I. Bourne,
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White Pine

Surprisingly adaptable to hedge use; shears well

P'mus strobut!. White Pixe. "\^'ell-kno^^n evergreen tree native to New
Engiftnd forests and higiily prized as a timber tree; also for ornamental

planting. The fact tiiat tliis tree can l)e sheared into a \ery satisfactory' liedge

conies as a great surprise to most ])ersons. Two dift'crent lots ha\e been used

White Pine hedge in winter when it reveals extraordinary heauties
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in tliis c'xi)criiiiciit. The older ])lantiiiii- after ](> years is a tliiek, siiiooili, liand-

soiiie liedfic ! feet liigli and i feet itroacl. In snniniers of drought tlie foliage

has yellowed somewhat and thinned out peree])til)ly, yet at all times this hedge

has been the admiration of visitors. Uegidar and earefid ])rnning is required,

jireferably t\\ice each summer. On suitable soil with reasonable attention the

white ]iine may be confidently jilanted for hedges and primed to any moder-

ate dimensions, from a lieight of t feet up as far as a ladder and })runing

shears will reach.

The second lot, ])lantcd in lS)"i(), is merely repeating the history of the

first planting.

These fine hedges are surpassingly beautiful when loaded with fresh snow.

Rharniiu.f cafharfica, CojfMox Buckttioux. A strong hardy shrub for-

merly a fa\()rite hedge plant in New England but lately almost forgotten.

Strong upright growth, foliage dark green, fresh and clean, not subject to

disease or insect attack. Two lots have been used in the present experiment.

The first lot were poor plants, old and overgrown, and were planted too far

apart (3 feet). After several years of failure they were cut to the ground

(spring of 1929) and are now giving promise of better behavior. The second

lot, planted 2 feet apart and heavily cut back (1926) have done well though

they ha\e not }et shaped into a permanently satisfactory hedge. Experience

here would indicate that the common buckthorn is suitable for faii'ly large,

hea\y hedges. (• to Id feet high and of nearly ecpial width.

Rhus ttiphiiia laciiiiata, Shrkdded Sujiac A curious horticultural form

of the native staghorn sumac having very much dissected foliage which gives

a surprisingly interesting and decorative effect. The j)lant grows very vigor-

ously, upright or sprawling, suckering. It was included in the experimental

plantings of 192() with tlic expectation that it w ould prove the most refractory

plant that could be chosen for hedge making—an expectation fully justified in

experience. It is absolutely and altogether unsuited to any sort of hedge use.

Rose, F. J. Grootexdorst. In habit of growth this resembles the parent,

Rosa riKiosd. It is hardy, very thorny, strong and upright, with coarse,

glossy foliage. The bright red flowers, however, are borne on loose trusses

throughout the summer and are fairly good. Like jR. ru(josa this seems

adapted to the seashore, but will thrive in any garden with even moderately

good soil. It does not lend itself to shearing, but will make an excellent divi-

sion line with a mininmm of care. The old .stems should be cut out annually

down to the ground. Young shoots will make a growth of 2i/,-4' feet.

Rose, Lord Jefferv. This is a form of the native Rosa palustris {Carolina)

of cleaner, stronger growth than the type, less inclined to sucker, and with

better lilooms. On the dry soil of this garden it thrives and makes a delight-

ful border, but does not suit well with the priming shears. For a somewhat

informal border it may be cordially recommended.

The type, Rosa palustris, has also been tried but proves to be unpleasant-

ly weedy.

Rosa rnultifiora. Jai-anese Rose. A strong sprawling hardy shrub with

attractive flowers and fruits. Planted 1921, removed 1921. Proved to be too

wayward for any form of hedge.

Salix caprea, Goat Willow. This is one of tlie many varieties known as

a "pus.sywillow" and is desirable for spring forcing. If cut to the ground

early each spring (February) it makes a growth of 5-6 feet and forms a

u'ood garden border. Even in this capacity it has many superiors.
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Salix vitelliiKi. GoLDEx Willow. When full iJirown this species makes a

moderate tree, l)ut it can l)e cut hack to any extent desired. In the present

experiment it has been cut back to the ground early eacii sprinp-. From this

point it throws up a thick <irowth of slender shoots to a heijiht of (i-8 feet.

These bear silvery green foliage and present a sunny, ])leasing ajtiiearance

throughout the summer. The best effect, however, is tiiat shown by their

glowing yellow shoots during the winter, brightening toward spring. As a

sheared hedge this species is highly impracticable; but as an informal border,

cut back annually as described, it has real merits.

Thuuberg Spirea cannot be successfully sheared but makes a pleasing boundary

planting

Spiraea thuuhcrijl. Tiil-xiseug Spirea. A Japanese shrub very jiojiular in

general ornamental planting. Growth slender and willowy; foliage fine, deli-

cate and attractive; flowers small, white, abundant. This species has done

well in the hedge plantation but has never submitted gracefully to any shear-

ing. If it is cut back to the ground everv year, or every other year, it makes

a soft and pretty garden border. Treated as here recommended it makes a

border api)roximately 3 feet tall and 3-4 feet broad. Its fine texture, grace-

ful habit of growth, delicate flowers, and general refinement suggest its use

near dv\-ellings and in other intimate surroundings.

Symphoricarpos racemosus, Commox Sxowberry. A popular native shrub,

its snow-white fruits persisting into the winter and being much admired. The

habit of growth is slender and arcuate and not adapted to barrier hedges

where shearing is required. Nevertheless moderate jjruning will not injure

the plants. With light shearing or none (annual removal of old wood from

the bottom) this makes a desirable garden border.

Thuja occidentalis, American Arborvitae. A very hardy and well-known

native evergreen tree, generally found in swampy lands or lake shores. It has

long been known as a hedge plant of great value. The first planting in these
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The Snowierry makes a graceTul, pliable border, but does not shear well.

ex]>eririients \\ a.s iu;ide in lifil and, in spite of the dry soil, lias never faltered.

No replacements have been required, and though some browning of foliage

could he noted in dry summers, the general appearance has always been good.

Experience here merely confirms the popular verdict that American arborvitae

is one of the best hedge plants in the entire list, adajited to a considerable

Arborvitae hedge ten years old— one of the best of all hedges
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'^'.^^m

Arborvitae six years planted and clipped to a very small garden edging

raiiiic of soil coiulitioTis niul t-xposin'cs, ;iiiicn,il)l<' to ;iliiio.st .iiin kind of tffal-

iiifiit, ;ni(i .suited to many forms of izai'tlfii iisr.

A second plaiitint!; of tills species was made in the sprini;" of 1!*2I. wit!)

small })lants \ inches high set (i inches a]iart, with a \ iew to testinii the fc-

siilts of very close pruning. It was thought that perhaps a small gai-den hor-

der or edging might be grown. The results after six years are faii'ly satisfac-

tory. It has been ])ossible to keep these ])lants in reasonably good health and

growth and yet ])rune them to a height of 7 inches and a width of (i inches.

Arborvitae covered with snow and even more at liojue tlian in the suinmer
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(It in.iy lie r<'iii<'inl)erecl that tlie arl)i>r\ itiic naturally makes a good-sized

tree.) W'liile tlie garden edging thus produced is not so clean and sohd as

liiiglit he desired, il is yet reasonahly good and tlie ex]ierinient may he reeom-

meniUnl to any jiaiient gardener.

Tsaijti. raii(i(]( ii.iifi, Caxad.v I Ii::m lock. A \\cil-l<no\\ n na[i\e e\'ergreen tree

suited to cold lands, and nortiiei-n exposures. It has long heen known as a

highly desirahle hedge material. It thrixcs admii'ahly under the shears and

makes a smooth, thick, and very l)eantitul hedge. On the dry warm soil of

our ex|)eriniental planting two trees were lost in the dry summer of 19.3d;

otherwise the hedge has done well. Planted in l!)"2(i, it is now 2 feet high and

2 feet broad. This is rather small. A hemlock hedge does its best wlien (i

feet tall or more, uj) to 15 feet, ttr as high as shearing is practicable. M'liere

the soil is moist and cool (drying old of the roots is fatal), the Canada hem-

lock is unsur})assed for hedge work.

~1"'P

Canada Hemlock always makes a beautiful hedge on proper soil

(Wliite Pine on left)

Tsuf/a rdroliuidini, Cauoi.ix.v IIiimi.ocic. .Siiiiilar to the foregoing, \\ith

foliage slightly lighter green arul twig growth more irrcgul.i r. I*',\iii on the

light soil of this ))lantation makes a good stand with .in animal growth of

1-1(1 inches. In in ycirs it has never shown dead spots or other indications

of weakness. ( )n he.uy cool soil e\eii heller results might he ant ici|)aled.

lloweser, there is no reason fm- using this species in New Mngland in sub-

stitulion f(n' the naii\e hemlock.

]' il'uniKiH cii.'-w.iniidcs. W iri i i:-i!oi). .\ hardy and I'.eauiiful natixe shrub

wilh i;-ood h;ihit of growlb, good foliage, ralhcr ;i 1 1 r.'icl i\ c llowers and fruil.

A]i]).irent 1\ well ada|>led for lu'dge maidng, cspccLillN when \ery se\ere shear-

inu' is not i-e(piire(l. In Ihc pi'csenl expcrimeni il has ne\er made a good

hedii'e; lull the reason lies so obviously in the |)lanls' iiii ip.i I .ihili I \ wilh

the dry, gi'a\elly soil Ihal some excuse m;iy b> gr.inled. The wilhc-rod is con-

sidered well worth further trial on moistcr, richer soil.
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Carolina Hemlock, ten years planted—one of the best of all hedges

Wi:uii:i,A Eva Rathkk. A popular jiarden shrub, hardy, w itli clean, rather

coarse foliajie and attractive dark red flowers. Tliis shrulj grows well and

would seem promising for use as a garden hedge, hut this promise has not

yet been fulfilled in the college plantings. Plants set in hedge rows in 19'2fi

have not made sufficiently strong and even growth to form a good hedge; but

the\' deserve a more extended trial.

CaroUna Hemlock, winter aspect, admired by all beholders
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INFECTIOUS TRACHITIS

By Charles S. Gibbs

Assistant Research Professor of Veterinary Science

Tlie disease discussed in tliis bulletin has been iiiven several names by

difl'erent investigators. The syuiptonis, patliology, and virulence a])i)ear

t) vary in the different localities frmn wliich it has been reported. Ilin-

sliaw (l!)'2o), after studyinsf the disease at feeding stations in the Middle

AVest, decided to name it infectious bronchitis. May and Tittsler (1925),

wliile studying an outbreak in pullets and cockerels, influenced more or

les< by extreme cold in the open, called the disease tracheolaryngitis.

These names ini\' have been ajjprojiriate for the particular strains of

iiifcctious trachitis studied, but neither name a])plies to the thirteen

strains included in this investigation.

'I'en strains used in these experiments came from widely separated towns

in .Massachusetts, two from California, and two from Xew Jersey.

Bronchitis was not produced by any of these strains. Laryngitis was less

freipient than hejiatitis, s])lenitis, and nejihritis. The infection apjiarentiy

began in the trachea, and the chief lesion was present in and confined

to this tract. While a }vseudomend)rane was (pate often found in the

l.tryux, this lesion was not much more common that iiatciies of di])htherit-

ic membrane in the nas()-])bar\nx, esophagus, and commissures of the

beak. Laryngitis was a secondary lesion following a ]>rimar>' focal in-

ftcti(m in the trachea, and fell into the same category as hepatitis, spleni-

tis, nephritis, and the formation of iiseudoniend)rane and cheesy exudate in

the infraorbital and paranasal sinuses. Because some birds died of suffo-

cation, due to an excessive formation of jiseudomembrane in the larynx

£ind trachea, the name laryngotrachitis might iiave been ap])ro])riate in

such cases. In general a shorter name is jireferable. The name infectious

trachitis is suggested because it is easily jjronounced, includes the prom-

inent lesions of the disease, and dift'erentiates this malady from all other

respiratory afflictions of the domestic fowl. Here it will be called in-

fectious trachitis.

Infectious trachitis has not been definitely rejxtrted outside of the

United States and Canada. Newcastle disease, reported by Doyle (I.O'ZT)

in England, an enzootic discovered by Kee (1928) in the Philippines, and
ii new attiiction of ])oultry in India called "Raitikhef" by Cooper (1929)

present some similarities. It may l)e significant to mention that most of

our breeds of poultry came originally from the Orient and England.

Kernohan (1930) showed that infectious trachitis has existed in this

country for a long time. It may be that the relation of these diseases

is closer than is realized at jiresent.

.\ study of the necrojisy records of specimens subnntted to the Depart-

ment of X'eterinary Science at the .Massachusetts State College

for diagnosis shows that infectious trachitis probably was jiresent in

Massachusetts as early as March, 1920. A .study of the records kept

the last six months of 1928, and the years 1929 and 1980, indicates that

enzootic centers of infectious trachitis existed in nearly all parts of the
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State. While these laboratory records, as.sociated with the diagnostic

service, do not give the total number of cases for any period, they show
that the disease has existed in Masachusetts for at least ten years, and

during this time has been progressively advancing into new territory.

It should be pointed out that the specimens sent to the laboratory were

almost entirely from localities in which infectious trachitis had not been

reported in previous years. Apparently each specimen represented a new
enzootic center, in which the disease was not recognized, and poultrymen

took advantage of the laboratory for diagnosis. In tliis way, it was

discovered that at least seven new enzootic centers iiad developed each

year for the last ten years. The mortality observed by reliable poultry-

men in individual flocks under field conditions varied from 5 to 90

per cent, depending upon the age, condition, and resistance of the birds.

Sometimes in flocks consisting of pullets and cockerels, the outbreaks

were explosive in character; the disease, in such instances, spread through

the flocks in a week or two in spite of all eiforts to check it, took its

toll, which was iisually heavy, and disappeared as quickly as it came.

In flocks of older birds, such as are commonly kept for breeding pur-

poses, the disease often spread slowly and in such flocks was likely to ap-

pear sporadically. In some of the birds the infection was acute, while in

others it was chronic. Some of the chronic cases showed lesions of pseudo-

niembrane in the trachea and larynx for five or six months. In these

sporadic appearances of infectious trachitis the mortality usually was

low. but the loss in production in most instances was great.

External factors, such as cold and damp weather, overcrowding and

under-feeding, have been held responsible for predisposing flocks to the

disease. While these predisposing factors are important in the propa-

gation of infectious trachitis. the experiments which follow indicate that

the disease is caused by a filtrable virus, and that poultry will not con-

tract it unless this causative agent is ])resent.

The First Transfer of Granby Virus.

Two field cases of infectious trachitis were sent to the laboratory for

experimental purposes on November 20. 1929. Since the flock of origin

was at Granby, Massachusetts, the material was designated the Granby

Virus, in order to distinguish it from the strains used in other experi-

ments. The same day the field cases were received, four White Leghorn

cockerels, VP 880, VP 881, VP 882, and VP 884, were inoculated intra-

tracheally by means of cotton swabs. White Leghorn cockerel, VP 885,

was kept as an uninoculated control. All of the inoculated cockerels

developed the disease with the following clinical and pathological histories.

Five days after inoculation, VP 880 appeared listless, ruffled, inap-

petent. and anemic. Slight dyspnea appeared at inspiration. An exam-

ination by transmitted light showed pseudomembrane in the rima glottis.

The next day, November 26. the dyspneic symptoms were increased and

halitosis was very evident. The bird appeared to be weak and spent

most of the time off its feet. The seventh day after inoculation, Novem-

ber 27, the cockerel was unable to stand. At inspiration the head Mas

raised, while the bird gasped for breath with open beak and emitted a

peculiar sound as the air was inspired. During expiration the head was
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li-.wered and t'-.e beak allowed to re-t on the hreaj-t for a few moment,-.

Tlie eomi) and wattles were cyanotic in appearance. Tiie Iiead find

legs felt cold to tlie touch. Since the projrress was unfavorable

the bird was killed. The general condition of the cockerel was

emaciated and anemic. Necropsy revealed patches of yellowish-white

pseudomembrane in the pharynx, while the larynx was nearly occluded

witii a cheesy white mass. The trachea showed des(]uaniative epithelial

inflammation and hemorrha.ffes of the mucosa and submucosa. In addi-

tion, fatty de,£i:eneration of the liver and hemorrhagic inflammation of

the tubular tissues of the kidneys were present. Histopathological sec-

tions of tissues from the trachea showed desquamation of the epithelium,

hcmorrhaaes and coagidation necrosis of the mucosa and submucosa.

Cockerel ^'P SSI did not show any symptoms of disease for nine days.

On November 29. it was not as active as usual, the feathers appeared

ruffled, saliva flowed from the beak, and all desire for feed had vanished.

The bird was weak, scarcely able to stand, and dyspnea uas apparent.

Without showina- any sii>:ns of iiuprovement the cockerel died two days

later. The carcass was emaciated. The comb and wattles were cyanotic.

Postmorteiu examination revealed the presence of con.trestion and pus

in the larynx and posterior nares. The trachea was filled with a purulent

muco-fibrinous mass, and the mucosa was inflamed and necrotic in places.

The lungs were congested and showed consolidated areas near the periphery.

Histopathological slides ]irepared from diseased tissues showed hyperemia

and fibrino-purulent inflammation of the tracliea and larynx, congestion

of the lungs with a large number of small mononucle;ir leucocytes in the

alveolar spaces, cloudy swelling and fatty degeneration of the liver, and

cloudy swelling and hemorrhagic inflammation of the tubular areas of the

kidneys.

Cockerel ^'P S82 showed symptoms after six days. On November 20

the bird iiad no desire for feed, appeared to be weak, the comb and wat-

tles were cyanotic, and there was a j^ronounced inspiratory dysi>nea. The

cockerel died the following day. The general condition of the carcass

was fair. Necrojjsy revealed destjuamative inflammation of the trachea.

The exposed surface of the mucosa appeared dry and of a grayish-yellow

color. The syrinx was occluded with dried exudate containing desquamat-

ed ciliated epithelium, apparently from the trachea. The lungs, kidneys,

liver, and spleen were hemorrhagic in appearance. Histological sections

of tissues from the diseased areas, stained by Unna's alkaline methylene

blue and eosin, confirmed all of the gross findings.

In addition, the trachea showed hyperemia and fibrinous inflammation

of the mucosa and submucosa; the lungs, interstitial inflammation with a

tendency toward consolidation at the peri])hery; the kidneys, cloudy swell-

ing; the liver, perivascular foci of hyperplasia of histiocytes and hydropic

degeneration; the spleen, congestion and large number of polymorphonu-

clear and small mononuclear leucocytes in the arteries, capillaries, and in

some places in the parenchyma.

Cockerel VP 884 showed symptoms of disease eight days after inocu-

lation. On November 28 this cockerel did not eat, the feathers appeared

ruffled, and the face was pale. The next day dyspnea and emesis were

present. The vomiting was apparently caused by fermented feed in the

crop. An examination by transmitted light disclosed pseudomembrane
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in tlie riiiia glottis. The comb and wattles ajipeared cyanotic. T!ie

temperature of tlie liird was 107° F. On l)eceiid)er 2, tlie teiiii)eratiir»'

was 106.7° F. The cockerel died the following day. The carcass was

emaciated and anemic. An examination for gross pathology revealed

desquamative epithelial inflammation of the trachea, leaving the mucosa

dry and grayish-yellow in color. The syrinx wa.s occluded with dried

exudate. Enteritis was marked. The intestinal wall appeared hyperemic

•and necrotic in places. The tissues of the lungs, liver, and kidneys were

hemorrhagic. Histopathological sections revealed fibrinous inflammation

of the mucosa and submucosa of the trachea; congestion and hemorrhagic

inflammation of the lungs; cloudy swelling, and foci of hyjierplasia of

histiocytes in the liver; cloudy swelling and hemorrhagic inflammation

of the kidneys and spleen. Sections of the lesions in the intestinal wall

manifested hyperemia, necrosis, and foci of hyperplasia of reticuloendo-

thelial cells with lymphoid infiltration. Some of the hyjierplastic areas

showed diffused inflammation.

From this study of infectious trachitis in the four cockerels, it was

found that the disease was both infectious and easily transmitted from

diseased to healthy birds by intratracheal inoculation. The incubation

period and the length of time that the cockerels lived after inoculation

with this virus varied as follows:
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Table 1.

—

The second thakseeu of the Guanky viitus.

Cockerel No. VP 881

Ttmp. History

Fowl No. 30991

Ttrnp. History

Fowl No. 30992

T<mi). History
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Fowls I lool and I ISli had laryngitis and I 1698 did not show any

symptoms or lesions of disease. From these results it was concluded that

tlie virulence of the Granby infectious trachitis virus had attenuated dur-

ing the third transfer and the resistance of the fowls may have been a

factor in the process.

Rhode Island Red fowl MC 60840 contracted the disease from an acci-

dental infection and died December 30, 1929. This made it possible to

check up the experiments on the filtration of the Granby virus. Also, a

fourth transfer of the Granby virus was made from this fowl, demonstrat-

ing that the resistance of fowls I 1551, I 1514, and I 1698 was largely re-

sponsible for the attenuation of the Granby virus.

The Fourth Transfer of the Granby Virus

Three Rhode Island Red fowls were treated intratracheally with virus

fiom MC 60840 on January 2, 1930. The results of this transfer of the

Granby virus are given in Table 3.

Table 3.

—

The fourth transfer of the Granby virus.

Date

Fowl No. I 2132

Temp. History

Fowl No. I 2567

Temp. History

Fowl No. I 2106

Temp. History

°F
1/2/30

1/3/30

1/4/30

1/5/30

1/6/30

1/7/30

1/9/30

1/10/30

1/11/30 109.5

1/12/30 106.4

1/13/30

1/14/30

1/16/30

1/17/30

1/18/30

107.2 Inoculated

107.4

107.3

107.4

107.5

107.4 Symptoms of

infectious109.0

110.0+ trachitis

Dead
( Lesions typical of

infectious trachitis)

°F
107.3 Inoculated

107.2

107.1

107.3

107.3

107.4

107.2

108.5 Symptoms of

109.4 infectious

108.2 trachitis

107.4

107.6 Improved
107.4

107.2

107.0 Recovered

107.1 Inoculated

107.2

107.1

107.2

107.2

107.1

107.0

109.2 Symptoms of

108.3 infectious

108.6 trachitis

109.2

107.2 Dead
( Lesions typical of

infectious trachitis)

In this experiment the Granby virus was found to be of sufficient viru-

lence to infect all three of the fowls inoculated. Two of the fowls died

and one recovered. This experiment demonstrated that the Granby virus

had retained its potency in fowl MC 60840. Like all viruses which cause

disease in animals, the Granby virus evidently retains its potency as long

a? it is transmitted in susceptible birds, but tends to lose its virulence in

resistant fowls. The fowls reported under the third transfer of the

Graaby virus were apparently resistant to the disease.
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Filtrability of the Granby Virus

The larynx and trachea of both fowls which furnished the Granby virus

were triturated in a sterile mortar with sterile physiological saline solu-

tion. After permitting the mass to macerate over night in the ice Box,

the coarser particles were removed by filtering the fluid through sterile

gauze. Then the filtrate was divided into four parts. The first part was

forced through a sterile Berkefeld W filter, under an extra pressure ot'To

to 18 mm. of mercury, as measured by a manometer attached to a water

suction pump. The second portion was subjected to an extra pressure

of 10 to 12 mm. of mercury to force it through a Berkefeld N filter. The

third part readily passed a Berkefeld V filter under an extra pressure of

(j to 8 mm. of mercury. The fourth part was used as an unfiltered control.

Berkefeld W Filtrate

Three Plymouth Rock fowls were inoculated intratracheally on Xovem-

ber 28, 1929, with Granby infectious trachitis filtrate which had passed

through Berkefeld W filters. On January 2, 1930, the fowls were re-

inoculated with tracheal exudate from fowl MC 60840. The results are

given in Table 4.

The fowls did not contract infectious trachitis when their tracheas were

swabbed with the filtrate of Granby virus which had passed through

Berkefeld W filters, but all three were afterwards found susceptible to

unfiltered Granby virus. Fowl 3000.5 died rather quickly after symptoms

appeared. A postmortem examination was made and not a lesion of any

kind could be found either in or on the body. This may have been ;i

toxemift form of infectious trachitis, as reported by Graham (1929). This

experiment indicates that the Granby virus did not pass the pores of the

Berkefeld W filters in sufficient quantities to cause infectious trachitis in

susceptible fowls.
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Tahi.k k

—

Results of inoculation with Beukefeld W iiltrate op

GuANBY VIRUS.
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'1'abi.k 5.

—

Rksi'i.ts of inoci'i.at.on with Bekkefeld N fu.tuatk of

Cj1!AN!;v virus.
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Table 6.

—

Results of ixoculation with Berkei'eld V filtrate of

Gran BY virl^s.
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TaBI.K 7. RkSULT3 of INOCULATION' WITH UNFII.TERED GuANBY VIRUS.
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Table 8.

—

History of birds rsi:i) as controls on the Granby viri^s

EXPERIMENTS.
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Hie disease in tiie flock at I.everett. Tlie fact tliat these seven birds were
brought to the I-aboratory of Veterinary Science at Amherst and given

the best of individual care made little difference in .mortality, as com-
pared with the flock as a wiiole. Wiien an atteini)t was made to trans-

mit the disease to pullets of the same age from anotlier source, only one

Table 9.

—

The first transfer of virus from chronic field cases.

Treatment
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of tiie four pullets so treated contracted the disease and died. The re-

sults of this transfer appear in Table 9. .'\n attempt to inoculate chicken

MA 94420 with virus from chicken L 34, as recorded in Table 10, was

futile, for MA 94420 did not take the disease. The Leverett infectious

trachitis virus tended to produce a chronic form of the disease which

was not easily transmitted to healthy chickens under laboratory condi-

tions.

Two attempts were made to transmit Westwood virus. In the first

experiment nine healthy fowls were inoculated on February 26, 1930, with

tracheal exudate from two Westwood fowls showing clinical symptoms of

infectious trachitis. Four of the inoculated birds developed mild, non-

fatal cases, and five did not react at all.

The next chronic field virus tried out in the laboratory came from

Gardner on March 15, 1930. An attempt was made to transmit the in-

fection to healthy birds under laboratory conditions. With this object

in view, four cockerels and six pullets were treated intratracheally with

exud"ate from the tracheas of the fowls sent in. Also the livers, spleens,

and kidneys showing lesions of infectious trachitis were fed to the cock-

erels and pullets. Table 9 shows that four of the birds remained well

throughout the experiment, three had mild chronic cases with cough and

pseudomembrane in the larynx, and three developed acute symptoms of

disease. One of these three, MA 94470, died.

An attempt to transfer the disease from the three acute cases is record-

ed in Table 10. There were no fatal results, although chicken MA 94473

contracted the disease in a mild form. The final virus was lost in an

attempt to transfer it from MA 94473 to MA 94469.

Three fowls having chronic infectious trachitis were sent in from Sout!\

Lincoln on April 30, 1930. Two fowls, three cockerels, and three young

chickens were treated intratracheally with this virus and no reactions oc-

curred. The virus had apparently lost its virulence, although the fowls

sent to the laboratorj' were suffering from severe chronic tjpes of in-

fectious trachitis.

The last infectious trachitis virus mentioned in Table 9 was called the

Watertown virus because it was found in a flock of laying hens at Water-

town. Seven chickens about a month old were placed on this experi-

ment. All of the chickens remained well, demonstrating once more that

it was not always possible to successfully inoculate healthy birds witTi

infectious trachitis virus from old chronic cases of the disease.

Table 10.

—

The second transfer of virus froim chronic field cases.



Fig. 1.—Desquamative Epithelial Inflammation of the Trachea of Cockerel 881.

(Magnification 420 diameters.)

Fig. 2.—Pseudomembrane in the Trachea of Chicken MA 94479.
(Magnification 200 diameters.)



Fig. 3.—Interstitial Inflan.mation of the Lung of Cockerel 882.

(Magnification 420 diameters)

Fig. 4.—Hemorrhagic Inflanunation and Coagulation Necrosis of the Liver of

Fowl 60553. (Magnification 420 diajueters.)



Fig. 5.—Fatty Degeneration of the Liver of Cockerel 88-1.

(Magnification 420 diameters.)

Fig. 6.—Ruptures and Hemorrhages in the Spleen of Cockerel 88i

(Magnification 420 diameters.)



Fig. 7.—Hemorrhages in Cortical Substance of Kidney of Chicken V 2244.

(Magnification 420 diameters.)

Fig. 8. Hemorrhagic Inflammation and Coagulation Necrosis Extending into the

Medullary Substance of Kidney of Chicken V 2241.

(Magnification 420 diameters.)
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Continuous Passage of the First California Virus

In order to make comparative studies of infectious trachitis from differ-

ent parts of the United States, outside of Massachusetts, two strains were

obtained from California in the spring of 1930. Since these viruses came

in the hatching season, it was possible to use chickens in the experiments.

I!: was anticipated from the results secured with the Granby virus and

others that chickens would be less resistant than fowls, so that the viru-

lence could be more uniformly maintained. Chickens between one and

three months of age were used in these experiments. Results are shown

in Table 11.
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in our h.ands.

Chicken V 2230.—At necropsy, the general condition was good. The
face was pale and the comb cyanotic. Pseiidoinenibrane was found in the

larynx, the trachea was inflamed, and congestion was noticed in tlie

lungs, but no evidence of consolidation could be found. The kidneys

Mere swollen and the tubular areas were hemorrhagic.

V 2230 culminated one month and twenty-five days of successful trans-

mission of the California virus in the laboratory without loss of viridence.

The average period of incubation in these chickens was five days, the

longest seven days, and the shortest three days. The average fatal course

;;fter inoculation with the first California virus was 7.-57 days, the longest

10 days, and the shortest 5 days.

Continuous Passage of the Second California Virus

Tiie second California virus was jiropagated at the same time as the

first virus. The results were nearly alike and the data for the second

virus are given in Table 12.

Tahli; 12.

—

Transfers of second California virt's.
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ever, the foregoing conclusion is drawn with all reserves because of the

limited number of strains studied, and the data upon which it is founded

are given in Table 13 so that its limitation may be readily appreciated.

Table 13.
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Table 14.

—

Results of inoculation with Bekkefei.o W fii ritAiE of the first

California viRirs.

Date
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1'able 17.

—

Results of inoculation aaith the first California virus

unfiltered.

Date Chicken No. V 2231 Chicken No. V 2233 Chicken No. V 2388

6/28/30 Inoculated

7/1/30 Symptoms of

7/2/30 infectious trachitis

7/7/30 Dead
7/9/30 (Lesions typical of '

infectious trachitis)

Inoculated

Symptoms of

infectious trachitis

Dead
(Lesions typical of

infectious trachitis)

Inoculated

Symptoms of

infectious trachitis

Dead
(Lesions typical of

infectious trachitis)

The Filtrability of the Second California Virus

Tracheal exudate from chickens V 220.5 and V 2211 was used to pre-

])are Berkefeld W, X, and V filtrates according to the method reported

previously in these experiments. Chickens Mere inoculated intratrache-

ally with these filtrates and the results noted in Tables IS, 19, and 20.

Table 18.

—

Results of inoculation with Berkefeld W filtrate of the

SECOND California virus.

Datt Chicken No. V 2204 Chicken No. V 2206

6/3/30

6/16/30

6/20/30

Inoculated*

No symptoms of disease

Inoculated**

Dead
(Lesions of infectious

trachitis)

Inoculated*

No symptoms of disease

Inoculated**

Dead
(Lesions of infectious

trachitis)

* Berkefeld W Filtrate of the second California virus used.

** Virus from Chicken V 2211 used.

Table 19.

—

Results of inoculation with Berkefeld X filtrate of the
SECOND California virus.

Date Chicken No. V 2385 Chicken No. V 2386 Chicken No. V 2387

6/3/30
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Table 20.

—

Rksitlts ok inoculation wni; Rkukefki.d A' filtkai-e of the

SECOND California vikus.

Date Chicken No. V 220S Chicken No. V 2209 Chicken No. V 2210

6/3/30 Inoculated

6/7/30 Symptoms of

6/9/30 infectious trachitis

6/11/30 Dead

6/14/30 (No lesions)

6/18/30

6/21/30

Inoculated

Symptoms of

infectious trachitis

Dead
(Lesions of

infectious trachitis)

Inoculated

Symptoms of

infectious trachitis

Dead
( Lesions of

infectious trachitis)

These experiments demonstrate that tlie second California virus did not

pass the pores of Berlvefeld W and N filters in sufficient (piantities to

iulect the five chiclcens inoculated, aithoujih t!ie birds were all found

susceptible to the unfiltered virus later. Sufficient virus passed the pores

of the Berkefeld V filters to kill tiie tliree ciiickens inoculated, tlius in-

dicating that tlie second California virus was filtrable. Attention slioiild

be called to V 220S. as this is the second bird observed in these experi-

Uients, ai)]iarently dyinii- of infectious tracliitis, but slu)wing no lesions of

disease.

Demonstration of the Second California Virus in the Tissues of

Diseased Chickens

Since the tissues of the spleens, livers, and kidneys of so many of the

birds examined at necropsy showed lesions, such as hemorrhagic inflain-

ii'.ation, hyperemia, coagulation necrosis, infiltrations, iiyperj)lasia, and

fatty degeneration, it was thought tliat tissues from these organs might

yield virus for inoculation purposes. Up to this point tracheal exudate had

been depended upon as a source of virus. The supply of tracheal exudate

was limited in each case. The need for a greater supi)l\, as well as <i

more potent \irus, was keenly felt as these experiments progressed.

In order to demonstrate the iiresence of \irus in the tissues of chi<'kens

(l^ad of infectious trachitis, the following ex])eriments were conducted us-

ing the second California virus as the infecting agent: -

The liver from V 2211 was triturated in a sterile mortar, with a sterile

pestle, in enough sterile saline solution to make a suspension, .\fter re-

maining in the ice box over night, the liipiid was poured through a sterile

gauze. This gau/.e filtrate was run through a Berkefeld \' filter. On
June 7, 1930, the clear Berkfeld \'' filtrate was used to swab tlie trache.is

oi chickens V 221(5 and V 221S. On .Fune 12, \' 221(i died of infectious

trachitis, but V 2218 remained apparcnfl> unatlected. On June 16, V
2218 was re-inoculated intratracheally with unfiltered virus from V 2221

which had Just died of infectious trachitis. Five days later V 2218 died

of the same disease, .•Uiowing that it was not immune. This experiment

demonstrated that the virus of infectious trachitis was present in the
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liver of chicken V "i^ll in sufticient potency to witlistand dilution and
candle filtration, and transmit the disease to one of two healthy chickens

following intratracheal inoculation.

Also the Berkefeld V filtrate of tlie spleen of chicken V 2211 was used

to swab the trachea of chicken V 2213. Five days later this chicken

died. The general condition of V 2213 was fair. The mucosa of the

trachea was inflamed. Coagulation necrosis was evident in some of the

histological sections prepared from the tissues of the trachea. Hyjier-

plasia of histiocytes and infiltrations of vascular cells were evident in others.

The most important gross lesions were the occlusion of the syrinx with

tiacheal exudate, congestion, and hyperemia of the lungs, liver, and kid-

neys. The spleen was about one-half the normal size for a chicken of

two months. This is the second time that this anomaly has been ob-

served during the course of this study in birds dead of infectious trachitis.

The spleens of V 2213 and V 2216 were used to prei)are a Berkefeld

V filtrate. On June 13, 1930, ^' 2327 was inoculated intratracheally with

this filtrate and five days later was found dead in the coop. The carcass

showed no evidence of emaciation, although the face was pale, the comb
cyanotic, and the feathers ruffled. Apjiarently the chicken had died of

suffocation. Pseudomembrane was found in tlie anterior trachea ami
desquamative epithelial inflammation was noted in tlie posterior trachea.

The syrinx was obstructed with traclieal exudate, the lungs were con-

gested, the liver was swollen and hemorrhagic in i)laces, the spleen was
inflamed, the kidneys were hemorrhagic in the region of the uriniferous

tubules, while the interstitial tissues appeared blanched and anemic. The
chicken had died of acute infectious trachitis.

The swollen and hemorrhagic portions of the kidneys of V2213 and X
2216 were carefully dissected out from the normal tissue and used to pre-

pare a Berkefeld V filtrate. On June 13, 1930, the kidney filtrate was

used to inoculate chickens V 222-5 and V 2226, intratracheally, by means
of cotton swabs. A week later V 2226 died. The clinical and pathological

findings indicated that the chicken had died of infectious trachitis. Ten
days after inoculation V 222.5 died. The symptoms and lesions were typical

of infectious trachitis and resembled the findings as recorded for V 22LT.

Berkefeld V filtrates, prepared from the tracheal exudate of chickens

V 222-5 and V 2226, were injected intraperitoneally into chicken V 2231-

and subcutaneously into chicken ^' 223-5 on June 23, 1!(30.

Chicken V 2234 died on July 4, 1930. At necropsy the trachea was
found congested and hemorrhagic. Patches of pseudomendjrane were

observed in the respiratory tract. There was fatty degeneration of the

liver, the spleen was swollen, the kidneys were hemorrhagic and covered

with urates. From these lesions a diagnosis of infectious trachitis was
made.

Chicken V 2235 lived until August .S, 1930—one month and four days.

In the meantime, the bird had chronic infectious trachitis, the symptoms
of which were not serious until August 5. On this day the condition of

the chicken was decidedly worse; the face was pale, the feathers ruffled, the

appetite failed, and the comb and wattles were cyanotic. The next day
marked dyspnea appeared which increased in intensity until the chicken

died two days later. Postmortem examination revealed slight catarrhal

inflammation, accompanied by pin-point erosions in the mucosa and sub-
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mucosa of the intestines. The anterior trachea manifested considerable

grayish-white mucus in the midst of which were localized caseated areas.

The middle portion of the trachea was slightly hemorrhagic. The bronchi,

lungs, larynx, and other internal organs sliowed no lesions. The case was

diagnosed as chronic infectious trachitis, culminating in relapse and death.

This was the only instance in which a bird contracted infectious trachitis

as a result of subcutaneous inoculation of virus. Cross infection was ex-

cluded by adequate controls which were kept under the same conditions

and remained healthy throughout the experiment.

The second California virus was demonstrated in the tissues of the

spleens, livers, and kidneys of chickens dead of infectious trachitis. TEe
virus as measured by dilution and inoculation into healthy chicks by

tracheal swabs, was no greater in the tissues of these organs than in the

tracheal exudate.

Tissues of the liver, spleen, kidneys, and trachea may be used along Mith

tracheal exudate to provide a larger quantity of virus of fair potency.

Continuous Passage of the First New Jersey Virus

Further studies of infectious trachitis viruses were made with two

sirains received from New Jersey. These were known as the first and

second New Jersey viruses. Results with the first New Jersey virus are

shown in Table 21.

Table 21.

—

Transfers of first New Jersey virus.
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dark pinkish-white in color, and of a parboiled consistency; the bronchi

V, ere congested and hemorrhagic up to the syrinx; the trachea, larynx,

and pharynx were normal; there was fatty degeneration of the liver and

hemorrhagic inflammation of the kidneys, with deposition of urates in

the abdominal cavity. This was the first case observed in these experi-

ments in which the bronchi were affected. The light in the brooder was

accidentally turned off and the bird developed broncho-pneumonia, in addi-

tion to infectious trachitis. Apparently bronchitis is a symptom of bron-

cho-pneumonia.

Chicken V 2239.—At necropsy a thick, cheesy pseudomembrane was

found occluding the larynx. The anterior half of the trachea was muco-

purulent, while the posterior part was normal. The liver and kidneys

were slightly swollen and congested. This case was more typical of in-

fections trachitis than the former.

Cliicken ^' 2238.—Tlie carcass showed no marked indications of loss

of flesh. The trachea and larynx were hemorrhagic. The blood in the

heart and large arteries was unclotted and dark in color. Also the sides

of the cage were stained with small specks of blood which had been ex-

pelled by coughing and sneezing. Fatty degeneration of the liver was

present. The kidneys were hemorrhagic, especially in the tubular areas.

The cut surface of the tubules appeared swollen and dark red in color,

while the interstitial portion was almost white. The parenchyma and in-

terstitial tissues were clearly differentiated in the kidneys. The spleen

was congested and of a darker hue than normal for chickens.

Chicken V 2244.—The gross pathology was typical of the New Jersey

strain of infectious trachitis. Tiiis virus appeared to produce more hemor-

rhagic symptoms than either the Massachusetts or California strains.

Chicken V 224.3.—The gross pathology was similar to the findings in

the case of V 2244, except that there was an abundance of pseudomem-
brane in the larynx and trachea. Prominent lesions noted in other parts

of the body were unclotted blood in tiie heart and large arteries, petechiae

on tlie pericardium, congestion of tiie liver, henu)rrhages in the tubules

of the kidneys, and blanching of the interstitial layers of the same.

Chicken V 22.50.—The general condition was good. A few patches of

pseudomembrane were found in the larynx and trachea. Coagulation

necrosis and fibrinous inflammation were evident in the mucosa of the

trachea. Some of tlie blood in the heart, large arteries, and veins was

unclotted, although the chicken had been in the ice box for twenty-four

hours before postmortem examination. The kidneys were hemorrhagic

and the blood remained unclotted in the tubular spaces.

Chicken V 22.51 did not react to the treatment.

In these experiments the first New Jersey strain of infectious trachitis

was carried through five transfers covering a period of 22 days. During

this time the virus showed no signs of deterioration. Excluding V 22^51,

which resisted infection, the average period of incubation was three days,

while the average length of course was eight days. The shortest period of

course was three days in two cases, and the longest period was thirty

days in one case.
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Continuous Passage of the Second New Jersey Virus

The second New Jersey virus was transniitted in series at the same
time as the first virus. Tlie results are given in Table 22.

'i'ABi.E 22.

—

Transfers or second New Jersey vn<us.
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Intravenous Inoculation with the First and Second New Jersey Viruses

On July 2.5, 1930, Rhode Island cl.iokens MA 31000, MA 94488, MA
04492, and MA 94494 received intravenously 1 cc. of Seitz filtrate from

chickens V 2240 and V 2280, which had died of infectious trachitis fol-

lowing intratracheal inoculations with the second New Jersey virus. Th'ese

chickens did not contract infectious trachitis as a result of the intravenous

injections, but were living and in good health three months after the treat-

ment. The control chickens, MA 9448.5 and MA 94487, inoculated intra-

tracheally with the same filtrate, at the same time, died of acute in-

fectious trachitis four and five days, respectively, after inoculation.

MA 94498 and MA 94499 were injected intravenously with 1 cc. of

Berkefeld filtrate of the first New Jersey virus of infectious trachitis from

chicken V 224.5. These chickens remained healthy and well for three

months without showing any indications of disease. However, the con-

trols, MA 94493 and MA 94497, inoculated intratracheally with the same

filtrate, died of acute infectious trachitis in five and seven days, respec-

tively.

Apparently virus of sufficient strength to kill birds inoculated intra-

tracheally, has no effect when injected intravenously.

The Viability of Infectious Trachitis Virus

From the beginning of these exi)eriments it was evident that the virus

of the tracheal exudates could not be depended upon to maintain its

virulence, for susceptible birds, for more than twenty-four hours at room

temperature, or three days in tiie ice box. However, viruses preserved

by the Swift (1921) method maintained their potency much longer. The

longest period of viability for the first California virus was two months

and twenty-six days, while the shortest was two weeks. The average was

four weeks and two days as indicated in Table 23. One of the first New
Jersey strains, which was especially virulent, maintained its ]iotency for

three months when jireserved by the Swift method. The average was

four weeks and five days (Table 23).

Table 23.

—

Viability of infectious trachitis virus under different

conditions.

Virus Transfer
Room

temjierature Ice box Swift method

Granby I

{

Amherst

Califcjrnia I

New Jersey I

First

Second
Third
I<"oi!rth
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These experiments indicate that the virus of infectious trarhitis does

not live more than a day or two outside of live birds when exposed to

light, air, and decomposition. However, in the winter under freezing

conditions, such viruses may last for five days or a week, and under
especially favorable conditions of freezing and drying they may even
last longer.

Carriers

Table 24' contains some data on acute and chronic carriers, which show
that the virus was present in the tracheal exudate in all but a compara-
tively few of the acute cases of the disease. It was also found in the

cloacal contents of three of the birds inoculated with the first California

virus and four of the cockerels and pullets treated with the first New
Jersey virus. The virus of infectious trachitis was not demonstrated in

the intestinal contents or in the blood of any of the birds studied" in

these experiments.

Two chronic carriers were found harboring the virus in the tracheal

Table 24.—A tabulation of the experuients ox cakrieus.

Substarxe exarri ed

Nan;e

cf

Course

of ti e

ciseose

Numl er cf I irds

Tctal

exarri ed

Virus

I
te.-e' t

Virus

al fer.t

Tracheal exiidate

Intestinal co-te^ts.

Cloacal coiiter.ts.

I
Granby

Hadley

Leverett , . . .

\\'ei=t\vood . .

So. Li. .coin.

Card- er. . .

Watertown.

Acute

Chroric

Cl.rot ic

Cliroi ic

Chror.ic

Chronic

Chronic

Chronic

Acute

Chronic
California I . . .

New Jersey I..

f California I f Acu

I New Jersey I.. . . I Acu

i

California I. . .

New Jersey ]....< ,,,
I Chror.ir

Acute

Chronic

.'.cute

Chroi.ic

15

8

10

.3

:^o

2

144 62
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exudate of sufficient virulence to cause deatli in susceptible cockerels

These chronic carriers had previously suffered an attack of infectious

trachitis due to intratracheal inoculation of the Gardner and California

strains of the disease, and had recovered from the acute stage in two
and four weeks, respectively. They represent 3 per cent of the total

puinher of chronic cases examined. If, after every outbreak of infectious

1 rachitis. 3 per cent of the birds are carriers for an indefinite period after

the acute stage has subsided, it is evident that such flocks are a potential

danger to susceptible birds as long as the carrier stage exists.

From a total of 14-4 birds examined, showing visible symptoms of in-

fectious trachitis, the virus was found in either the secretions or excre-

tions of 62, or 75.61 per cent. Two of these birds developed into healthy

carriers, in which the virus in the tracheal exudate remained viable for

two and four weeks after all visible symptoms of the disease had dis-

appeared.

Does Chickenpox Vaccination Protect Against Infectious Trachitis?

.^ome of the liirds mentioiu'd in ]ut'cecling experiments were reported

to have been vaccinated against cliickenpox. As far as could be deter-

mined with these birds, chickenpox vaccination did not increase the resist-

ance of the birds against infectious trachitis or influence the course oT

the disease. Since the chickenpox vaccinations were done outside of the

laboratory, and nothing was known about the thoroughness of the work or

the effect of the vaccine upon the birds, the results were unsatisfactory.

In order to get more reliable data on the effect of chickenpox vaccfna-

iion against infectious trachitis, nine fowls, four pullets, four cockerels,

and four chickens were secured from unvaccinated flocks. These blrBs

were vaccinated \\ith a vaccine which had been tested previously and
found effective against chickenpox. Every one of the 21 birds showecl

lesions of chickenpox within 14 days and failed to react to a second

chickenpox vaccination with a different strain of vaccine.

The nine fowls were treated with Granby virus which possessed marked
virulence, and two were killed.

The cockerels, pullets, and two of the chickens, V 2397 and V 2410,

were inoculated with California virus. One cockerel, two pullets, and both

of the chickens died as a result of the inoculations.

Chickens V 2398 and V 2399, after recovering from chickenpox. were

tested with the first New Jersey virus and both died.

All the other birds had severe attacks of infectious trachitis. but re-

covered after the disease had run a natural course.

There was nothing in these experiments to indicate that chickenpox

vaccination protected fowls, cockerels, pullets or chickens from infectious

trachitis; as a matter of fact, it tended to predispose to infectious trachitis

by lowering the vitality of the birds. Apparently chickenpox and in-

fectious trachitis are two different diseases symptomatically, pathologi-

cally and immunologically. Possibly they are different bacteriologicalTy,

since the virus of infectious trachitis did not pass the pores of the Berlie-

feld N filter as readily as the chickenpox virus.
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Summary

1. The iiMiiie infectious tracliitis is suji-^ested for tiie disease sonietinie?;

called infectious bronchitis, tracheolaryngitis, chicken flu. and Canada flu,

because it is short, easily jironounced, and descriptive of the symptoms

and chief lesions.

2. Tiie prevalence of infectious trachitis in Ma.ssachusetts previou.s to

1920 and 1921 is uncertain. However, it i.s known that the disease has

progressively existed in the State since 1921.

3. The clinical symptoms of infectious trachitis, as noted in tiiis study,

were pale face, ruffled appearance of the feathers, lacrimation of the eyes,

elevation of temperature, lack of apjietite sometimes accomjjanied by

emesis, cyanotic coloration of the comb and wattles, dyspnea, weakness,

the formation of pseudomembranc in the visible ])arts of the respiratory

tract, swelling of the infraorbital sinuses, death due to suffocation, toxe-

mia, or general debility.

1-. Gross lesions of infectious trachitis were especially prominent in

fowls and absent in young chickens dead of tlie disease. The most common
lesions of infectious trachitis revealed by this investigation were descjuama-

tive epithelial inflammation of the trachea, the formation of pseudomem-

b.rane in the respiratory tract, congestion and sometimes fatty degeneration

ol the liver, inflammation of the spleen and liemorrhages of the kidney.

Congestion and consolidation of the lungs occurred in a few cases.

.5. The histopathology of infectious tracliitis varied consitlerably in

individual birds. The following lesions were usually found in this study:

hyperemia of the trachea, larynx and alidominal organs, des(]uamative

inflammation of the ciliated epithelial iayer> of the tracliea and larynx:

fil)rino-purident infiltration of the mucosa of the trachea; hemorrhagic

infiltration into the aheolar sjiaces of the lungs, tubular spaces of the

kidneys, and the mucosa and sidimucosa of tlie tracliea; inflammation and

sometimes fatty degeneration of the liver. Inflammation of the sjileen was

observed in some cases.

(). Viruses from acute field cases of infectious trachitis were success-

fully jirojiagated under laboratory conditions. \'iruses from chronic field

cases of infectious trachitis lost their jiotency when transmitted in series

under laboratory conditions.

7. N'iruses from the acute field cases of infectious Iraciiitis studied

i:i this investigation were filtrable. These viruses consistently passed the

pores of Berkefeld V and Seitz fdters in sutticient (piantities to success-

fully inoculate fowls, ])ullets, cockerels, and chickens. Some of the viruse-;

were partially retained by the Berkefeld N filters, used in these exjieri-

ments, so that susceptible birds were not always successfully inoculated

with the filtrates. These viruses were not demonstrated in the filtrates

pa.ssing through Berkefeld M' filters.

fS. F'owls, pullets, cockerels, arul chickens were not successfully inocu-

lated by the subcutaneous method.

9. Six chickens inoculated intravenously with the virus of infectious

trachitis failed to develoj) the disease, while the controls inoculated intra-

tracheallv with the same virus died.
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10. Coniparative studies of infectious tracliitis from Massachusetts,

California, and New Jersey sliowed iniiminological differences between

acute and chronic cases.

11. Tiie virus of tlie second California strain of infectious tracliitii

was deiTU)iistrated in the macerated tissues of tiie liver, si)lecn, trachea

jMid kidney of ciiickens dead of the disease.

12. Two healthy carriers of infectious trachitis were found, in \\hich

tl.c virus remained viable in the tracheal exudate for two and four weeks,

respectively, after all visible symptoms of the disease had disappeared.

13. The virus of infectious trachitis was deiminstrated in tlie cloacal

contents of three of tlie birds infected with the first California virus and

four of the cockerels and ])ullets suffering from an infecti(m with the first

New Jersey strain.

IL Chickenpox vaccination did not protect domestic fowls afjainst

infectious trachitis.
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Much of the disappointment and financial loss caused by planting mis-

nemed trees could be avoided if varieties were known as young trees in

the nursery, or even if misnamed trees were detected soon after planting

in the orchard. Varieties of apples can be recognized by tree and leaf

characters as easily and surely as by the characters of the fruit. This

bulletin discusses and illustrates some of these characters.
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THE IDENTIFICATION OF APPLE VARIETIES

FROM NON-BEARING TREES

By J. K. Shaw, Research Professor, and A. P. French, Assistant

Professor of Pomology

Introduction

In a former bulletin by the senior author (l.S) leaf charaeter.s of apple

varieties were discussed, and a future i)ul)lication dealing with tree char-

acters was promised. This paper is presented in fidfillment of that

promise and, inasmuch as Bulletin 208 is out of print and is still fre-

quently asked for, includes also some of the information .siven in the

earlier publication.

No one can learn to know varieties from the printed page even

when supplemented with an abundance of good illustrations; the trees

must be studied as they stand in the nursery or orchard. One may first

study a single variety, the identity of which is surely known, tintil its

distinguishing characters are learned, then observe how a second variety

di Iters from the first and what distinguishes it from other varieties, and

.so on with a third and additional varieties. Practically all apple varieties

can be distinguished one from another by leaf and tree characters by the

well-trained observer. An exception obtains in the case of red-fruited

bud sports, several of which are now being propagated in nurseries. The

-ivriters have compared a number of these with the varieties from which

tliev sprung, and the only possil)le distinguishing character observed is

a slightly darker color of foliage and bark. It is doubtful if this is

marked enough to definitely separate the sjiort from its parent in a

mixture. It has not been possible to find means of distinguishing be-

tween Ben Davis, Gano, and Black Ben, which may give support to the

suggestion that these two varieties may be bud sports of Ben Davis.

While it lies outside the scope of this paper, it may be said that pear

and plum varieties may be identified nearly or quite as readily as apples;

clierry varieties may be somewhat more difficult than apples; but some

])each varieties which are quite different in fruit resemble each other in

tree characters so closely as to make it difficult if not impossible to tell

one from another before they come into bearing. Yet most varieties

can be distinguished beyond reasonable doubt, and most Tuixtures in

nursery rows can be detected and the misnamed trees eliminated from

Ihe row.

Review of Literature

Wiiile tills bulletin discus.ses only api)lc varieties, a review of the more

important publications dealing with varietal characters of non-hearing trees

of various cultivated fruits seems worth while. These vegetative char-

acters have received far less attention than fruit characters. Some of

the early pomologists included brief notes on plant characters along with
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their fuller descriptions of the fruits; hut not until cjuite recently has any
serious attempt been made to distinguish varieties in the absence of the
fruit itself.

As early as 1877 Beal (2 and 3) described the flower characters of
some 88 varieties of apples and found the petals and styles of prime
importance. The same author (4) later made a study of the distinguish-
ing characters of pear flowers but found tlieni less distinct and less easily
classified than apples. More recently Buiiy.ird («) used the characters
of the flowers as a means of identifying apple varieties; while Blake (-5)

Uiade a similar study with peach flowers, using such characters as diam-
eter of flower, width of petal, length of pedicel, length and width of sepals.

form of calyx tube, and color of calyx cup.

Several authors have mentioned differences in the seedling root system
of nursery apple trees. Swarbrick and Roberts (21) present cuts of

typical root systems of several varieties to substantiate their statement

that "root character is as typical of a variety as is the top growth," while

Roberts (li) says that the anatomical structure as well as the type of

development of the root is affected by the scion variety. Shaw (17)

reports that the main roots differ in number, size, length, place of origin

and angle formed with the main axis; also that there is a relation between

the form of top and that of the root system.

While the dift'erences in the root system may be of importance after

the tree is dug, the more valuable characters for identification are in the

top of the nursery tree. Thomas (24) was one of the first to give serious

consideration to dift'erences in shoot, bud, and leaf characters. He specific-

ally mentions the "serratures" of the leaf as being "characteristics of

importance". Shaw (15 and 16) expands on this plan, describing the

tree and leaf characters of a number of common apple varieties. The
same author's later publication (18) is devoted entirely to leaf studies,

using such characters as size, shape, and folding of the blade, surface tex-

ture, pubescence, thickness, and serratures.

On the peach Gregory (10) finds the tyjie of gland to be of value; but

in the case of plums, Dorsey and Weiss (8) consider them of little value,

being mostly globose in type and extremely variable in number and posi-

tion in dift'erent leaves of the same variety. Alderman and Shoemaker

(1) have studied the leaf characters of plum varieties in Minnesota and
find that serratures and size and shape of blade are most valuable char-

acters. Upshall (26 and 27), in his study of nursery trees other than

apple, attempts a classification of plums, based upon i)ubescence of shoot,

color of tip leaves, and position of glands; one of jieaches using gland

tji)e, amount of yellow pigment in the leaves, crinkling of leaves, and time

of leaf fall. He groups pears according to shoot color, and sweet cherries

according to the presence or absence of pubescence on the petiole of

young leaves. His findings have been augmented by Shoemaker's (1.0 and

20) studies of additional varieties and characters of these same four fruits.

French (9) has measured the differences in vigor of growth of apple

varieties which are evident even in one-year trees, while a detailed studv

of the dormant characters of fruit trees has been made by Bunyard (7).

He considers the various characters of shoot growth and buds, and form
of the mature tree, placing particular stress upon the differences in Hard-

ness of wood in the apple; form of wood bud in the pear, plum and cherry;
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pubescence of sluK)t and prominence of hud support in the plum.

Not all the work of. this nature has been confined to tree fruits. Grubb

(11) has studied tin- characteristics of the new canes and fruiting canes

of raspberry varieties in England; while Winter (28 and 29) presents a

kej to the varieties grown in Minnesota based upon presence and posi-

tion of glands, form of leaflets, and form, quantity, and color of bristles.

Ir! the case of currants, Thayer (;22) has formulated a key using foliage

characters, while in his later publication (23) flower, fruit, and foliage

characters are used to separate varieties of red and white currants into

several fairly distinct groups. Maynard (12) has attempted a classifica-

tion of strawberry varieties using position of hairs on the petiole, color of

.stipules, color of foliage, surface of leaflet, curvature of the lamina and

leaflet, and other plant, flower, and fruit characters.

Tree Characters

The varietal characters of growth, bark, bud, and wood are of great

value in recognizing varieties from the non-bearing trees. One depends

on them in about the same degree as on the leaves. When the trees are

dormant they are, of course, the only characters available. M'iule they

arc then more distinct than in actively growing trees, yet identification is

less positive with dormant trees than with those having leaves.

Size and Vigor

The size of an individual tree dejiends mostly on age and on soil and

other environmental conditions; yet there are size difl'erences that are of

great value in recognizing varieties. Williams is likely to be smaller than

most other varieties. Arkansas and Fall Pippin under mo.st conditions

niake large trees. Often a stray tree or grouji of trees in the nursery

row is betrayed by a size ditference. In the rather common mixture of

Staynian and Winesap, the larger Stayman trees often show up in a

striking manner. Too much stress should not be placed on size of "tree,

however, for trees all of one variety often contain individuals varying in

size so as to suggest a mixture.

Form or Shape of Top

Trees that are two years old or older show differences in the form of the

to]i that are characteristic of the variety. Form de))eiuls largely on the angle

formed by the nuiin branches and the trunk or axis of the tree and on the

amount of curvature of these main branches. If the branches show little or

no curvature, the top is said to be diverymii. Depending on the branch angle,

the form may be said to be varroidy divenjituj as in Sutton, moderately di-

vertiiiKj as in Northern Spy, or broadh/ diverging as in Staynian. In a similar

way those varieties having distinctly curved main branches are said to be

iKirro'idii upruri'ind (Wagener), modcrafeli/ upcurvin<j (Red Astrachan), or

hrotidhi Ufirurvi)i(i (Gravenstein).
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Souie varieties show these forms very distinctly, but many do not fall clearly

in any one class and are said to be more or less irregular, as Baldwin and
Mcintosh. Most varieties are intermediate and require qualifying terms to

convey with any accuracy an idea of the form of the top.

As one looks down the rows of two-year trees of different varieties in the

nursery, the form of the top shows up very distinctly. The narrowly upcurv-

ing trees of Wagener make narrow rows with a wide space between, while the

broad-topped varieties have little space between the rows. A group of trees

growing from the buds of a single bud stick is often betrayed to the observer

by their different form of top.

Bark Color

The color of the bark in young trees is of great importance in identifying

varieties. The tips of growing shoots are always some shade of green and all

varieties are nmch alike. With the maturing of this wood later in the season

characteristic colors appear. This color may change the next year; therefore

one should pay attention to the bark color of the one-year shoots below the

growing tips and also of the older bark. Bark color is generally some blend

of green, yelloic, and red. Innumerable shades and blends of these three

colors appear, and in few cases are two varieties exactly alike in bark color.

It is impossible to convey in words a picture of the color of any variety. It

can be expressed only roughly, but one should always note bark color and

compare different varieties very carefully.

Some varieties have irregularly distributed over the surface shreds and

patches of a silvery grayish bark called the Scarf-Skin. This is often seen on

Stayman and is helpful in distinguishing it from other varieties of the Wine-

sap group. Stark shows distinctly a considerable amount of Scarf-Skin.

Bark color in dormant trees is always darker than in growing trees. It is

more constant and becomes of great value in identifying varieties in the

dormant condition.

Shoot Characters

There are certain peculiarities of the shoots or twigs (growths of the cur-

rent growing season) that are of help in recognizing varieties. Mention has

been made of the varying degrees of curvature that determine in part the

form of the top. Some varieties, as Stayman and Rhode Island Greening,

have stout shoots while those of Yellow Transparent and Jonathan are

slender. In some varieties many of the buds start into shoot growth giving a

dense top. Examples are Yellow Transparent and Grimes. Others make a

more open top. In Northern Spy and Rome many buds fail to grow at all,

leaving bare spaces on tiie two-year wood. However, in these two varieties

most of the buds that do start grow into shoots instead of spurs, giving a

rather dense top. In Tompkins King most of the buds grow into short spurs

while only a few develop into long stout shoots. These characteristics of shoot

growth are more evident in young orchard trees than in nur.sery trees.

There are other shoot characters that are useful. Some varieties make a

zigzag growth, while others are straight. In the former the direction of the

successive internodes (space between the buds or "eyes") is not in a straight

line, while in tiie latter the siioots are straight from node to node though they

may be more or less curved.
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Leaf Buds

In tlie angle of every leaf is a bud which may develop into a branch shoot

or fail to grow much, but develop a rosette of leaves. Often it fails to start

and eventually falls off. The appearance of the buds is often characteristic

of varieties, and in seeking for means of recognizing varieties the buds should

not be overlooked. Buds of Wagener are distinct from all other common
varieties, being large, broad, and quite woolly, and closely appressed to the

shoot. Buds of other varieties are of varying shapes, more or less pointed

and lying more or less close to the shoot. The slight elevation of the bark

on which the bud grows often has characteristics peculiar to the variety.

Wood Hardness

There are considerable varietal differences in the hardness of wood. In

general those varieties that are hardy to winter cold have harder wood than

the tender varieties. Oldenburg and Yellow Transparent are examples of the

former class, while Tompkins King and Stayman have softer wood. Wood
hardness is best determined by cutting with a knife or shears but this is often

impractical so this character is of minor value in ordinary identification work.

Lenticels or Dots

Scattered over the surface of the bark of both shoots and older wood are

small corky dots known to botanists as lenticels. They are the breathing

pores of the shoot. They vary in number, size, shape and color in different

varieties. Within the variety there is some variation, but they are of great

value in identification. Because they are often relatively inconspicuous they

may escape the notice of many nurserymen. Winesap has few dots while

Mcintosh has many. Northern Spy has many dots and one may identify the

variety by this peculiarity. In Stayman they are brownish in color, while in

Arkansas (Mammoth Black Twig) they are whitish. Most dots are roundish

in shape, but among tliose on Wealthy one \yU\ find a few that are elongated.

This applies only to the dots on one-year-old shoots. On older wood the en-

larging diameter of the shoots stretches the dots so tliat they become much

broader and the elongated ones no longer appear.

In some varieties such as Winesap and Opalescent the dots are even with

the surface of the bark, while in Mcintosh and Wealthy they project slightly

so that they may be felt on rubbing the thumb or finger over the surface of

the shoot. This seeems a very minor character on which to base the identifica-

tion of varieties but it is of distinct value in some cases.

Leaf Characters

In order to talk understandingly about the leaves, the different parts must

have names. These are shown in Fig. 1, which is largely self-explanatory.

The leaf is first divided into three parts: stipules, petiole and blade. About

one-third of the blade next to the petiole is called the base, and similarly

about one-third of the other end, the ape&; beyond this is the narrow point
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called the tip. The midrib is a continuation of the petiole to the tip of the

leaf. The saw-like notches along the edge of the leaf are called serratures or

.serrations and are of the greatest importance, being rarely exactly alike in

two varieties.

T.p

Serrations

Blode

Principal

Veins

Petiole

ex

M»drib

Qse

Fig. 1.—Diagram of Apple Leaf, Showing Parts.
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Wliich are the Characteristic Leaves

The leaves on any tree can be divided into two groups: (1) the "single"

leaves coming out on the current season's growth, and (2) the "rosette" leaves

coining out of buds formed the previous season, i. e., on wood of last year's

growth. The latter should be discarded, and study and attention centered on

the single leaves on the current season's growth. Leaves that have been in-

jured in any way, as by lice or other insects or by many scab spots or other

diseases, are of little value for identification purposes. Leaves on weak shoots

or in the interior of the tree should be avoided. Study the well-developed

•minjured leaves usunUij ftmnd along the middle of the season's growth.

Leaves on trees that are poorly nourished are often undersized and yellowish.

Such leaves are not typical and should be observed with caution.

Inasmuch as leaves of the current season's growth are necessary, little prog-

ress can be made in leaf study until considerable growth has been made.

Leaves on trees or shoots making excessive growth are apt to be distorted and

are not typical. The most favorable period for observing the leaves is from

July 1 until October 1. To one familiar with leaf characters this period may
be extended somewhat.

To the beginner in leaf study the leaves of all varieties will look alike.

rio.se and repeated observation will reveal differences that are peculiar to

different varieties. The purpose here is to discuss the various parts of the

leaf and how they dift'er in dift'erent varieties.

The Petiole

The petiole or stem of the leaf is sometimes characteristic of the variety,

though it is of minor importance. Wealthy has a rather long, slender petiole,

while that of Mcintosh is usually siiort and stout. The angle which the petiole

forms with the shoot on which it grows is often helpful in recognizing vari-

eties. In the Northern Spy the angle is sharp, that is, the leaf is said to be

upright; while in the Rhode Island Greening it is broad or spreading. This

character is correlated with the form of the top. The Northern Spy has an

upright head, while the Rhode Island Greening is distinctly spreading. This

character of the head or form of the tree is quite well known to fruit growers

and is further discussed eLsewhere; but few are aware that in an unknown

variety the form of the top can be foretold with considerable accuracy from

the leaf angles on a one-year whip.

The Blade

Size.—The leaf blade furnishes the most dejiendable characters for variety

identification. Consider first the size of the blade. This, of course, varies con-

iSiderably with the vigor of the tree. Trees in a sod orchard making little

growth will have much smaller leaves than will the same variety growing

under cultivation and making a vigorous growth. Leaves well exposed to tl>e

sun will often be smaller than those growing in shade. AVMth these reserva-

tions in mind, it may be said that the Jonathan (Fig. 29) has a small leaf,

while Rhode Island Greening (Fig. 18) has large leaves; Wealthy (Fig. 21)

is a little smaller than Baldwin (Fig. 4); and Mcintosh (Fig. 2) a little larg-

er than Wolf River (Fig. 3).
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Outline.—The outline oi tlie leaf iiiuy vary in different varieties in two

ways: in relative length and width, and in the width of the base and apex.

Winter Banana (Fig. 12) is relatively long and narrow, while Baldwin (Fig.

4) is relatively short and broad. An example of the second type is found in

comparing Wolf River (Fig. 3), which is narrow at the base and apex, wftli

Mcintosh (Fig. 2), which is broad at the base and apex. This difference is

especially valuable in distinguishing between Oldenburg (Fig. 20) and

Wealthy (Fig. 21), the former being much broader at the base and apex than

the latter.

Tip.—The narrow tij) called the jioint is of some value, being larger and

more slender in some varieties, usually those- with a narrow apex, than in

others.

FoldiiKi.—Various tyi)es of bending and folding appear in the leaf blade.

The blade may be flat as in Gravenstein (Fig. 6) and Wealth}' (Fig. 21), or

it may be folded to a greater or less degree as in Baldwin (Fig. 4) or Grimes

(Fig. 17). The latter two varieties exhibit different types of folding, being

broad and saucer-shaped in the Baldwin, and nnicli narrower and more pro-

nounced in the Grimes. Leaves of a given variety may show this character

in varying degree according to condition: the folding is more pronounced in

periods of dry, sunny weather than it is during cloudy or rainy periods.

Jonathan, as shown in Fig. 29, shows only moderate folding, but at times it

may show very pronounced folding,—sometimes more than any variety il-

lustrated here. Nevertheless, it is a most valuable character in the identifica-

tion of varieties. Tlie peculiar saucer-shaped folding of the Baldwin is al-

ways seen in greater or less degree in a considerable proportion of tlie single

leaves on the tree, and with one or two other jieculiarities will ser\e to dis-

tinguish this variety.

Next there is the bending or waving of the leaf edge. Flat leaves do not

often show this, although it appears quite noticeably in Oldenburg and

Wealthy, neither of which is folded very much. Some folded leaves are very

distinctly waved, as Grimes (Fig. 17) and Yellow Transparent (Fig. 28);

while others show it little or not at all, as Baldwin (Fig. 4) and "Winter

Banana (Fig. 12).

A third type of bending or folding of the leaf blade is seen in tlie liending

backward or reflexion of the midril). Pronounced reflexion of the midrib is

not common in flat leaves, but is the usual thing in stronglj' folded leaves if

the folding is of the narrow type. Thus Baldwin (Fig. 4.) and Gravenstein

(Fig. 6) are not reflexed, while Grimes (Fig. 17) and Rome Beauty (Fig. 16)

are strongly reflexed.

Serrations—Probably the most dependable leaf character for identifying

varieties is the nature of the serrations along the edge of the leaf. They are

sharp in Rhode Island Greening (Fig. 18) and dull in Wolf River (Fig. 3)

and Wealthy (Fig. 21). Other varieties are intermediate between these ex-

tremes, but every variety is peculiar to itself and different from other vari-

eties. In Rhode Island Greening the serrations are distinct or well separated,

while in Gravenstein (Fig. 6) and Baldwin (Fig. 4) they are set close to-

gether or indistinct. They vary in depth also; and in some varieties they are

straight, as in Rhode Island Greening, while in Baldwin they are often slight-

ly curved or sickle-shaped. The last peculiarity, together with saucer-shaped

folding referred to above, serves to distinguish Baldwin from all other com-

mon varieties known to the writer. If one leaf is laid upon another so that



6() MASS. KXI'KIil.MKN'l' SIAIIOX lUT.I.l-yriX 271-

tlie scrrjitioiis of Ijotli cjin he seen and earefully compared, the ohserver with

some experience can \ery often tell tpiite ])nsitively whether the leaves repre-

sent one variety or t\\( \arieties.

Texture—The \eins of tlie leaf di\ide and siihdivide until they form a net-

work all over the surface of the leaf. This network is coarser in some vari-

eties than in others. There are other peculiarities in the veining hard to

describe in words, but evident and distinct in the leaves. These peculiarities

taken toaether are spoken of as texture. The texture of Rhode Island Green-

inir (Fig'- 18) is very ditl'erent from that of Mcintosh (Fig. 2). Comparisons

of other varieties will show differences in texture difficult to picture in words,

but of much value in recognizing varieties.

Pubescence—All varieties have more or less growth of short hairs over the

under surface. Those having an abundant growth of these hairs are said to

be pubescent or "woolly." This is not shown very clearly in the figures, but

may be seen by obser\ing the leaves themselves. Ben Davis and Jonathan

are examples of "woolly" leaves, while Rhode Island Greening shows very

little of this growth. This hairy growth is sparse on Baldwin and more

abundant on Hubbardston and Mcintosh.

Surface—In some varieties, as Grimes (Fig. 17), the surface of the leaves

is smooth and shining, while at the other extreme are some varieties such as

Wealthy (Fig. 21) that appear rough and dull. The peculiarities in surface,

like so nianj' other characters, are hard to describe but are very distinct and

significant to one familiar with varieties.

Thickness—Varieties differ also in the thickness of the leaves. ^Iclntosh

and "Wealthy have relatively thick, stiff, rigid leaves, while those of Rhode

Island Greening, Grimes, and Fall Pippin seem thinner and less rigid to the

touch. Oldenburg leaves are thick and crisp, while those of Yellow Transpar-

ent are soft and flexible.

Color—All apple leaves are, of course, some shade of green in color. The

color depends a good deal on the vigor of the trees, being deeper in vigorous

trees, and a paler, more yellowish green in trees making little growth. There

are distinct varietal differences in color. In Rhode Island Greening and in

all green-fruited varieties the color is a rich, clear green. This is not true of

yellow varieties such as Sweet Bough and Yellow Transparent, which have

leaves of a yellowish-green cast. In varieties that have much red in the color

of the fruit, as Mcintosh, the leaves are a deeper green, sometimes with a

slight bluish or purpli.sh cast. These differences in leaf color are not pro-

nounced, and as stated above vary with the condition of the trees, but they

are very helpful in recognizing varieties. An abundance of pubescences gives

a grayish cast to leaf color.

There are many other ciiaracteristics of both tree and leaves that are useful

in identifying varieties, l)ut those mentioned are the most important and most

often relied upon. Others will be found by the careful observer in studjing

trees of different known varieties. AVhen one has come to know thoroughly

the peculiarities of a variety, he will be able to tell whether or not a tree,

the variety name of which is unknown, is like another tree the name of which

is known. AVhen one has their variety characteristics committed to memory

and carries a picture of any variety in his mind, he will be able to recognize

that varietv whenever and wherever it may be met with.
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Fig. 2.

—

Mcintosh. Petlole short (A) ; blade large, flat or sliglitly folded near

edge, broad (B), and heart-sliaped at base (C), deep bluish green; serrations

rather dull and shallow, especially at base (D). Tree large; shcot bark red-

Ci'Ai; lenticels many, distinct. Leaf texture rather corirte.

Fig. 3.—V/OLF RIVER. Petiole long; blade more or less folded, narrow at base

and apex (A) ; serrations coarse and dull, often double (B) ; leaves usually

more folded than shown here. Tree large; shoots upright, spreading, rather

slender, reddish; leaves rather light green.

NOTE: These leaf photographs are reduced to approximately two-thirds of the size

of typical leaves of the variety.
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Fig. 4.—BALDWIN. Petiole short (A); blade large, broad with "saucer-shaped"

folding (B) ; serrations sharp, close set, usually curved (C). Tree taU; shoots

moderately stout, somewhat spreading; lentice'.s lar^e, whitich.

Fig. 5— "FALSE BALDWIN." Petiole medium (A); blade somewhat folded and

waved (B) ; serrations moderately distinct and little curved (C). Resembles

Baldwin. See p. 83.
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Fig. 6.—GRAVENSTEIN. Blade large, flat, rounded or rrther narrow at base (A) ;

serrations moderately sharp and shallow (B). fairly regular. Tree large;

shoots stout, broadly upcurving; bark yellowish; lenticels few; leaves stiff and

leathery.

Fig. 7.—"FALSE GRAVENSTEIN."
tinct (B) ; texture coarse (C).

See p. 83

Leaf very broad (A) ; serrations rather dis-

Kas been frequently mixed with Graveusteiu.
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Fig. 8.—WINESAP. Blade medium or below in size, nearly round (A), or oblong

(B) ; serrations sometimes dull and coarse (C), sometimes sharp (D). An ex-

ceptional variety, often having leaves of two distinct types. Tree rather rmall;

shoots slender, dark reddish.

9. STAYMAN. Serrations rather coarse and irregular (A) ;
pubescence rather

abundant and coarse (B). One of the Winesap group. See p. 85.
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Fig. 10.—ARKANSAS (Mannnotli Black Twig). Apex rather narrow (A), tip dis-

tinct (B) ; serrations sharp and distinct (C). One of the Winesap group. See

p. 84 and 85.

Fig. 11.—DELICIOUS. Blade medium size, apex narrowing to point (A), partly

folded (B) ; serrations moderately sharp, coarse and rather irregular (C).

Tree medium size; bark dark olive; .shoots dark reddish, irregular. Leaves
rather stiff with little pubescence.
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Fig. 12—WINTER BANANA. Blade meduim size, rather long and narrow, folded

(A), midrib bent at base (B) ; serrations rather dull and shallow (C), often

double. Tree tall, moderately spreading: shoots yellowish.

Fig. 13. MAIDEN BLUSH. Apex narrow (A), tip distinct (B) ; serrations rather

fine, shallow and irregular (C). Resembles somewhat the Winter Bauaua.
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Fig. 16.—ROME BEAUTY. Blacle rather narrow (A), imich reflexed (E). serrations

sharp and irregular (C), texture coarse (I). Tree mot'.ium; shoots rather

narrowly upcurving; bark reddish.

Fig. 17.—GRIMES. Blade medium size, folded (A), reflexed (B), and waved (C)
;

serrations sharp, regular and distinct (D). Tree tall; shoots dark reddish;

leaves medium green with little pubescence.
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Fig. 18.—RHODE ISLAND GREENING. Petiole long (A) ; blade large, flat, deep

clear green, vein angle sharp (B) ; serrations very sharp, deep and distinct

(C). Tree large: shoots stout, spreading: midrib sometimes reverse curved;

smooth.

Fig. 19.—NORTHWESTERN GREENING. Petiole short (A); blade reflexed (B),

narrowing to apex (C) ; serrations coarse, dull, and irregular (D). Very dif-

ferent from Rhode Island Greening. Tree rather tall.
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20.—OLDENBURG (Duchess). Petiole long (A); blade above medium to large,

broad at base and apex (B), somewhat folded (C), and waved (D), serrations

moderately sharp and irregular (E). Near the middle of the right half of the

left leaf is seen one of the depressions peculiar to this variety. Shoots stout,

upcurving, dark reddish.

Fig. 21.—WEALTHY. Petiole long (A) ; blade moderately large, flat, with waved

edges (B). narrow at base and apex (C): midrib reflexed or spiral (D) ; ser-

rations rather dull (E). Tree tall; shoots rather slender; lenticels many, oc-

casionally elongated; leaf texture coarse or pebbly.
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Fig. 22.—NORTHERN SPY. Blade large, somewhat folded and waved, upriglit, often

somewhat reflexed; serrations sharp, often curved (A). Tree rather small;

shoots slender, upright, with many distinct lenticels.

rig. 23.—YORK IMPERIAL. Blade broad at base (A), luurowiiig to apex (B). and
reflexed (C) ; serrations dull (D) ; texture coarse (E). Tree ratlier short and
stocky.
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Fig. 24.—EARLY McINTOSH. Blade broad and slightly folded (A), slightly re-

flexed (B) : serrations rather dull and irregular (C). One of the Mcintosh

group. See p. 85.

Fig. 2u. MACOUN. Blade very broad (A), folded near edge (B) : serratious rather

sliarp (C) ; texture very coarse (D). Tree rather stocky. A Mclutosh seed-

ling. See i>. 86.
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Fig. 126.—CORTLANZ^. Blade rather long (A), base not heart shaped (B) ; serrations

shallow, regular, only moderately sharp (C). One of the Mcintosh group.

See p. 85.

Fig. 27.—FAMEUSE. Blade medium and narrow at base (A), slightly folded and
waved (B) ; serrations moderately sharp (C). Tree tall; shoots rather slender,

dark reddish. Leaf texture less rough than Mcintosh.
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Fig. 28.—YELLOW TRANSPARENT. Blade medium size, rather broad at base and

narrow at apex (A), more or less folded (B), more or less waved and often

spiral (C) ; serrations rather dull, shallow and quite regular (D). Tree

medium; bark yellowish; shoots rather upright, slender, reddish. Leaves some-

what yellowish green, pubescent.

Fig. 29. JONATHAN. Blade very small, more or less folded, sometimes reflexed, nar-

row at base and apex (A) : serrations moderately sharp, coarse, and irregular

(B). Tree small, shoots very slender. Leaf texture coarse, pubsecence abund-

ant and coarse.
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The Detection of Mixture in the Nursery Row

It has been the observation of the writers that practically all nurseries

contain occasional mixtures in the row. Many of the varieties are practically

or entirely free from stray trees, but in at least a few, one may find odd

varieties mixed in. In budded stock stray varieties usually occur in groups

of about five to ten representing the buds from a single bud stick, but in

grafted trees strajs are more apt to occur as single trees and so closer

observation is required to find them.

Some nurserymen say they eliminate all these odd trees when the stock is

being put in storage, graded and shipped. No doubt a great many are dis-

covered for many nursery workers become very expert in recognizing vari-

eties as they handle them in storage. Yet some varieties are difficult to dis-

tinguish when the trees are in the dormant condition; and the fact that so

many misnamed trees reach the fruit grower is good evidence that many es-

cape observation at such times.

It is impossible or at least impracticable to prevent stray trees from get-

ting into the nursery rows. Even trees propagated from bearing trees" have

been found to contain mixtures. The only way to eliminate misnamed trees

from the nursery row is to go over the rows carefully when the trees are in

foliage. Where mixtures are known to exist or are strongly suspected, several

examinations at diflFerent times during the summer may be desirable, for

some mixtures are more easily seen at one stage of development, others at a

different stage.

Often the first thing that catches the eye and raises the suspicion of mixed

varieties is a difference in size or form of the top. The odd variety is taller

or shorter, or it is more spreading or more upright. In many cases it is a

dift'erent appearance of the foliage. The leaves of the odd trees may be either

more or less folded, thus showing more or less of the grayish under surface;

or the leaves are larger or smaller or differ in the shade of green; or the

surface may have a different texture.

Such differences as are suggested above are, if at all well marked, compar-

atively easy to detect. Most of the bad mixtures found in practical experience

in the nurseries are not so easy. This is especially true of certain common
and persistent mixtures as those of varieties of the Winesap group. In these

more difficult cases attention should be directed not only to the size and form

of the top and the general appearance of the foliage, but also to the leaf

serrations, the amount of pubescence, and the number and nature of the lenti-

cels. It is also heljiful to compare bark color of the trunks. Color characters

are somewhat uncertain, being much aft'ected by growing conditions and stage

of development or maturity; but a positive dift'erence of bark color among
trees in a single row, especially of a group of trees representing a single bud

stick, is pretty good evidence of a mixture.

Before concluding that an odd-appearing tree is a dift'erent variety, one

should ask himself whether the difference can be accounted for in any other

way. This is esj)ecially true in the case of a single tree in a row of grafts.

This difference may be due to mechanical injury, to insect injury such as lice

or leaf hoppers, or to disease. If these possible causes of the difference can

be excluded, one should next look for intermediates. If the tree in question

is of the same variety as the rest of the row, it should be possible to find
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trees tliat are inleriiiediate in appearance and it will be difficult to say which

variety they are. If, on the otiier hand, one can find no intermediate forms,

it is safe to say that a mixture has been found. Usually otiier trees like the

stray will appear on further examination.

Atmospheric conditions are of some importance in examination of mixtures

in the nursery. The best condition is when the sun is lijrhtly clouded over

and casts no strong shadows. Under such conditions many varietal differ-

ences show u]i best. If the sim is shining it is well to face away from the sim

so that its liaht comes from the rear onto the trees and is reflected back to

the eye.

The Age of the Tree

Nursery trees are classed as one-year and two-year trees. Some so-called

two-year trees are really three years old, having been cut back severely at

two years old and nearly all the one-year growth removed. Such trees grow

a new top during the following summer and can be distinguished from true

two-year-old trees only by rather careful observation. So far as variety

identification goes they may be classed with two-year trees.

Identification of one-year trees must depend solely on leaf and bark char-

acters and the size of the tree. In many cases a group of trees of an odd

variety are shorter or taller than the true variety or they are more slender

or more stocky. Uninjured leaves on these one-year whips are very character-

istic in size, serration, texture and pose. The color of the bark, the lenticels

and often the buds and general characteristics of node and internode are

distinct and characteristic of the variety. A stray tree or more especially a

group from a single bud stick can be seen from a considerable distance. It

is scarcely more difficult to identify varieties from one-year whips than from

older trees.

In two-year trees there are present the additional characters of branch

angle and the entire growth habit of the variety not seen in one-year trees.

Also the shoulder or point of union of the branch and main axis often shows

characteristics peculiar to the variety.

With increasing age of the tree after setting in the orchard, the tree takes

on the form of top characteristic of the variety, while the leaf and bark

characters of nursery trees still persist though to a less striking degree. Red

.\strachan develops a goblet shaped top, while Delicious develops an upright

straggling form. Wagener takes on a very narrow upright form. Jonathan

forms a round head, and Rhode Island Greening grows into a low, broad,

flat-topped tree. The form of the top may be modified in some degree by the

type of pruning followed, but only with very severe and persistent pruning

can the characteristic top of a variety be greatly modified. When the tree

begins to bear heavy crops, it spreads out and the form is naturally changed;

but with bearing, the emphasis changes to the fruit, and tree characters lose

their importance for identification purposes.

Common Nursery Mixtures

There are certain variety mixtures that occur more or less frecpiently and

so seem worthy of special mention. These come to light in orchards and so
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the fruit grower should be interested in means of identifying these mixtures

as early as possible in the life of the tree. It is significant that most of these

mixtures are of varieties that are (jiiite similar in ajipearance when in the

dormant stage. They become established in the nursery, are not detected, and

are frequently passed on to other nurseries in exchange of buds or scions. It

is quite possible to detect them by leaf characters. Here lies the importance

of examining nursery rows for mixtures during the growing season. Follow-

ing are some of these mixtures and the differences by which the stray can be

distinguished from the true variety.

Mcintosh—Wolf River

This mixture has been widespread, and many thousand Wolf River trees

have been sold for Mcintosh. It is now nearly, if not quite, eliminated from

nurseries, but may still persist in a few^ cases. Wolf River leaves are oval

and distinctly folded and refiexed, while most Mcintosh leaves are broad

and flat or slightly folded and persist later in the fall. Wolf River serrations

are coarser and deeper and often tend to be double. The bark is lighter

reddish, and growth more slender. There are other diiferences, but these are

enough to distinguish one from the other. (See Figs. 2 and 3).

Gravenstein—TJnknown Variety

Another widespread mixture formerly found in many nurseries, which may
still persist, is found in Gravenstein. The apples on the strange variety ripen

in the fall and are red-striped, oblate, conic, and ribbed. They become mealy

shortly after ripening and are of inferior quality. The variety is readily dis-

tinguished from Gravenstein by its broad, roundish leaves with deep, rather

sharp serrations. Its identity is imknown. (See Figs. 6 and 7.)

Baldwin
—

'Unknowu Variety

Another mixture which has been found by the writers in a half dozen or

more widely scattered nurseries, is an unknown variety among Baldwins. The

apple is oblate and green, often with a blushed or obscurely splashed cheek.

It is of inferior quality, never ripens properly in this region, and often drops

in early September. The nursery tree closely resembles Baldwin, but is char-

acterized by the folloM-ing differences.

1. The bark is more reddish and the shoots of more slender, spreading

growth.

2. The leaf is more distinctly folded and waved, and the folding is nearer

the midvein. The leaves are more often waved. This is the difference that

is most apt to catch the eye when this mixture is encountered. Often the

leaf is softer, less rigid than Baldwin. In the fall they do not strip so easily.

3. There are more short spurs with folded, waved leaves at the top of the

trimk at the base of the main branches.

4. The leaves at the tips of the upright shoots are more folded and the

surface is duller and less shining and has a slight bluish cast.

5. The foliage often shows scab spots which are very rare in Baldwin.

Not all these differences appear in every case, but taken together they

furnish a safe basis for detecting this mixture. (See Figs. 4 and 5.)
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Duchess— Unkuowu Variety

Tliis mixture lias l)een fount! in a very few cases. The writers iiave not

seen the fruit of the stray variety, but the tree is readily distinguished from

Duchess by the sharper, more distinct serrations of the leaves. The leaf sur-

face is duller with a slight bluish cast. It lacks the depressions in the leaf

(about the size of hail marks on fruit) which are characteristic of Duchess.

(See Fig. 20.) Duchess often shows a distinct rosette of leaves as terminal

growth ceases, and these are not evident in the unknown variety.

Winter Bauana—Maideu Blush

These varieties closely resemble each other and are sometimes found mixed

in nursery rows. Maiden Blush trees are often less tall and of more narrow

upright growth, but the most distinct difference lies in the leaf serrations.

Those on Winter Banana are coarser, duller and often show a distinct tend-

ency to doubleness. Maiden Blush serrations are finer, more regular and

rather sharp. Maiden Blush leaves are generally smaller, and the leaf sur-

face shows a slight bluish cast not seen in Winter Banana. (See Figs. 12

and 13.)

Kambo—Summer Rambo

There seems to be some confusion among nurserymen over these two vari-

eties arising, no doubt, from the similarity of the names. When grown side

by side the two varieties are seen to be quite distinct. Summer Rambo is

comparatively tall, vigorous and spreading, while Rambo is shorter and more

upright in growth; also the lenticels are smaller. The leaf of Summer Rambo
is larger and more coarsely waved, with sharper, more distinct serrations.

The Rambo leaf is narrower, especially toward the apex. (See Figs. H and

15.)

The Winesap Group

The Winesap group of varieties is one of the most clearly defined to be

met with. It may be variously delimited, but here it may be best considered

as including Winesap, Stayman, Arkansas (Mammoth Black Twig), Paragon,

Arkansas Black, and Delicious. Mixtures of two or more of these varieties

are frequently met with in nurseries.

Arkansas (Fig. 10) and Paragon resemble each other very closely. Al-

though sometimes considered identical, they can nevertheless be distinguished

from each other even as non-bearing trees; but Paragon has been studied too

little to warrant a statement of distingui.shing characters. Often the identity

of Paragon met with in nurseries may be doubtful. All the other varieties

may be distinguished with reasonable certainty.

Winesap carries an earmark that separates it from all other varieties. This

is a small roundish leaf with very coarse dull serrations, shown in Fig. 8.

(Fig. 8 was erroneously named Stayman in Bulletin 208.) These leaves

may be few, but one or more will most certainly appear on any tree, even a

small one. The upper surface of the leaves shows a pebbly texture somewhat
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resembling tliat seen in Wealthy. The smaller size and more slender growth

of the tree, its rather dense roundish head, and the few lenticels in the bark

serve also to characterize Winesap.

Staynian (Fig. 9) is a much more vigorous variety M'ith longer, stouter

shoots growing in an open, upright-spreading form. The buds are larger and

more hairy. The pubescence is more abundant and coarser on both leaves and

young shoots.

Arkansas (Mammoth Black Twig, Fig. 10) is similar in form to Stayman
and often confused with it. It differs in that the lenticels are somewhat less

abundant and finer, resembling the others of tliis group rather than the Stay-

man. The leaf is somewhat broader with a more distinct tip and often darker

green and less hairy. The leaf serrations are usually a little sharper and more

distinct.

Arkansas Black is a somewhat smaller, less vigt)rous variety than Arkansas

and of more slender upright growth; the leaf is quite distinctly folded and

somewhat waved, while Arkansas leaves are nearly flat or only slightly folded,

with very little or no waving.

Delicious (Fig. 11) is cjuite distinct from the otiier varieties here included

in the AVinesap group but is sometimes found mixed with them, more likely

with Stayman or Winesap. It is variable in habit of growth but is likely to

be more upright, especially with vigorous trees, and is always of a straggling,

irregular type of growth. The bark is darker in color than Stayman. The
leaves are dark green and have less pubescence than other varieties of this

group. The .serrations are moderately sharp to rather dull, somewhat like the

variations in Winesap but not reaching the extremes seen in that variety.

Anyone desiring to learn to distinguish the varieties of this group should

.study trees known to be true to name and learn to recognize the differences

here given and others of perhaps less signficance. Careful observation is

necessary, but with it these ^arieties may be distinguished with reasonable

certainty.

The Mcintosh Group

The Mcintosh is now one of the most important varieties found in nurseries.

Its excellent qualities have led to its use in breeding work, and as a result

several varieties are appearing in nurseries and orchards, of which Mcintosh

is one parent. Probably others will appear. The question arises whether these

related varieties may be confused with each other and with the Mcintosh.

The writers have studied nearly a dozen Mcintosh seedlings and concluded

that while these varieties do resemble each other and show their relationship

to Mcintosh, there should be little difficulty in identifying them from the non-

bearing trees.

Cortland (Fig. 26) is distinguished from Mcintosh by a relatively longer

leaf it'ith a rounded instead of a heart-shaped basei The foliage shows a

lighter green color, best seen when one looks down a row so as to see the

growing tips. Many Cortland leaves are folded downward instead of upward
as is common in Mcintosh and many other varieties. The old bark of Cort-

land is darker than that of Mcintosh. The lenticels are often somewhat more
abundant.

Early Mcintosh (Fig. 24) shows characters from each of its parents, Mc-
intosh and Yellow Transparent. Compared with Mcintosh, the shoots are
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usually longer and, toward the base of new shoots, less reddish showing some

blending with yellowish. The lenticels are fewer and often some are elongated.

The leaves are more folded and show some waving similar to Yellow Trans-

parent. The serrations are less dull, more irregular, and more distinct.

Macoim (Fig. 25) is a more stocky tree than Mcintosh, with few stout,

rather narrowly upcurving branches. The leaves are broad, even roundish,

and of a notably rough or rugose texture. The serrations are sharper than

those of Mcintosh.

Milton has shoots more slender than Mcintosh and the serrations are much
sharper. The leaves are less folded, and the texture smoother than Mcintosh

and much smoother than Macoun.
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SUMMARY

1. The three Massachusetts farms in this study are referred to as Farms

A, B, and C, and the operators as Mr. A, Mr. B, and Mr. C, resjiectively.

These are actual farms, and the data used in the analysis were secured from

records kept on these farms.

2. Farm A is a one-man unit with 11 cows and 150 bearing apple trees.

The operator has considered various plans for improving his earning power.

After a careful analysis of the possibilities, he now plans to buy a milking

machine and enlarge the dairy herd to 16 cows. He has enough barn room

and can produce enough hay and silage for this number of cows.

3. Farm B is a two-man unit. There are 16 cows and 250 bearing apple

trees. The operator also keeps a small poultry flock and raises young stock

for sale. His long-time farm program will finally result in a much larger

bearing orchard. In the meantime, however, the net farm income must be in-

creased in some other way. A careful analysis of the business finally con-

vinced the operator that the most profitable procedure would be to increase

the dairy herd to 24 cows. To secure enough barn space and roughage feed,

he plans to dispose of all the young stock and depend on purchased replace-

ments. A budget worked out on this basis sliows a substantial increase in net

returns.

4. Farm C is a large three-man unit with 21 cows and 1000 bearing apple

trees. The outstanding achievement on this farm has been the careful plan-

ning of an efficient labor program. Seasonal work is fitted together to avoid

conflicting periods. Individual jobs have been analyzed to develop labor-saving

methods. Only relatively minor adjustments in organization and operation

are planned for the future.



PLANNING THE FARM BUSINESS ON THREE DAIRY-

FRUIT FARMS IN MASSACHUSETTS
By R. L. Mighell, Assistant Research Professor

of Farm Management

This study presents an analysis of the farming systems followed by three

neighboring Massachusetts farmers. All three are dairymen and apple grow-

ers. Although they have many problems in common, the differences in their

farm organizations are numerous. Their fixed resources of land and buildings

are quite different. The orchards differ in size, age and varieties of apples.

The dairy cows vary in number and production. Perhaps most important of

all are the differences in the personal capacity^ and efficiency of the three

operators.

The personal factor is one of the most difficult to analyze. In the case of

these three farmers it is probable that Mr. C, who has the largest farm, has

both more capacity and more efficiency than either Mr. A or Mr. B, the other

two farmers. Mr. A, operating the smallest business, shows the least capacity

but possibly is more efficient than Mr. B. These judgments are based on the

past record of each farmer and may not be an indication of what each is

capable of doing under changed conditions. But in any event, every farmer

must take his personal abilities into account in planning changes in his farm

organization. If he undertakes more than he has capacity for managing, he

may make less money than by operating on a smaller scale. He must also

consider all his fixed resources and not be influenced too much by other farm-

ers, who may be operating under entirely different conditions. A neighbor

with ten acres of silage corn may be able to buy a corn binder, when he, him-

self, can not afford one for four acres. Some dairjmen may profitably fertilize

pasture, while others with more pasture land cannot aft'ord to do so.

Since each of the three farms in this study represents a different type of

business, the analysis is developed separately for each individual case and

comparisons are drawn only for the purpose of showing how the various

changes work out under the diff'erent conditions. Some of the adjustments

discussed are already adopted or under way, while others are proposed.

FARM A—A SMALL DAIRY-FRUIT FARM

Farm A is a small one-man unit with 11 cows and 150 bearing apple trees.

The operator, Mr. A, is a young man who has been farming about ten years.

For the jjast few years he has had difficulty in making enough money from the

farm to meet his family expenses. He is very much interested in working

out clianges or adjustments in his present farming system and methods of

operation which will increase his net income. Before outlining the adjust-

ments which he has considered and is planning to make, the present fanning

svstem will be described.

'The term "capacity',' is used in the economic sense, refei-ring to the size of busi-

ness which the farmer is capable of managing. Efficiency is the ratio between the
value of the farm production and the value of the cost factors used. Both capacity
and efficiency are necessary to secure the highest farm profit.
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The Present Farrriing System

Tables I and 2 show the j)resent farm plan just as it was in 1929. Table 1

shows the acreage and production of each crop and the materials used. Hay
occupies the greater part of the crop acreage. The apple orchard takes up
only 8 acres out of the total of 38 in crops. One acre of potatoes is grown.

Table 1.

—

Acreage and Productiox of Chops and Materials Used

ON Farm A.

Acres Production

Apples, 150 trees 3

Apples, non-bearing 150 5

Hay 26

Oat Hay - 3

New Seeding ', 3'

Potatoes 1

Total Crops 33

Pasture 109

Farmstead 3

Total Farm Area 150

509 bu.

47 tons

3 tons

1'25 bu.

Sdei:

7.5 bu.

37.0 lbs.

10.0 bus

Materials Used

Fertilizer Spray

' Seeded in the oats—mixture 28 lbs. timothy, 4^2 lbs. red clover, 4% lbs. alsike.

^ 34 lbs. lead arsenate, 1 gal. blackleaf 40, 40 lbs. dry lime sulfur, 32 gals, lime

sulfur.

* 50 lbs. lime, 40 lbs. copper sulfate, 4 lbs. Pyrox, 16 lbs. lead arsenate.

Table 2 gives the average number of each kind of livestock on hand during

the year and the amounts of feed used. The silage fed is from the previous

year's crop, as Mr. A decided not to grow silage in 1929. Because of the dry

summer weather in this year, considerable roughage had to be fed to supple-

n^ent the pastures. In ordinary years there would have been a surplus of hay

left over. Commercial dairy grains are fed to the cows and young stock.

Table 2.

—

Pounds of Feed Used by the Following Nujibers of Livestock

ON Far!M a.
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The average production of the cows is 6600 pounds of niillv testing about

3.5 per cent. This is a good average for a young dairy herd made up of grade

Holsteins.

The statement in Table 3 shows the earning capacity of the present organ-

ization based on Mr. A's 1929 records. More than half the cash receipts come

from milk sales. Apples represent about a third of the total. Work off the

farm is the largest of the minor receipts. The total cash receipts are a little

over $3000.

Table 3.

—

Fixancial Returns from Present Organization—Farm A.

Receipts

Wiiole milk 65,.510 Il)s. @ $2.60 $1703

9 calves - 76

Apples, 509 boxes @ $1.70...„ „ „ 865

Potatoes 100 bu. @ $1.50 - 150

Work off the farm _ 168

Wood, and miscellaneous - - 59

Total Receipts $3021

Expenses

Grain „ -....- $844

Labor hired - - 42

Veterinary and medicines 4

Bedding, salt and other livestock expense 22

Ice 17

Seeds 12

Seed potatoes 17

Potato fertilizer, 1 ton 45

Spray materials - 30

Truck registration, fuel and repairs _ 170

Telephone 33

Taxes 103

Ptepairs to buildings and equipment _ 36

Total Expenses ~ 1375

Net Return Above Expenses _ $1646

On the expense side purchased grain accounts for over half the total. Taxes

and truck expense are the largest of the smaller items. The total expense is

$1375, leaving a net return above cash expenses of $1646. The farm land and

Iniiidings together with livestock and equipment are valued at $14,000. If

interest at 5 per cent is computed on this valuation, an interest charge of

$700 is obtained which, deducted from $1646, leaves $946. This may be con-

sidered as the net return to Mr. A, for his labor and management. Of course,

the far;n also furnishes milk, eggs, potatoes, apples and other products, as

well as a home for his family.

This financial return is small when it is considered that only a mininuim of

expense for repairs and upkeep was incurred during the year. No fertilizer
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was applied to tlie orchard or hay land. No allowance has been made for

depreciation on the motor truck and other machinery and no provision has

yet been made for the purchase of new equipment.

Possible Adjustments in the Present Plan

Mr. A has considered various adjustments and ciianges in organization

which might increase his income more than his expenses. Some of his neighbors

have succeeded with chickens. Mr. A j)lans to keej) more poultry as soon as

his two small boys are old enough to care for the flock. At present he does

not care to go to the expense of building a new poultry house. Another

serious difficulty would be the labor conflict in the spring between tiie work
on potatoes and apples, and the young chickens.

He has also thought of growing a larger acreage of potatoes as a supple-

mentary cash crop. If he were to do this, however, it would be necessary to

buy a potato planter and digger and hire extra help both at planting time

and at harvest. At present he borrows machinery from a neighbor and does

tlie work on the one acre of potatoes alone. The potato harvest would also

conflict with apple harvest. He estimates that potatoes would add very little

to his net income.

Another possible change would be to increase the number of cows and hire

a man throughout the year to do the extra work. Mr. A has barn room for

about five more cows, and can raise enough more roughage to feed this num-

ber and the extra young stock needed for replacements. A few years ago

he tried making this adjustment. The following statement summarizes about

what happened.

Table 4.

—

Extra Receipts and Expenses with Five More Cows and

A Hired Man—Farm A.

Extra milk, 5 cows, 33,000 lbs. @ $2.60 „ $858

Ext ra calves sold 24

Extra work off the farm - 50

Total Extra Receipts $932

Extra purchased feed $325

Extra hired labor 600

Total Extra Expenses 925

Net Return Above Extra Expenses $ 7

In tliis statement the average production j)er cow and tlie price of milk

are adjusted to the same production and price as in the present organization.

The difference between extra receipts and expenses is very small. After try-

ing it out, Mr. A preferred to change to his present organization and avoid

the nuisance of having the extra man around when there was not enough

work for him. Had it been possible to add still more cows, it would have

been jirofitable, but this could not have been done without more barn room

and provision for more roughage than the farm was capable of producing.
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Proposed Reorganization Plan—More Cows and a Milking Machine

A careful analysis (if ail asjiects of tiie Inisinoss finally resulted in the sug-

jiestion that .Mr. A is now eontenijjlating. He j)lans to buy a milking machine

and make sucii other change^ as will enable him to keep at least l(i cows

witiiout hiring additional regular labor. I\v using the milking machine and

planning the barn chores more carefidly, it is estimated that he can easily

do the regular daily work in the same time that he now spends on 11 cows,

milking them !)y hand.

It is further ])lanned that jiotatoes be discontinued and the time and land be

used for silage corn. An estimated yield of 10 tons per acre for 4 acres will

gi\e a production of 40 tons of silage which is about the capacity of the

present silo. By cutting hay several weeks earlier it will be possible to secure

a higher quality of hay. This together with silage should provide sufficient

roughage for most seasons. Since more than the usual amount of roughage

was consumed in 1929, there is normally some surplus with the present system.

Figure 1 shows the distribution of man labor on this farm at present and

Figure 1.—Distribution of Man Labor by Weeks on Farm A for Present and Proposed

Organizations.
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under the proi)o.s:(i system. Notice tiitit the eliief ditt'erences are in June and

Sej)teniber. It will l)e necessary under the new ])]an to hire a man for about

five weeks in Jime for Jiayina- and cultivatinj>-, and jjcrhaps ten days in Sej)-

temher for silo lillinn. At itresent an extra man is hired for part of ,Iuly.

'i'hese are the princii)al changes in the labor needed l)y the new organization.

The financial statement foi- this jiroposed system is shov n in Table -i.

'i'Alil.t: .5. Esil.-MATKI) Fl.NANCIAI. HkTUUNS FliOM PliOI'OSKn OUUANIZATION

Faum a.

Wliole milk 101,()()() ll)s. fc .$2.()() $2()4.i.'

12 cahes 100

Apples 509 boxes C" $1.70 805

^\ork off the farm 170

Total Reeeijits >^;3777

Grain !i<1155

Labor hired 75

Veterinary and medicine 8

liedding, salt, etc 30

lee 25

Seeds 15

Spray material 25

Truck registration, fuel and rejiairs 170

'i'elephone 33

Taxes 110

Repairs to buildings and equipment 30

Milking machine (operating expenses and depreciation) -. 80

Total Jixpenses 1762

Xet Return Al)ove Expenses ~... S2015

X'et Return Over Present Organiy.atioii * 309

Milk recei])ts are estimated on tlic l)asis of sixteen cows at the jjresent

average production of OOOO pounds. (Milk fed and used in tiic house is not

included in sales.) Tiiree extra calves are sold and other receipts are left as

at ])resent.

The expense on purchased grain has been figured for an a\erage of live

heifers, six calves and one Inill. This is .slightly more young stock than at

present in order to allow for replacement of the additional cows. Amounts

of arain fed iiave been estimated at the present rate of feeding per head for

each class of stock. Hired labor expense has l)een increased to $75 to allow

for additional help in haying and at silo filling. A charge of $80 is nuide on

the milking machine to cover operating expense, and interest and dej)recia-

tion on the investment. This charge may vary somewhat, but based on an in-

itial cost of around $300 and operating expenses on some neighl)oring farms

it is probably very liberal. Several of the minor expenses are increased

siiuhtly and potato expenses are, of course, omitted.
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Tlie total expense is tlien .$1762, or nearly $400 more than under the present

plan. Receipts imve increased nearly $800, however, so that tlie net return is

$2015. This makes a net gain of $369 above the return from the present or-

ganization. This may seem a rather small increase, but it must be remem-

bered that it rejiresents a large increase in proportion to the amount of

money that Mr. A now has left after figuring interest on iiis investment. If

liis labor and management return was formerly $946, it is now apjiroximately

$I.'300,- or about 40 ]ier cent larger.

Effect of Price Changes on Financial Returns

In planning farm reorganizations such as Mr. A is contemplating, it is al-

ways necessary to exercise care in estinuxting future prices. In this case he

estimates that milk and grain prices \vill continue at about the same level as

in 1929. If milk prices were likely to decline to approximately .$2.00 per

luiiulred pounds ^\ ith no ])articidar change in ])rices of grain or otiier ex-

j'.L'nsc factors, there would be nuicli less advantage in making the reorganiza-

tion.

Tal:)le 6 sliows the effect of such a change in price. The net farm return

on the present organization would be reduced to $1253 and the net return for

tlie proposed organization to $1405. It would still be profitable to make the

ciiange. Tlie advantage, however, would be only $152 as compared with $369

increase in return wUU Mr. A's present estimate of future prices.

Table 6.

—

Milk Prodl'ctiox. Receipts, axd Net Retltrns fuoji Phesknt axd
Pkoposei) Fauji Ouc.axizations with Milk Prices at Two Different Levels.

Present

Orsaiiization

Milk ]n-oduction, pounds (io,olO

.Milk receipts @ $2.60 per cwt $1,703

Milk receipts @ $2.00 per cwt 1,310

Net farm returns (^' .$2.60 per cwt 1,646

Net farm returns ^ .$2.00 per cwt 1,2.')3

FARM B—A TWO-MAN FARM

The planning and operation of a larger farm often presents certain ])rob-

lems not. found on farnks the size of Farm A. The 16 cows and 250 bearing

ap])le trees on Farm B re])resent an odd-sized business. It is too large for

one man and not large enough for two men. Mr. B and one married son

operate the farm together and are therefore interested in making it a large

enough business for both of them. In order to increase the size, they keep a

small poultry flock of about 250 birds and devote some attention to raising-

young dairy stock for sale. 3Ir. B decided several years ago, however, that

the best long-time plan to follow was to set out some apple trees and plan

on getting a larger net return from increased aj)ple receipts. It will still be

ten or twelve years before he begins to realize nnich from the young trees

- Some allowance should be iiiadf for the increase in investment due to the extra

cows.



98 MASS. EXPERIMENT STATKJN lUTLLETlN 275

w liicli lie tlu'ii set out. In tlic nicantiiue lie i.s anxiou.s to increase liis income

from other sources, if possible.

The Present Farm Plan

Mr. IVs jn-esent farm set-up is sliown in Tables 7 and 8. The fifiures shown

are tlie actual acreages, numbers of stock and amoimts for the year 1929, as

shown by records kept by Mr. R. Tiie hay occupies about two-thirds of the

crop land. Silage corn and the bearing apple orchard take up tiie remainder.

Tiie voung apple trees ai-e ,set with extra wide spacing in the hay land. As

thev are still very small, thev do not reduce the hav yield imicli. In 1929 a

Table 7.

—

Acreage and Productiox of Crops axd Materials Used ox Farm B.
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production of tliree tons per acre was obtained. Mr. B uses comiuercial

fertilizer to obtain this iiigii yield. It will not be possible to maintain this

production of hay because the yields will tend to decline as the trees become

larger.

The amounts of hay and silage consumed during the year as shown in Table

8 are approxunately the same as the production. If more stock were kept

it would be necessary to buy hay, or feed relatively more of some of the con-

centrated feeds.

The earning power of the present organization is shown by the financial

statement in Table 9. This statement is based on the actual business record

for the calendar year 1929, witii one or two slight adjustments to allow for

inventory differences. Some variation from this record may be expected in

other years because of differences in j^roduction and prices. However, Mr.

B estunates that it is about what he can reasonably expect from his present

organization for several years to come.

Taiu.?; 9.—FixANCiAi, Ketukxs fuoji Present Okgaxizatu)n—Fau.^i B.

Receipts
I

Milk 88,113 lbs. @ S2.G0 S2292

4 old cows Oj J^oO.nO 200

4 heifers @ JpHO 440

8 calves @ $7 5(i

Broilers and fowls 293

Eggs 2210 doz. @ $.40 884

Ap})les, 1500 boxes 3022

AA'ork off the farm 104

Total Receipts 87291

E.vpeuses

Hired labor $582

Grain for cattle 1300

Horse grain 147

Poultry feed 553

Veterinary and medicine 23

Other cattle expense 32

Horsesiioeing 14

Baby chicks 122

Seeds - 32

Fertilizer and lime 158

Spray nuvterial G2

Apple boxes 250

Repairs 57

Auto and truck registration, fuel and repairs 257

Electricity 118

Telephone 24

Taxes 192

Total Expenses :. 3923

Net Return Above Expenses $3368
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Receipts from apples and from tlie dairy enterprise are about equally im-

portant if sales of milk and livestock are added together. Poultry receipts,

amounting to nearly ii?12()() are also significant. The total cash receipts are

$7291.

Among tlie expenses, grain for the various classes of livestock is the larg-

est item, amounting to more than half the total. Hired labor is the next

largest. The expense for labor includes the regular help of a boy through
most of the year as ^vell as extra help for peak loads like apple picking and
grading. Other large items are apple boxes, taxes, electricity, and auto and
truck expense. The total expense amounts to $3923. This does not include

outlay for new machinery, new buildings or other capital investments, which

are not considered current expense.

Tlie net return to the farm after deducting the expenses is $3368. No al-

lowance has yet been made for interest on the cajjital investment. The
estimated value of the land, buildings, equijiment and livestock is approxi-

mately $25,000. If interest is figured at 5 per cent on this value, $1250 would
need to be deducted from the farm return of $3368. This would leave $2118

which may be considered to be the return for the labor and management of

Mr. B and his son. They have in addition various products and services which

the farm furnishes without further cost.

Many farmers would consider this a reasonable return. Mr. B and his son

are not satisfied with their present income, however. They have some indebt-

edness in the farm which they wish to pay off and thej' would like to build

another house for the son and remodel the old house for Mr. B. Therefore

thev are verv anxious to increase their income.

Possible Changes in the Farm Plan

Mr. B, as previously stated, has already decided on his long-time program.

His present problem is to determine the most profitable svstem for the next

ten or twelve years. The possibilities that he has considered are milking

more cows, keeping more chickens, raising potatoes as a cash croji, or in-

creasing his etficiency with the present organization.

All of the suggestions have some weak points. If he increases the num-

ber of cows, it will be necessary to provide more barn room and buy addi-

tional roughage. The farm is already producing maxinuun yields of hay and

silage. Building barn room will be expensive.

Keeping more chickens will also mean building another poultry house.

Fiirtiiermore, the outlook for egg prices in his locality is not very good. So

manj- farmers in the immediate locality have increased their poultry flocks,

that a local surplus of eggs has existed for several years. This has tended to

keep local j)rices somewhat below the general level of egg prices.

Raising potatoes as a cash crop would inean initial expense for special

machinery. Mr. B has never had nnich success in securing good yields of

potatoes on his farm in the past. Still more important would be the use of

several acres of crop land which is needed to produce hay.

Mr. B has spent some time in studying his farm operations to see if his

efficiency can be improved enough to dispense with some hired labor. If he

were a younger man, it would not be necessary to hire the extra boy. But at
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Ills present a<ie tlie bt)y, who does about half a man's work, makes tlie work

easier and leaves him more time for planning. Most jobs on the farm are

fairly well j)lanned and efficiently carried out. There seems to be little chance

of improving anything enough to do without the boy.

During the 1929 season, Mr. B built a small apple storage, which has

greatly increased his efficiency in harvesting apples. The apples can be rushed

into the storage just as they come from the trees without sorting, and grad-

ed later on when there is more time. This has greatly increased labor effici-

ency and sa\ed money spent for extra help. Mr. B estimates that there is

a chance for some further imjirovement in later years on these o])erations.

At the best, however, there does not seem to be an opportimity to increase

the farm income \ erv inucii by changes in efficiency.

Suggested Reorganization Plan

After going o\er the xarious suggested changes and discarding them .inc

after another, Mr. 1? liiially reconsidered the possibility of increasing the size

"•I the dairy herd. If he could make room for more cows and provide more

ha_\', he could certainly increase his net income. One way to nud<e more barn

room would be to dispose of the yoimg stock and depend on buying cows for

rej)lacements. This would also release hay and silage which could be fed to

the extra cows.

Mr. B hesitated to disjxise of his yoiuig stock because he had always raised

calves and did not like to break up his breeding ])rogram. Ilis hesitation

disappeared, ho\\e\er, after liguring up his average annual milk jiroduction

per cow for several years back. He discovered that it was only .5()0() pounds

of 3.5 per cent milk. He knew from herd imj)ro\ement association records

that several of his neighl>ors had herds averaging 1()(H) to 1.500 pounds higher.

They have surj)lus stock for sale which he is able to l)u\' at reasonable ))rices.

Mr. B estimates that disposing of the young stock woidd iiermit him to

kee]t 24 milk cows. Figuring on this basis and using the amounts of feed ])er

head and other data from his present organization, Mr. B arrived at the

following budget or estimated financial statement for the proposed organiza-

tion.

TahLK 10. ESTIMATKU FINANCIAL lillTTniXS FROM PliOI'OSEl) OuGANIZATlON

Faum B.

Receipts

Whole milk 1.54,(J19 lbs. @ $2.(;0 .$4-020

6 old cows Or. $50.00 300

20 calves ® $7.00 140

Broilers and fowls 293

Eggs : „...„ 884

Apples, 1500 boxes 3022

Work off the farm 104

Total Receipts - $8763
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Expenses

tlired labor $ 582

Grain for cows WW
6 new cows bouiilii cacli year (S; .$14.0 8K)

Horse grain 147

Poultry grain 553

Standing liay 10 tons 25

^'eterinary and medicine 23

Other cattle expenses 32

Horsesiioeing 11

Baby ciiicks 122

Seeds 32

Fertilizer and lime 158

Spray materials f)2

Apple boxes 250

Rejjairs 57

Auto and truck registration, fnel and repairs 257

Electricity 118

Telephone 24

Taxes 192

Total Exjienses 4932

Net Return Above Expenses $383

1

Net Retnrn t)\er Present Organization .$ 4fi3

He estimates tliat the amonnt of hay and silage released will be nearly

enough to feed the extra cows. To make sure, however, he plans to buy five

acres of standing hay from a neigiihoring farm. He can secure this by con-

tract for a period of Iinc years. It will yield about ten tons of fair hay.

The estimate for pounds of milk sold is based on an average production of

6600 pounds, which Mr. B believes he can get with the purchased cows. This

})roduction will probably be reached by the time lie has replaced about iialf

of tiie i)resent herd, as he will dispose of the lowest })roducers first. Mr. B
estimates that for several years to come he can ])urchase higii-producing.

tubercidin tested cows for .S140 per head, if he replaces six cows every year,

tiie expense will be as indicateil in the statement. Tliis is probably a con-

servative estuiuite.

Receipts and exj)enses that are not affected by the reorganization are left

unchanged. The total receipts under the new plan are .$8763 or an increase

of ai)out $1500 over the j)resent organization. The total expenses are also in-

creased from .$3923 to .$4932 or nearly $1000. The net return to the farm

business, iiowever, is .$463 greater than under the jiresent jWan, which is a

substantial increase.

The amount of work to i)e done will l)e somewhat greater, but the differ-

ence will not be more than can i)e handled easily with the present lielp. It is

estimated tiiat about id j)er cent more time will be sj)ent on the cows, but

two-thirds of this amonnt will be saved from the young stock. Figure 2 shows

the actual distribution of man labor for the year muler the present organiza-

tion ami the estimated distribution for the proposed organization. Notice that

the available labor handles the extra work without difficulty.
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Figure 2.—Distribution of Man Labor by Weeks ou Farm B for Present aud Proposed

Organizations.
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Cliaiifies in expected ])rires of milk, gviiin and cows will directly afi^'ect the

profit from tiie jiroposed organization. If milk prices decline without any

particular change in other factors, there will be less advantage in the pro-

posed change. Suppose that milk prices dropped fifty cents per hundred

pounds. Then the reduction in receijits for the proposed and present organ-

izations would he as follows:

ReduciMl

Receipts

Proposed: 1.54-0 cwt. 0] >^.o<) lower price .$77.'?

Present: 881 cwt. (i ^'.5^l lower j)rice 4-11

Difference ^S'S'A
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Tliere would tlicii Ix- .SJ:W iirt'ntcr reduction iu receipts and that nnich

less advantaae for the new orjianization than under present prices. It might
he an open cpiestion whether it woidd tiien be worth while to make the change.

Changes in prices of grain and of cows would also have significant effects

on the results. Much depends on the accuracy with which estimates of these

factors can be made. Mr. 1? believes that his estimates are sufficiently con-

servative to make the change worth while, and plans to shift over to the new
sy.stem as rai)idly as possible.

FARM C—A LARGE DAIRY-FRUIT FARM

A farm with lOOO bearing apple trees and 21 dairy cows is clearly a much
larger unit than either of the two preceding farms. The problem of efficient

use of labor is of much greater hnportance on such a farm. Labor may be

made more eificient through the use of machinery and equipment, but labor-

saving plans are often more important than machinery. Methods of doing-

work at the time and in the manner that counts for most ha\e been carefully

worked out on Farm C.

The operator of Farm C is ably assisted by two grown sons, one of whom
is married and has his own house on the farm. Mr. C, himself, has reached

the age when many farmers think of retiring, but he retains the controlling

voice in the business affairs of the farm and works about half of the total

time during the year, putting in full time at periods of peak labor such as

apple harvest and less at other seasons. An extra man is hired for about six

months, and additional day labor is taken on during apple harvest and oc-

casionally at other times. The successful management of a farm of this type

recpiires a man of more than ordinary capacity and efliciency. ^Ir. C is for-

tunate in possessing these characteristics to a marked degree.

The Farm Plan

The details of the farm plan are slu)\\ n in Tables 11 and 12. These are the

actual acreages of crops and ninnbers of livestock on this farm in 1929. Notice

that there is a large non-bearing orchard and a considerable acreage of hay

and silage. During the year three acres of hay land were reseeded to alfalfa

and four acres of pasture were seeded with a sweet clo\er and pasture grass

mixture. The ])roduction and the nuiterials used on each crop are indicated

in Table 11.

Ready mixed feeds constitute most of the grain fed to the livestock. The

amounts of hay and silage fed are greater than the amount produced during

the year. This is because of the unusually dry summer of 1929, which greatly

reduced the amount of i)asture feed and made it necessary to feed more

roughage in the barn during the late summer and early fall. Since good in-

ventories of both hay and silage were carried over from the ])revious year,

the emerjrencv was handled without serious trouble.
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Table 11.

—

Acreagk and Puoduction of Choi's and Matimuai.s vmn on Kaioi C.
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Tlie average jji-oductioii i)er cow for tlie year is Too? ])miii(ls of milk. This

production, while not extraordinary, is very good for a commercial dairy of

this size. The cows are pure-bred Holsteins, and the good production is the

result of a long-time breeding ])rogram combined with careful feeding.

The fuiancial returns for this farm are shown in Table II. These are the

actual receipts and ex])enses for 1929. The major receipts Jire about eipially

divided between llie dairy and a])ples. Sales of cattle add considerably to the

dairy receipts. Prices are (piite fa\()rable in this year.

Tai!1.e 14.

—

Financial Uetuuns from Presknt Oiuianization—Farm C.

Receipts

Whole milk 1.50,231 lbs. @ $2.63 S39.51

G cows 1012

2 heifers 225

10 cahes 513

l':ggs, 133 doz. @ $.49 (Jo

Aijples, 2450 boxes (" $1.98 4851

Peaches, 97 boxes @ $1.75 170

Cherries 14

M'ork off the farm 81

F a rm e r s' Exch a n i>e d i \ i den

d

50

Total Receipts $10932

Expenses'

Hired labor $ 930

Grain 2,977

Shavings 29

Registration of cattle 54

Miscellaneous cattle expense 23

Horseshoeing 9

Seeds ~ - 81

Fertilizer 1 82

Limestone 15G

Sprays 167

Apple storage 100

Apple boxes .*. 358

Building and equi})ment re])airs 219

Auto, truck, and tractor registration and repairs 235

Gas, oil, and grease 263

1'ele})hone 53

laght and power 1 74

Taxes 308

Miscellaneous ex])enses 98

Total Expenses 6116

Net Return Abo\e F^xpenses $ 4516

The total farm expenses are $6416. Nearly half of this is exjiense for

purchased grain. F'.xpen.se for apple boxes is the next largest item on this
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^ist, althoiifiii automotive cx})ense,s and gas and oil when added together

amount to more. I'.xjienses for new niaehinery and for jjermanent improve-

ments are not ineluded in this statement as tiiey are eonsidered to be eaj)ital

investments.

Tlie net return of •"^t-'iKf is tiie difl'erenee between tiie total reeeipts and ex-

penses. If an interest allowance of -5 jier cent is made on the estimated

capital investment of .¥;J5,(i()() a deduction of ^1750 would be made, leaving

.^27()(i to l)e divided between ]Mr. C and his sons as a return for their lal)or

and management. In addition, of course, tlie farm furnishes them such items

a.s house rent, fuel, garden produce, milk, and eggs.

Advantages of this Type of Organization

A farm of this t\pe has certain definite advantages as compared with

smaller farms similar to A and B. The two principal advantages are econ-

oiiues resulting from the more complete utilization of machinery and etpiip-

riient and the greater possibility of realizing increased labor efficiency.

The only equipment on Earm C that is not also found on Farm B is a

tractor and a larger ap})le grader. In every other way the two farms are

practically identical in equii)nient. Both have a milking machine, an electric

milk cooler, a motor truck, an aj)ple sprayer, wagons, manure spreader and

other machinery. "\Mtii the much larger volume of business on Farm C tliis

means less equipment investment j>er imit of product. On Farm B the tend-

ency is to continue using some machines after they have depreciated :*) much
as to become relatively inefficient in operation. On Farm C such e(|ui])ment

is replaced nnich sooner. This situation keeps Ijotii machinery and men work-

ing at a higher state oi efficiency.

Tiie tractor and the larger apj)le grader on Farm C are investments which

pay their way in labor saving and quality of work. On Farm B they woidd

prol)abIy add more to the farm expense than to the receipts. Almost every

time the purchase of a new ni;ichine is considered it is easier to make it pay

for itself on Farm C than on B. Of course, this is most true of the larger

types of machinery. In some cases it is possible to secure a smaller machine

of lower caj)acity to fit the needs of the smaller farm.

Planning the Efficient Use of Labor

The outstanding achievement in the oj>eration and management of this farm

has been the careful planning of an efficient labor program followed u]) by

efficiency in actually doing specific jobs. Figure 3 shows the distribution of

man labor by weeks throughout the year on the croj) and livestock enterprises.

Witli the exception of the slack period in August and the high ])eak of a]>]ile

picking in September and October, it is a fairly regidar distribution. F"all

freshening brings the period of least work on cows during the sunuuer w lien

the greatest load of crop work occurs. Notice how the croji and li\estock

work fit together. Although the adjustment is not perfect, the greatest

amount of the livestock labor comes in the winter and the crop work in tiie

summer.

The peak in apple picking is taken care of partly by working longer hours,

but chiefly by hiring extra help. The .slack period in August is used to good
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Figure 3.—Distribution of Man Labor by Weeks on Silage Corn, Hay, Apples and
Livestock on Farm C.
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;i(lv;iritai;(' in workinj:- on hiiilding-.s, fenciiiu-, pasture iniproxciiicnt, and otlic

_j(>l)s whicli have accuinulatcd dnrinsj; the season.

K^hifthuj (.'r(j[) Lahur

B\- plainiiniii- the lal)()r jn-otii-ani in advance it lias been found ))()ssil)!e to

make rather ex:ensi\c shifts in tiie time of doing some crop operations w liich

arc ordinarily considered to he fixed. For example the usual period for mak-

ing hay in this locality conies at about the same time that api)les need thin-

ning. Many farmers neglect thinning in order to j)ut up their liay crop. By
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doing this tiiey suffer considerable linaneial loss on the apples from having

a smaller percentage of A grade fruit.

On this farm the practice has been changed to permit earlier ha\'making.

Some alfalfa is grown and the other mixed hay is simply cut at an earlier

stage of maturity. In late seasons this means a small sacrifice in the yield of

hay but the extra ijuality proiiably more than compensates for this difference.

Figure -i shows the labor distril)ution on tiie two jobs of haying and thinning

before and after the change of practice. Notice how easily the available labor

now handles both oj)erations.

It has also been found jxissiblc to shift tlie date of silo filling to an earlier

time than is customary in the locality. Some apple growers have found it

necessary to greatly reduce or even drop their silage acreage entirely because

Figure 4.—Distribution of Man Labor ou Farm C for Haymaking and Thinning Apples
Before and Alter Shifting the Time of Haymaking.
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of the conflict with apple liai-vcst; Mr. C grows an earlier variety of corn

and is careful to !>et it planted on time. He has no difficulty in securino- good

yields of mature silage corn early enough to avoid the usual labor conflict.

Figure -5 shows the labor distribution at this season before and after ad()])t-

ing the practice. The inij)roveinent is readily seen.

Figure 5.— Distribution of Man Labor Diiring September and October on Farm C
Before and After Shifting the Date of Silo Filling.
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Oradintj, Packiiuj, (iiul ^hn-kethu/ Apples.—Several years ago Mr. C built

a fruit storage large enough to hold the bulk of his apjile croj) and provide

room for a mechanical grader. The actual cash construction cost was not

great since most of the work was done by the regular farm labor during slack

])eriods. This farm storage makes it jiossible to extend the marketing season.

It si)reads the work of grading and packing ajiples over a longer period so

that it can be done by tiie regular labor supjily. The actual harvesting of the

ajjples can be hastened becanse the fruit can be rushed into the .storage house

and left in the picking boxes imtil later when more time is available for

sorting. In the 1929 season the work of grading and jiacking was distributed

all througli the fall and winter months.

Other apple growers without good storage arc com])elled either to hire extra

labor in order to do a good job of grading in a short time, or else to market

the cro]) with less grading and at a lower ])rice.
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Efficiency on Particular Jobs

In addition to planning the seasonal distribution of labor and shifting vari-

ous operations to different times, Mr. C has carefully studied the efficiency

with which particular tasks are performed with a view to reducing both the

time and the fatigue. The following discussion covers some of the more sig-

nificant of his results along this hre.

ReduciiHf Livestock Labor.—By referring to Figure 3 an idea of the rela-

tive amount of the labor required by the livestock may be gained. The great-

er part of this consists of routine daily chores which are much the same

tliroughout the year. Although Mr. C's barn is rather old, with only a fair

arrangement, he has been able to plan a schedule for his chores which permits

ium to care for the cows in about two-thirds the time used by many dairy-

men. He spends approximately 100 hours per cow annually as compared

with a common standard of about 150 hours.

He has built a grain cluite which brings tlie grain from an upstairs grain

room down close to the cows, and a hay chute which makes tlie feeding of

the hay nuich easier. In feeding silage, the silage cart is backed up to the

silo door so that when the silage is thrown out it loads the cart. With the

cart it takes about 24 minutes daily to feed silage twice, while one of the

neighboring dairymen takes about 36 minutes daily in feeding silage to the

same number of head with a bushel basket. When the milk room was built,

it was placed at one end of the barn, as near to the milk cows as possible and

was ])lanned for convenience in handling the milk and washing tlie milk

utensils.

In remodelling the barn a few years ago Mr. C arranged to pipe water to

a water trough inside the horse stable. It takes only about half as long to

care for the horses now as it did formerly when they had to be led outside

the barn or water carried in to them. Now he simply turns the horses loose

inside the stable and while they are drinking puts in the hay and bedding

and cleans out the stable. The whole operation takes only six or seven minutes

each time.

Efficiency in Haymaking and Silo Filling.—The following table tells its own

story concerning Mr. C's efficiency in organizing haying and silo-filling labor.

The only special labor-saving machinery is a power hay hoist at the barn for

use in unloading. Only the ordinary haying tools—mower, dump rake, and

liand forks—were used in the field.

Table 15.

—

Comparison of Hay axd Silo-filling Labor on Farm C and

OTHER Massachusetts Farms.

Other

Farm C ]\Iass. Farms*

Hay
Man hours per acre 13.8 16.7

Man hours per ton 5.3 8.4

Silage

Man hours per acre 13.3 30.5

Man hours per ton 1.2 2.9

* Records in 1924 from 54 Massachusetts farms for hay and 32 farms

for silage, using about the same kind of equipment as on Farm C.
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In silo lillinir, the corn is cut by iiand and liandled loose. The eiRciency

in the amount of labor used both in haying and in silo filling is accomplished

by carefully i)lanning the work to avoid waste efifort and lost motion all along

the line. The use of low rack wagons and a systematic metliod of loading

saves much of the time on both of these crojis.

PackiiKj and Oradincf Apples.—Mr. C grades and packs most of his apples

in standard bushel boxes. Paper wraps are used for part of the crop. His

large mechanical grader not only saves labor but makes it possible to do a

better job than would otherwise be the case. On one occasion in 1929 a crew

of five men graded, wrapped, packed, and boxed 600 boxes of A grade Bald-

wins and 300 boxes of B grade in 135 man hours. This time was spread out

over a week and mixed in with some other work so that full efficiency was not

attained. Probably this machine about doubles the speed of packing for the

same grade of work. Other apple growers may grade just as rapidly by hand

but they do not put up the same quality of pack.

Mr. C has carefully studied the whole process of packing apples, for the

purpose of improving methods. Some of his practices are:

1. The grader is set up for convenience in filling with aj^j^les, and with re-

gard to the natural and artificial lighting.

2. The box stand, which holds the box into which each man packs apples,

is tilted and adjusted for elevation to suit the height and arm length

of each individual. The adjustment is readily changed to tit different

workers. This item is particularly important in reducing fatigue.

3. The process of wrapping each apple has been reduced to a few simple

motions and standardized for each person. This increases packing speed

and reduces fatigue.

4. In nailing box tops, the box is held in a homemade clamp or press,

operated by a foot lever. The press holds the top of the box tightly

in place and the nailer has both hands free. The device is simpler and

more effective than many commercial devices for this purpose.

5. Empty boxes are conveniently placed within reach and the packed boxes

are stacked with reference to loading out.

All of these factors tend both to speed w^ the rate of packing and to re-

duce the fatigue. At the end of the day the men are much less tired than

they would be under the usual working conditions.

Suitnnarif of Labor Efficiency

AVithout going into more detail, the preceding discussion shows something

of the methods followed by Mr. C in j)lanning the seasonal distribution of

labor and in increasing the efficiency with which daily tasks and special jobs

are done. The net result has been the accom})lishment of a larger volume of

business per man than otherwise would have been the case.

Some (if these economies can be realized equally well on a smaller farm,

while otliers which require more investment in machinery are less easily at-

tained. Generally speaking, lalxir efficiency affects farm profits more on the

larger farm bccaiise it can more fretjuently be translated into dollars-and-

cents saving of hired labor.
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Suggested Changes in Organization and Operation of Farm C

Most of the major adjiistinents possible in the long-time organization of

this farm have already been made. There is now more opportunity for im-

provement in certain minor phases of the organization and operation. The

following three problems are probably most significant on this farm at the

jn'esent time:

1. Improvement of hay and pasture land.

2. Use of more equipment in haymaking and silo filling.

o. l.al)or organization at apple-picking tinie.

//«(/ (ind Pasture Jniprovenient

Any method of impro\ement of the hay and pasture land is worth while

which adds more to the net farm income than it takes away through direct

cost or interference with otiier phases of the farm business. This farm al-

ready produces excellent yields of good quality hay. In most seasons there

is sufficient roughage to supply the needs of the livestock. In some years like

1929, however, there is a shortage. Mr. C has demonstrated on a small scale

that he can grow alfalfa successfully without difficulty for a reasonable cash

outlay. Now is the time to expand the acreage of alfalfa. This will give him

a greater production of hay. The higher quality will also make possible

some reduction in the grain ration fed the dairy cows. A further advantage

will be an improvement in labor distribution on hay. The second cutting of

alfalfa will cause a larger proportion of the haymaking to come in late sum-

mer when there is less conflicting demand for labor. The first cutting will

come ahead of apple thinning and work out as well as the present distribution.

There is now plenty of June pasture. There would be no advantage in im-

proving pasture production at this period. If more early feed or midsummer

grass could be obtained without excessive cost it might prove profitable

through saving grain or hay. Early pasture would also heljj to reduce barn

chores during the rush of spring work on apples and silage corn.

Mr. C is also experimenting on a small scale with sweet clover pasture.

The dry weather in 1929 affected his results, but he expects to do better in

ordinary seasons. He is not so certain of the value of fertilizing to secure

early spring pasture, but plans to try it out on a small area to determine

how successful it will be under his conditions.

Use of Machineri/ for Hai/tnnkinr) a7id Silo Filling

The labor of haymaking could be considerably reduced by the use of a hay

loader and side delivery rake. Time records show that three men can load

hay about 50 per cent more rapidly with a hay loader than by hand. They

can also do it with less fatigue. After allowing for the hauling distance, the

size and shajie of fields and other factors, it is estimated that all the hay on

this farm could be put in the barn with about 25 per cent less man labor by

making this change. The initial extra investment would be about $300. If

the saving in time did not warrant this expense, the improvement in quality

of the hay, due to more rapid curing in the field as well as quicker removal to

tiie barn, might make it profitable.
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Silo-filling labor, although very efficient for the methods now in use, could

be reduced still further by using a corn binder. Judging from trials under

actual farm conditions in Connecticut in 1929, it should be possible to reduce

the labor of filling silo to a total of about 90 hours for the 9 acres instead

of 120 hours as at present. Table 16 shows the comparison between silo fill-

ing labor on tliis farm under present conditions and on the two Connecticut

farms.

Table 16.

—

Comparison of Time Used in Filling Silo ox Farm C and
ON Two Connecticut Farms in 1929.

Two Conn.

Farm C Farms*
Man hours per acre 13.33 9.90

Man hours per ton _ 1.25 0.97

* Labor efficiency in producing corn silage.—Economic Dige.st, October

1929, Connecticut Agricultural College, Storrs, Conn.

On the two Connecticut farms corn binders were used and the work was

planned to take advantage of the bundles. These could be loaded and un-

loaded much more quickly and easily than loose corn.

Although the work is now planned to get silo filling completed before api)le

harvest, the additional time saved by the corn binder might be well employed

in preparation for this peak labor load. The actual decision as to the pur-

chase of any of these machines should be based not only upon the value of

alternative uses for the time saved, but also upon whatever value may be

placed on the reduction of fatigue. There is no doubt that the work would

be much less irksome and disasireeable with the machinerv.

Labor Onianization at Apple PickttKj Time

More extra hired labor is taken on at a})ple harvest than at any other time.

This is the liighest peak load of labor in the entire year and lasts about a

month. It would be worth while to study the entire organization of work for

.this period to see if economies cannot be realized. This is especially important

becau.se the orchard is not yet in full bearing and the labor will increase con-

siderably for sonie years to come. Every hour of tune saved at this season

means so much less expense for hired iielj:).

CONCLUSION

General rccomniendatioiis for adjusting certain lines of agricultural jiro-

duction or adopting certain farm practices are sometunes made. Such rec-

ommendations frequently overlook the wide dififerences in farm organization

and in farmers' capacity and efficiency that are always found even in the same

locality. Some farmers may be so situated that they may profitably follow a

plan directly contrary to that wliich is best for others.

As opposed to accepting such blanket recommendations at their face value,

the analvsis of the three farms in this study leads to the conclusion that farm
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readjustments should be planned only after a careful study of the particular

situation. This is the best method for the individual farmer to follow in mak-

ing his own farm plans. It is the way in which many successful farmers plan

their farming systems. New types of machinery, new methods of production,

changes in prices of farm products and other factors are all interpreted in

the light of their own individual farm organizations.

This study presents an analysis of some common types of problems for

which solutions have been found to fit in these particular cases. Exactly the

same adjustments might not fit other farms. They may, however, serve as

valuable suggestions to other farmers in like situations.

A further conclusion to be drawn from this and similar studies is that some

method of budgeting or careful esthnating of future receipts and expenses is

an essential step before making any farm adjustment. Suggested changes

may increase receipts in one direction and at the same time decrease the in-

come from other sources. The only safe way of balancing the various changes

is to make careful estimates of each item affected by the proposed adjust-

ment. Records of farm receipts and expenses, crop yields, livestock produc-

tion, and amounts of materials used in previous years increase the accuracy

with which these estimates can be made.
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INCREASING SOIL ACIDITY AS A MEANS OF

CONTROLLING BLACK ROOT-ROT OF TOBACCO

By William L. Doran, Research Professor of Botany

INTRODUCTION

It has been established by several investigators (5, 24, 13)' and it is now
well known that a soil made less acid, as by the application of lime, becomes
favorable to increased infestation by Thielavia basicola (Berk, and Br.) Zopf
and to black root-rot of tobacco caused by this fungus. Soils with a pH
value of about 5.9 or higher, depending somewhat on soil temperature (l-l),

are therefore unsafe for tobacco, and so they remain until the hydrogen-ion

concentration of the soil is sufficiently increased or until the infestation of

the soil by the fungus, because of this or some other cause, subsides.

Strains of tobacco resistant to black root-rot may, however, be grown in

such soil, and so far as resistant strains, now or later available, are .satis-

factory to growers and to manufacturers, this is the solution of the problem.

It has sometimes been considered necessary, when such strains were lack-

ing, to use infested soil for some other crop than tobacco until the infestation

subsided; but, in the case of a soil otherwise good for tobacco, this is an un-

satisfactory solution, for, according to Johnson and Milton (20), it may re-

quire as many as ten years for Thielavia to die out in the soil even in the

absence of tobacco.

Basic constituents are in the course of years removed from the soil by

leaching and in the crops, but the return of an over-limed soil to a sufficiently

acid condition to permit good growth of tobacco may be a \ery slow process,

as is illustrated subsequently in the present paper.

The primary object of the work here described was to study means of

more quickly lowering the pH value of soil infested with Thielavm basicola

and thereby decreasing the loss caused by black root-rot of tobacco. It is

well known that the pH value of a soil may be lowered by the application of

sulfur or acids, and one of the principal objects was to determine to what

extent this method is effective and practical in protecting tobacco against

black root-rot.

The possibility of using sulfur or an acid for this purpose has already

received some attention. In the experiments of Briggs (9), tlie application

of hydrochloric acid to a soil infested with Thielavia basicola resulted in a

marked reduction in the severity of black root-rot and a small increase in the

growth of tobacco. Chapman (12) found that ai)plications of sulfuric acid

or sulfur resulted in less black root-rot of tobacco and no interference with

growtli of the plants. Routt (27) found sulfuric acid beneficial to tobacco

(in some cases) when applied to soil infested with Thielavia. According to

.Vnderson and Swanback (7), about 500 pounds of sulfur per acre caused an

opthiuim increase in soil acidity, but they did not record the effect of this

treatment on black root-rot or on the yield or (juality of tobacco.

^Reference is made by number to "Literature Cited," p. 138.
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PRELIMINARY EXPERIMENTS

A lirief sunimary of tlie results of some of these jireliiiiiiiary experiments

lias already been published (13).

The soil used, exce})t as otherwise indicated, is an ice-deposited stony

loam, heavil}' infested with ThieJavia hnsirola. To determine the quantity of

each acid necessary to cause the desired lowering- of the pH value of tlie

soil, a known number of cubic centiiueters of a normal acid was applied in

])reliminary experiments to each 100 grams of air-dry soil, together with

enough water to bring the soil up to 60 per cent of its water-holding capacity.

Tiie ])!! values of the soil were determined at various intervals of time

thereafter.-

With Sulfuric and Nitric Acids

Sulfuric and nitric acids were alxiut equally eii'ective in increasing the

hydrogen-ion concentration of this soil and in reducing the intensity of infec-

tion of tobacco by Thielavia; but nitric acid was so toxic to tobacco j)lants

that it was not used in subsequent field experiments.

The growth of tobacco could be correlated with pH value of acidified

soil only as each acid was considered sejiarately. For example, an applica-

tion of nitric acid by which the pH value of the soil was lowered to 5.-5 (from

(i.O) prevented practically all growth of tobacco, while an application of sul-

furic acid by which the pH value of the soil was lowered to 4.6 (from 6.0)

permitted good growth of tobacco. The hydrogen-ion concentration of the

soil is not the only factor involved, and as Carr and Havercamp (11) have

pointed out, the toxicity to plants of an acid applied to soil is possibly at-

tributable to easily soluble salts (as of iron and aluminum) which the acids

form in the soil. Be that as it may, it appears that the oi^timum pH value of

soil for the growth of tobacco (and presumably other plants) is not fixed but

depends partly on the means by which the soil reaction is adjusted.

With Orthophosphoric Acid

A greater increase in growth of tobacco resulted from tiie application of

orthophosphoric acid than from either sulfuric or nitric acid; although or-

thophosi)horic acid had much less eifect in lowering the pH value of the

soil than either of the others, and did not at all reduce the intensity of in-

fection by Thielavia. Whenever orthophosphoric acid was applied to soil in-

fested with this fungus, black root-rot was severe or rather more severe, al-

though the pH value of the soil was thus lowered as much as to 5.0; but

when orthophosphoric acid was applied to soil not limed and not heavily in-

fested with Thielavia, no increase in black root-rot resulted.

In one series of pot experiments, orthophosphoric acid, in the amounts
named in Table 1, was applied to limed soil infested with Thielavia, and to-

bacco plants were grown in soil so treated. The initial pH value of this soil

was 5.9. The application of orthophosphoric acid lowered the pH value of

^ In the preliminary experiments and in the field experiments in 1926 and 1927,
the pH values of the soil were determined colorimetrically by a method previously
described (3). The soil pH values in the field in 1928, 1929, and 1930 were deter-
mined electrometrically.
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Table 2.

—

Efi'ECts of alujiinuji sulfate alone axd with sulfuric acid or

SULFint ox pH values OF SOIL AND ON GROWTH AND BLACK ROOT-ROT

OF TOHACCO IX LIMED SOIL.

pH values of soil

Soil treatment After After After

(Grams per pot) 2 weeks 11 weeks 18 weeks

Ci.crk (5.-2 bj) 5^9

Sulfuric acid 5.9 5.2 5.1 5.2

Sulfur 1.9 5.5 5.3 5.3

Aluminum sulfate 4.4 ^ 5.0 5.0 5.1

Sulfuric acid 5.9 ^

Aluminum sulfate 4.4 ^ 5.3 5.1 5.2

Sulfur 1.9 (

Aluminum sulfate 6.5 1 4.9 4.9 5.3

Sulfuric acid 5.9 (

Aluminum sulfate 6.5 ) 5.2 4.8 4.8

Sulfur 1.9
I

Aluminum sulfate 4.4 5.5 5.5 5.7

Aluminum sulfate 6.5

Dry weights

per plant*

Relative Black

Grams numbers root-rot

2.-.. 41
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desired lowering of \)ll value of the soil and the (juanlity wliieh may he aj)-

plied with safety to jilants, may Aary with the soil and cannot he predicted

with any degree of exactness except hy preliminar\- experiments with the

particular soil.

In one series of these preliminary experiments, the same acid treatments

were ajijilied to two soils. One of these, a water-deposited fine silt loam high

in organic niattei, ivas well butfered and resisted change in its pH value. The

other soil, an ice-deposited stony loam, was not as well buffered and its pH
value was consequently more readily lowered by the same application of an

acid. As has been pointed out by others (28, 21) the effect of an application

of acid on the pH value of soil and on plants and fungi in that soil depends

on the type of soil. Acids in the the same quantities were somewliat more

toxic to plants in the well-buffered soil.

FIELD EXPERIMENTS
Methods and Plan of Work

Tliese experiments (except as otherwise indicated) were carried on in a

field the history and plot treatments of which up to 192.5 have already been

described (.5). Certain plots had received applications of lime to a total of

5 tons per acre, the last of which was applied in 1923. In these limed plots

pH values were high enough to favor Thielavia basicola, black root-rot was

severe, and yields of tobacco were consequently low. Tobacco was grown on

all plots from 1922 to 192.5 inclusive. Soil treatments and crojis of each plot

from 1926 to 1929 inclusive were as recorded in Table 9.

The fertilizers used each year and the amounts of each material are shown

in Table 10. These were applied immediately before tobacco plants were set.

In 1926 sulfur (inoculated), 200 or 400 pounds per acre, or sulfuric acid,

1800 pounds, together with orthophosphoric acid (80 per cent), 440 pounds

per acre, were ai>plied to the plots so indicated in Table 9. This was done

one month before plants were set. The acids and the sulfur were harrowed

into the soil immediately after their application. In 1927 sulfur and the acids

were applied again and in the same amounts to the plots named in Table 9,

two months before the tobacco plants were set. Some plots received these

treatments, therefore, in one year only, and others received them in two suc-

cessive years. No acidifying chemicals were applied after 1927.

In order to determine how tobacco compared with some other crops in

removing lime from the soil and in lowering the pH value of soil, timothy

was planted in the fall of 192.5 and alfalfa and alsike clover in the spring of

1926 on the ))lots indicated in Table 9. The hay crops were grown on these

))lots in 1926 and 1927. In 1928 half of each hay plot was again set with

tobacco, and in 1929 and 1930 the other half of each hay plot was again used

for tobacco. There were thus available for com])arison jilots on which tobacco

was grown every year and plots on which tobacco was grown following two

or three years of each of these other crop.s—alfalfa, alsike clover, or timothy.

I'^ach year the tobacco from each of the several plots was cut, cured,

stri])ped, and .sorted separately. The fire-holding capacity or duration of burn

of samples of leaf from each plot was determined in strip tests.' The quanti-

ties of calcium and magnesium oxides removed in each crop (including stalks

'The burn of the leaves was initiated by means of an electrical resistance coil.

Five leaves from each grade were used and four tests were made on each loaf.
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of tobaccHt) from each plot were determined/ Roots of tobacco plants were

examined for black root-rot and brown root-rot at the time the tobacco was

cut.

The pH value of the soil, the yields per acre of cured leaf, the results of

the sorting, burn tests, and root examinations are recorded for each plot

and each year so far as they are available, in Tables 11-15 in the appendix.

Effects of Lime

'J** pH values of Soil and on Yields of Tobacco.

The pH values of the soil in limed plots 12 and 24 may be compared with

the pH values of soil in unliiTied plots 5, 17, 6, and 18 by reference to Tables

11-15, for the years 10-26, 1927, 1928, 1929, and 1930. None of these plots re-

ceived sulfur or acids.

The pH value of limed soil did not change more than 0.2 from 1926 to

1930 inclusive, and that change was from about 5.9 to 6.1, or not in the di-

rection of increased acidity. Soil pH values in limed plots were still favorable

to Thielavia basicoht in 1930, seven years after the application of lime. The
soil in plots not limed had meanwhile become increasingly acid, the pH values

changing from about 5.4 in 1926 to about 5.0 in 1930.

In Table 3 the yields of tobacco on plots not limed are compared with

the yields on the limed jilots, and the losses in yield on limed plots, exjiressed

as percentages of yields on plots not limed, are recorded. Tobacco was grown
every year on all of these plots and to none of them were acidifying chemicals

applied.

Table 3.

—

Effects of lime (applied last ix 1923) ox yields of tobacco

FROM 1925 to 1930, ixclusive.

Year Yields per acrf'

Unlimed plots 1

Ponnds

1924 1-548

1925 1230

1926 1648

1927 1536

1928 789

1929 1519

1930 1924

* Means for (hiplicate plots.

The loss caused directly by black root-rot (as evidenced by root examina-

tions) on plots last limed in 1923, reached its maximum (45 or 43 per cent)

in 1925 and 1926, and was considerably less in 1927.

In 1928 the total precipitation in June, July, and August Mas 74 per cent

more than the normal for this period. As Chapman (12) has pointed out, ex-

cessive summer rainfall in Massachusetts is always followed by a reduction

in the yield of tobacco. Furthermore, the soil in this field is not very well

* By Philip H. Smith and Henri D. Haskins of Massachusetts Agricultural Exper-
iment Station.
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drained, and under tliese conditions of excessive rainfall tobacco grew so

poorly on all jtlots that tlie effects of the several soil treatments on growth

were largely obscured, '^'ields on all plots, limed or not limed, were the low-

est they had ever been, and topography of the field had for the first and only

time some effect on the growth of tobacco; in thirteen out of seventeen pairs

of duplicate plot treatments, the plots in the lower half of the field yielded

less than the plots in the higher half of the field.

Limed plots yielded 23 per cent less in 1929 and 25 per cent less in 1930

tiian did plots not limed. Thus, seven years after liming, the soil was still

sufficiently favorable to Thielav'm basicola, as evidenced by yields (and infec-

tion of roots), to pre\ent the profitable growing of tobacco on limed ])l()ts.

But the loss caused by lime, applied in 1923, decreased from 45 per cent in

llfi", to 23 per cent in 1929.

On QiMlity and Burn of Tobacco

The index of quality used for jjurposes of comj^jarison is the percentage

of leaf of the grades lights, mediums, and seconds in the tobacco from each

plot.

In general, lower yields on limed plots were associated with poorer qual-

ity. In 192() (Table 11) 48 per cent (mean for duplicate plots 5 and 17) of

the tobacco from plots without lime was mediums and seconds, and only 26

per cent (mean for duplicate plots 12 and 24) of the tobacco from limed plots

was so classed. Again in 1927 (Table 12), there was a higher percentage of

mediums and seconds from plots not limed than from limed plots. But in

1928, 1929, and 1930 (Tables 13-15), with smaller differences in yield between

limed and unlimed plots than in earlier years, the quality of tobacco on limed

plots was not definitely inferior to the quality of tobacco on plots not limed.

In addition to the crops of the years discussed in this paper, the burn

of the tobacco of the crops of 1924 and 1925 (described in an earlier report

(5) from plots with and without lime was tested.^

In 1924, the first year after the last application of lime, the fire-holding

capacity of both darks and seconds from limed plots was considerably better

than that of corresponding leaves from plots not limed, as may be seen by

reference to Table 4.

Taki-e 4.

—

Fire-holding capacity of tobacco, crop of 1924.

Percentage of tests

in which the burn was :

Grade of leaf Soil treatment

Seconds-

Darks

Good Fair Poor
Per cetif Prr rent Percent

f Limed plots 56 37 7
"

"I
Plots not limed 25 42 33

f Limed plots 30 50 20

I
Plots not limed 54 46

In five out of six com})arisons made in the crop of 1925, the fire-holding

capacity of the seconds was better without lime than with it. In six out of

nine comparisons of the darks in this crop, the fire-holding capacity was as

^ The burn of the crop of 1924 was tested by Walter Edwards and that of 1925

was tested by J. P. Jones, formerly Research Professor of Agronomy in ifassachusetts

Agricultural Kxperiment Statioa.
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good without lime as witii lime; but in the otlier three comparisons, burn was

of longer duration with lime tiian without it. The differences were not great,

and the only conclusion is that the burn of the tobacco of 1925 was not con-

sistently better or worse in limed plots than in plots not limed.

From Table 11 it is seen that the burn of the crop of 1926 was somewhat

better with lime (Plots 12 and 21) than without it (Plots 5 and 17). The in-

creases in fire-holding capacity on limed plots were 15 per cent in the medi-

ums, 24 per cent in the seconds, and 61 per cent in the darks.

In 1927^ however, liming did not consistently improve the burn. Lime

was associated with a better burn of the seconds on one plot (Plot 24) but

not on its duplicate (Plot 12), and in three out of four possible comparisons

Ume did not improve the burn of the darks. (Table 12.)

The fire-holding capacity of the crop of 1928, the year of the rainiest

growing season, was very good on the whole, and the burn of both darks and

seconds from plots not limed was as good as or better than the bui-n of the

corresponding leaves from limed plots. (Table 13.)

In 1929 seconds from limed plots 12 and 24 held lire slightly longer

(mean of 29 seconds) than did leaves of this grade from pilots 5, 6, 17, and 18,

not limed, (mean of 26 seconds) ; but darks from the limed plots did not hold

lire quite as long (mean of 16 seconds) as did darks from the unUmed plots

(mean of 18 seconds). The differences are small and inconsistent and shov>-

only that liming was without significant effect on burn in 1929. (Table 14.)

In four out of these six years lime in the amounts applied to this soil did

not improve burn of the leaf; that is, it did not increase the fire-holding

capacity as determined by strip tests. In only two years, 1924 and 1926, did

lime unprove burn.

These results are in general agreement with those presented in the liter-

ature on this subject. In the experiments of Ames and Boltz (1), tiie ap-

plication of lime to the soil shortened the time of burning of tobacco. Accord-

ing to Haley (18), lime does not improve the combustion of cigar leaf to any

extent and if applied in large quantities it may injure burn. Garner (16)

has reported that lime does not much aft'ect the fire-holding capacity of to-

bacco. Lime reduced the fire-holding caj)acity of tobacco in strip tests, but

not in cigar tests, in Connecticut (6).

Considering only unlimed jilots 5 and 17, the best burn of these four

years was in the rainiest season and the poorest burn was in the dryest sea-

son. The differences were greater than those associated with lime or no-lime

treatments of the soil.

Year Rainfall Length of burn in seconds

(June, July, Aug.) (Unlimed Plots 5 and 17)

Darks Seconds
1926 9.25 6 9

1927 11.78 13 13

1928 21.60 41 25

1929 12.11 13 20

Effects of Tobacco, Alfalfa, Timothy, and Alsike Clover

On Soil Reaction and Remoz'ul of Lime in the Crops

The number of pounds of calcium and magnesium oxides removed in

each of these crops from each plot in 1926, 1927, and 1928 is recorded in

Table 5.
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Tab
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The results of tlie observations now to be described indicate that alfalfa

is not sufficiently susceptible to black root-rot caused by Thielavia to pre-

clude, for that reason, the growth of alfalfa in rotation with or preceding

tobacco.

Tlie soil of the limed jjlots on which alfalfa was grown following four

years of tobacco \\ as very completely infested with Thielavia, as evidenced by

the severe infection of tobacco in the preceding and the succeeding years. The
relative susceptibility or resistance of alfalfa to infection by this fungus was,

therefore, jDut to a real test.

Roots of alfalfa were examined each year. Tlie roots showed a kind of

pitting very similar in appearance to an injury of undertermined cause which

has been described by other investigators (31, 29) ; but no infection by Thie-

lavia basicola was foimd, although soil conditions and tlie abundant presence

of the fungus were most favorable to it.

As far as black root-rot is concerned, tiierefore, there seems to be no

reason why alfalfa cannot l)e grown in a rotation preceding tobacco.

Ou Black Root-Eot, Broicti Root-Rot, and Yields of Tobacco

In l.')28, 1929, and 1930, the first, second, and third years of tobacco after

the liay crops, black root-rot of tobacco on limed plots was slightly less severe

fa little less conspicuous in its eifects on the roots) than on plots on which

tobacco had been grown every year. This eifect was too small, however, to

oft'set the brown root-rot effect of the hay crops on the tobacco which fol-

lowed them, at least in the first year or two.

Brown root-rot of tobacco following timothy was equally severe on plots

with and without lime in 1928, the first year of tobacco. It was much less

se\ere in 1929, the second year after the hay crops. In 1930, the second or

third year of tobacco following the hay crops, there was little and in most

cases no brown root-rot; that is, the brown root-rot eft'ect of these predispos-

ing crops on the tobacco which followed them disappeared after the first one

or two years of tobacco.

In the very rainy season of 1928, lowered yields and poor quality of

tobacco were associated with a preceding alfalfa crop only in the lowest part

of the field, where all tobacco grew poorly. Tobacco yielded as well after al-

falfa as after tobacco in the highest part of the field, and here the tobacco

was of as good quality following alfalfa as on plots where only tobacco had

been grown. In 1929 limed plots on which alfalfa was grown in 1927 and 1928

yielded 4 to 17 per cent less tobacco than did plots in continuous tobacco; but

limed plots on which tobacco was grown no later than 1927 yielded 15 to 30

per cent more tobacco than did limed plots on which tobacco was grown
every year. In 1930 the yield of tobacco following alfalfa, grown in 1926

and 1927 or in 1926, 1927, and 1928, was practically the same but no more

than tlie yield on plots in continuous tobacco. The ])ad effect of brown

root-rot on yields of tobacco following alfalfa was, therefore, confined to the

first year of tobacco. In the second year of tobacco after alfalfa there was

some increase in yield as compared with yield of plots cropped continuously

with tobacco; and in the third year, yields were about the same following

alfalfa as on plots on which tobacco was grown every year.

With brown root-rot severe, the bad effects of timothy on the yield of

tobacco which followed it in 1928 were essentially the same on plots not limed

(on which the depressions in yield were 16 to 27 per cent) as on plots limed

(on which the depressions in yield were 17 to 33 per cent). In 1929 yields
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of tobacco on limed plots on which tiniothj^ Mas grown in 1927 and 1928 were

17 and 37 per cent less than yields on plots cropped continuously with to-

bacco. Two years of timothy were, therefore, much more injurious than were

two years of alfalfa. However, the yield of tobacco the second year after

timothy, last gro\\n in 1927, was as good as on plots where tobacco followed

tobacco. There was, however, no really increased yield of tobacco on limed

plots resulting from the substitution of timothy for tobacco in previous years.

In 1930 tobacco on limed plots following timothy yielded as well as (in fact

a little better than) tobacco on plots on which only tobacco was grown in

earlier years.

Alsike clover was confined to plots not limed, and its effect on the tobacco

which followed it may, therefore, be compared only with that of timothy. It

was nnich less injurious than was timothy. Timothy was associated with a

loss in yield of tobacco of 81 or 69 per cent in 1928, while the loss in yield of

tobacco following alsike clover was 45 or 49 per cent (in duplicate plots).

The substitution of these hay crops for tobacco on limed and Thielavia-

infested soils is not to be recommended as a means of increasing soil acidity

or overcoming black root-rot in later crops of tobacco.

Effects of Sulfur and of Acids in the Field

On pH Values of Soil

The effects of the several acidification treatments on pH values of soil in

limed plots from 1926 to 1930, inclusive, are recorded in Tables 11 to 15. The

actual pH values which resulted from each of the several treatments are

significant only in connection with this one soil; for as indicated by results in

another field described below, and as pointed out by other investigators (23,

21), sulfur (or sulfuric acid) may not give the same results in soils of differ-

ent types. However, the relatively small changes in pH value of soil which

resulted from the application of sulfur or the acids to limed plots were ac-

companied by materially increased yields of tobacco and less black root-rot.

The pH values of the soil in limed plots to which the acidifying chemicals

were applied only in 1926, one month before tobacco plants were set, were as

low in that year (pH 5.6 to 5.8) as in the following years; that is, these treat-

ments did not lower the pH value of the soil increasingly after the first year.

This is as would be expected, for in experiments by other investigators (26,

15, 30), 80 per cent or more of the sulfur applied fo soil was oxidized within

a month or during the growing season; and McKibben (23) observed that the

acid effect of sulfur applied to soil reached its inaxinumi within two or three

months.

The applicaton of sulfuric and orthophosphoric acids in 1926 resulted fn

sufficiently lowered pH values of the soil (to about 5.7) in 1926 and 1927 but

not in 1928 or 1929. The application of these acids in two successive years,

1926 and 1927, resulted in lowered pH values (to 5.6 or 5.7) in every year

through 1930. Nine weeks after this treatment was applied in 1927, the pH
value of the soil Mas lowered 0.2 or 0.3 by it.

.Sulfur, 400 pounds per acre, applied in 1926 lowered the soil pll values

to 6.7 from 5.9 in 1926 and 1927, and it had less but some effect in 1928, 1929

and 1930. The application of 400 pounds of sulfur in 1926 and again in 1927

resulted in lowering the pH values of the soil in 1927, 1928, 1929, and 1930.

Sulfur, 200 pounds per acre, applied in 1926 or in 1926 and 1927 was less
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effective than the heavier ai)j)lication; pH values were lowered by it in 1926

and 1927 but not in the following years.

On this heavily Ihiied soil, 400 pounds of sulfur rather than 200 pounds

l>er aere were needed to lower the pH value of tlie soil effectively. Sulfur,

400 jxiunds, applied once was effective for two years. Sulfur, 400 pounds,

applied in two successive years, 1926 and 1927, remained effective through

1930. In 1930 limed soil not acidified had a pH value of 6.0, and limed soil

to which 400 pounds of sulfur had been applied in both 1926 and 1927 had

a pH value of 5.7 or a little below the usually accepted danger point for

black root-rot.

On Black Eooi-rvt

The severity of black root-rot on limed plots in 1926 was reduced by all

acidification treatments but by none of them was it eliminated. The disease

was present as a trace on plots not limed, severe on plots limed and not

acidified, and moderate or mild to moderate on limed plots acidified, without

very pronounced dift'erences between the several acidification treatments.

In 1927 the degree of infection of tobacco by Thielavia basicoJa was

greatly reduced by sulfuric and orthophosphoric acids applied in 1926 and

19'27. On one of the limed plots so treated, there was no black root-rot and

on the other there was only a trace. Black root-rot on the check plots, limed

and not acidified, was less severe than the year before, but it was at least

moderate in intensity. Infection of tobacco on limed plots was reduced more

in 1927 by the application of sulfur in the two successive years than by its

application in 1926 only.

In 1928 black root-rot of tobacco was again severe on limed plots and

absent, as in every year, from plots not limed. Its severity on limed plots

was reduced most this year on those plots to which the acids or sulfur, 400

pounds per acre, was applied in 1926 and 1927; but sulfuric and orthophos-

phoric acids permitted more infection by Thielavia in 1928 than in 1927, the

last year they were applied.

There was black root-rot in 1929 on all tobacco plants on limed plots not

acidified, but the infection was no more than moderate. On limed plots, there

was least black root-rot on those to which sulfuric and orthophosphoric acids

were applied in 1926 and 1927. On these pilots there was only a trace of the

disease on many of the plants and some of the plants were entirely free from

it. The next most nearly disease-free of the limed plots were those to which

these acids were applied in 1926. The applications of sulfur, 200 or 400

poimds per acre, in 1926 and 1927 resulted in less black root-rot in 1929 than

did the application of these amounts of sulfur in one year (1926) only.

In 1930 black root-rot Mas no worse than moderate, even on limed plots

not acidified. The acidification treatment of limed plots which resulted in

least black root-rot this year was the application of 400 pounds of sulfur per

acre in 1926 and 1927 or in )926 only.

On Yields

The percentage increases in yields of limed and acidified plots, for ex-

ample plots 9a and 21a (duplicates), over yield of check plots 12 and 24,

limed hut not acidified, may be seen by reference to Table 6. In each case the

yield of a limed plot acidified was com]>ared with the yield of the most nearly

adjacent limed plot not acidified.
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Tahi.k 6.

—

Incrka;-f. in yield of tobacco on limed i'lots resulting from

acidiikatiox tueatments of soil.

Increase in yield*—per cent

Acidification treatment

Plot No. (Pound.s per acre) 1!>26 19-.2T 1928 1929 1930

9a. 21a Sulfur 200, in 1926 and 1927 49.0 None 20.5 11.0

91), 21b Sulfur 200, in 1926 only 27.5 34.0 None 14.0 8.0

10a, 22a Sulfur 400, in 1926 and 1927 43.5 None 14.0 17.0

10b, 22b Sulfur 400. in 1926 only 34.5 50.5 None 12.5 16.0

11a. 2:>a Sulfuric acid 1800 + orthophosphoric

acid 440, in 1926 and 1927 87.0 4.5 19.5 18.0

lib, 23b Sulfuric acid 1800 + orth()])hosphoric

acid 440, in 1926 only 58.5 33.5 20.0 10.5 2.0

* Means for percentage Increase in yields of duplicate limed plots acidified, over

their most nearly adjacent check plots (limed but not acidified).

Beiiinning- in 192(j, tlie tol)acco on limed plots grew nnich better on those

plots which had received applications of sulfur or of sulfuric and orthophos-

]>iioric acids than on plots not acidified. The beneficial eit'ect of the acids in

1926 on the groA\ th of plants on limed plots, as compared with growth on

limed plots not acidified, is shown in Figure 2. Yields of tobacco on limed

plots were increased by all treatments as comiiared with yields on limed plots

not acidified.

Tlie application of sulfur to plots not limed, and therefore without black

root-rot as a factor, did not significantly affect yields that year. (In another

field with a less well-buffered soil, its pH value two months after the treat-

ments was lowered as follows from an initial pH value of 6.2: by sulfuric

acid, 2000 pounds per acre, 0.6; by sulfuric acid, 2000 pounds, and ortho-

])]iosphoric acid, 500 pounds i)er acre, 0.6; bj- orthophosphoric acid, 1000

pounds per acre, 0.3; and by sulfur (inoculated), -iOO pounds per acre, 0.4

In the practical a7)sence of Thielavia hasicola from the soil of this field, none

of these treatments affected the yields of tobacco).

In 1927 limed plots to which sulfuric and orthophosphoric acids had been

ai)])lied for two years (1926 and 1927) yielded as much as plots without lime

(and of course without black root-rot). The application of these acids to

limed plots for one year only increased yields in 1927 much less than in 1926,

the year of application.

Sulfur, 200 or -IOO pounds per acre, applied in 1926 increased yields on

limed plots more in 1927 than in 1926, the year of its api)lication. Sulfur, 400

pounds per acre, was mcire eft"ecti\ e in increasing yields in botii years than

Avas sulfur, 200 pounds 2)er acre.

Sulfur aj)i)iic(l to plots not limed, and w itii black root-rot not a factor,

resulted in 1927 either in no effect on yields or in increased yields, as com-

l)ared with yields of plots not limed and not acidified. Even on unlimed jjlots

4h and Kia (with soil pll value 5.-5) to wiiicii sulfur to a total of 800 pounds

per acre vas a])j)Hed in 1926 and 1927, yields in 1927 were 6 or 17 per cent

larger tiian llic yields of the nearest plots, 6 and 18 respectively, without lime

and without acidification. Similarly, on unlimed i)lots 4b and 161), to which

sulfur, 400 pounds per acre, was applied in 1926, yields were increased in

1927 l)y 34 and 16 per cent resj>ectively, as compared with yields of nearest

])l()ts not limed and with no sulfur. Even these relatively heavy applications
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Plot 11 is a limed plot to which sulfuric and orthophosphoric acids were applied in

1926.

rv: Jii
Plot 12 is a liaued plot without acidification.

Fig. 2.- Growth of Tobacco in 1926 on Limed Plots with and without Soil

Acidification. (Photographed August 1.)
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of sulfur to .1 relatively acid soil did not interfere with the growth of tohac-

eo. Sulfur did, however, inerease yields more on limed plots with l)hick root-

rot consecjuently a factor than on plots not limed.

On the basis of yields in 1927, the oi)tiniuni rate of application of sulfur

for this soil was nearer KM) than SOO pounds per acre. Yields of tobacco on

limed plots were increased more in 1927 by sulfur, 400 pounds per acre, ap-

plied in 1926 than by sulfur, KH) pounds per acre, applied in 192() and again

in 1927, or a total of 800 jtounds.

In 1928, for the tirst and only time, yields were larger on limed plots

tlian on ]ilots not limed. (Talile 1'3.) In this abnormally rainy season, the

etfects of sulfur on yields of i)lots not limed were inconsistent; there were

increased yields on some of the plots, following some of the treatments, but

on duplicate plots yields were lower than on the check plot without sulfur.

Yields on limed plots in 1928 were not consistently increased by sulfur. On
the lower part of the field growth was very poor regardless of all factors

except too much water in the soil. The yields in 1928 on limed plots to which

sulfuric and orthophosphoric acids were applied in 192t) were 21 and 19 per

cent greater than those of their checks, jdots 12 and 21 respectively, limed

but not acidified.

Yields of tobacco in 1929 (Table 11) on limed plots acidilied were

greater, as in earlier years, than were yields of tobacco on limed plots not

acidified. The acidification treatments of limed plots which were most effective

in increasing yields were sulfur, 200 pounds per acre applied in 1926 and

1927, and sulfuric and orthophosphoric acids applied two years. The other

acidification treatments resulted in increases of from 8 to 14 per cent on

limed plots. Acidification treatments of limed plots did not increase yields

as much in 1929 as they did in 1926 and 1927. The application of sulfur to

plots not limed, and with black root-rot consetjuently not a factor, did not

significantly or consistently affect yields in 1929.

In 1930 the yields of tobacco on limed plots were increased 16, 17, or 18

per cent by sulfur, tOO pounds per acre applied in 1926, the same applied in

1926 and 1927, or the acids applied in 1926 and 1927. (Table 15.) These in-

creases were about the same as those resulting in 1929 from the same treat-

ments; but as in 1929, the increases were much less than in 1926 and 1927,

the years of or immediately following the application of the acidifying treat-

ments. In 1930, as in most cases in the earlier years, yields of tobacco on

plots not limed were not materially affected by sulfur.

Sulfur (not inoculated) was applied in 1930 to the soil of another field

here designated as Field Y, at the rate of 600 pounds per acre. The applica-

tion was made in April, at which time the pH value of this soil was 7.0. The
effects of this application on the pH value of the soil are shown in Table 7.

The pH values of the soil in the plots which received sulfur were lower

than those of their checks by 0.2 to 0.6 on July 16. The pH value of this

soil was so high in the beginning, however, that although the pH value was

lowered as much as to 6.1, it was not enough to prevent black root-rot, and

yields of tobacco were unaft'ected.

In these experiments, then, the application of sulfur to soil increased

yields of tobacco nuirkedly and consistently when the soil was infested with

Thielavia and when the pH value of the soil was lowered by the sulfur to

below 5.9, but not under other conditions.
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Tai!lk 7.

—

Effkct or sri.i ru on I'l 1 \.\iii:s oi- sou i\ I'lr.iu >'.

pll values of soil

Plot

No.
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limited, whicli is probably fortunate if sulfur is to be of use in tiie protection

of tobacco against black root-rot.

The effect on burn of tobacco of applications of sulfur to soil limed and

net limed may be seen by reference to Table 8.

The fire-holding- capacity of the tobacco on limed plots was reduced by

tlie acidification treatments in 1926, the first year of their application and a

year of relatively jtoor burn on all plots. In 1927, the burn of tobacco on

limed plots was improved by sulfur, 200 pounds per acre applied in 1926, or

in 1926 and 1927, and by sulfuric and orthophospiioric acids applied in 1926;

it was not affected significantly or consistently by sulfur, 400 pounds per

acre applied in 1926, but it was somewhat injured l)y sulfur, 400 pounds per

acre applied in 1926 and 1927, and by the acids ai)i)lied in the two years. In

1928 the burn of the tobacco on limed plots was either improved or practical-

ly unaffected by all the acidification treatments. In 1929 the fire-holding

capacity of the leaf on limed plots was not reduced by the acids or b}^ sulfur

one year, but sulfur, 400 pounds per acre for two years, was associated with

a poorer burn.

Considering now the burn of the tobacco on plots not limed, it appears

that in 1927 tiie fire-holding capacity was reduced somewhat, although not

consistently, by all the acidification treatments except the smallest application

of sulfur; in 1928 it was either improved or practically unaffected by the

acidification treatments; and in 1929 it was somewhat reduced by all acidifica-

tion treatments.

However, applications of sulfur such as these would be nuide only to

limed soil and when black root-rot made such treatments advisable; and when

there were any dift'erences, sulfur reduced fire-holding capacity niore on plots

not limed than on plots limed.

The amount of sulfur wliich may be used on tobacco land infested with

Tliielavia depends on the initial pH value of the soil on the one hand, and on

the eff'ect of too much sulfur on burn on the other hand. On heavily limed

soil imder the conditions here described, loss caused by black root-rot was

reduced without injury to burn by one ajiplication of sulfur of 200 or 400

pounds per acre; but when these applications were repeated the following-

year, on the same plots, fire-holding capacity was impaired.

SUMMARY

Eft'ects of acids and of sulfur in lowering the pH values of soil and on

growth and black root-rot of tobacco are described.

When the pH value of soil was lowered by the application of sulfuric or

nitric acids, infection by Thielavia was reduced accordingly.

"When the pH value of soil was lowered, as from .5.9 to -5.0, by the ap-

plication of orthophosphoric acid (alone), black root-rot of tobacco was still

severe or even more severe. It is possible that salts of aluminum, instead of

or in addition to hydrogen-ion concentration, inhibit Thielavia basicola in

acid soils, and that orthophosphoric acid as well as lime inactivates such toxic

substances, \\ith consequent benefit to the fungus. An application of alumin-

um sulfate to the soil \\as found to reduce injury to toliacco caused by this

fungus.

Soil pH values in field plots to which lime was last applied in 1923 were

still high enough in 1930, above 5.9, to be favorable to Thielavia hasicola.
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Loss in yield of tobacco, caused directly by black root-rot and indirectly

by lime, reached its maximum (about 44 per cent) in 1925 and 1926, the

second and third years after lime was last applied. In subsequent years, this

loss in yield on limed plots (in all cases as compared with yields on plots not

limed) decreased so that it was about 24 per cent in 1929 and 1930.

Lowered yields on limed plots were usually associated with poorer quality.

In four out of six years, lime did not increase the fire-holding capacity

of the leaf, as determined in strip tests. Abundant rainfall was associated

with improved burn and had more eft'ect than did lime on the length of time

leaves held fire.

Tobacco and alfalfa were equally efficient, and much more efficient than

timothy, in removing calcium and magnesium oxides from limed soil; but witli

no sulfur or acids applied, none of these crops caused a lowering of the pH
value of the soil between 1926 and 1930.

Thielavla basicola did not infect alfalfa grown in limed soil infested with

this fungus. As far as black root-rot is concerned, there is probably no rea-

son why alfalfa cannot be grown in a rotation preceding tobacco.

The substitution of a hay crop for tobacco on over-limed, Thielavia-in-

fested soil is not to be recommended as a means of overcoming black root-rot

of later crops of tobacco.

Following timothy, brown root-rot of tobacco was equally severe on plots

limed and on plots not limed.

Alfalfa or alsike clover as a cause of brown root-rot of tobacco was much
less injurious than was timothy. In the second year of tobacco following al-

falfa on limed soil infested with Thielavia basicola, there were marked in-

creases in yields of tobacco as compared with yields of tobacco on plots on

which tobacco was grown every year; but in 1930 tobacco following alfalfa

(last grown in 1927 or 1928) yielded no more than did continuous tobacco.

The pH value of soil was lowered as much, or more, the year sulfur or

acids were applied as in the years following. Soil pH values were lowered for

four years by sulfur, 400 pounds per acre, but sulfur, 200 pounds per acre,

was not enough in this soil to keep the pH value low.

The severity of black root-rot was lessened by all acidification treatments

in the year of their application. Sulfur, 400 pounds per acre applied two

years in succession, lessened the severity of black root-rot in these and the

three following years.

Yields of tobacco on limed plots infested with Thielavia basicola were

increased^ by all acidification treatments the first year the materials were ap-

plied. The application of sulfur to plots not limed, and on which there Mas
no black root-rot, either increased yields of tobacco somewhat or did not

affect them. Sulfur applied to limed plots increased yields more in the year

following than in the year of its application. The optimum rate of applica-

tion of sulfur to this soil, as evidenced by yields of tobacco as well as effect

on burn, was nearer 400 than 800 pounds per acre. Increased yields from
some of the acidification treatments have continued up to the present (1930).

Increased yields associated with acidification treatments of limed plots

were accompanied in general by increased percentages of leaves of the grades
lights, mediums, and seconds (as contrasted with darks and fillers).

The application of sulfur, 400 pounds per acre in one year, to limed plots

reduced the fire-holding capacity of the tobacco in the year in which it was
applied but not in the three years following. This is considered to be the

maximum application which is safe on this soil.
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Tahi K 10.

—

Fertilizers ArruEi) kach year, (poltnds per acre.)

117.0

1107.6

L'83.0

Fertilizer iiiiitcrials 1926

Ammo-Phos 2 1 6.2

Fish 200.0

Calcium nitrate 143.5

Cottonseed meal 922.5

Sulfate of potash-magnesia 233.9

Sulfate of potash (high grade) 131.0

Urea 72.5

Nitrate of potash 166.1

Precipitated bone 368.4

Calurea 107.2

Nitrate of Soda 92.4

Equivalent to a 5-4-5 fertilizer 3000 3000 3500 3500

1927

236

200
89

908
247

131

1928 1929

1107.6

293.9

173.7

350.0

1930

1107.6

293.9

173.7

350.0

107.2

92.4

3500

Table 11.

—

Soil reaction*, disease conhitioxs, Axn yield axd quality of

TOBACCO IX 1926.

pH values of soil

Plot

No. April* -Tune 5 Aug. 5

Black

root -rot

of

tobacco

Length of tinia

Yields of Lights, leaves held fire

tobacco mediums.

per acre and seconds Seconds Darks

Poiinds Per cent Seconds Seconds

1
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'rAHIi; 12. Son, HKACTION, DISEASK fO XDl TION S, AXI) YIKI.I) AND QUALITY OF

TOBACCO IX 1927.
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Tahii: 13.—Sim iikaciiox, diseasf. coxditioxs, axd yii;i,i) axd (iT'Ai.nv or

TOHACCO IX' 1928.

Black Brown Lights, Length of tinie

1)11 values of soil root-rot root-rot Yields of mediums, leaves held tir^

Plot of of tobacco and

No. July 27 Sept. 10 tobacco tobacco per acre seconds Seconds ])arks

la
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TahLK Ik—Sou, UEACTION, DISEASE CONDITIONS^ AND YIELD AND ttUALITY OF

TOBACCO IN 1929.



146 MASS. KXPKHl.MF.Xr STATION lUT.LETIX "iTfi

Table 15.

—

Soil keactiox, disease conditions, and yield and qialitv of

tobacco in 1930.
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Flower Pot Composition and Its

Effect on Plant Growth

By Linus H. Jones

The ordinary flower pot of fired clay has been the standard plant con-

tainer for many years. In recent years, however, flower pots of other

materials have come on the market; and of these, paper pots have received

most consideration because of their economic advantages. A result of

this interest has been a pronounced demand for reliable information con-

cerning the comparative merits of different types of containers. The

investigation reported in this bulletin was begun in response to this de-

mand and has given results which are applicable either to the production

of greenhouse plants in wholesale quantities or to the growing of a single

house plant.

MASSACHUSETTS STATE COLLEGE

AMHERST, MASS.



FLOWER POT COMPOSITION AND ITS EFFECT

ON PLANT GROWTH

By Linus H. Jones,' Assistant Research Professor of Botany

Introduction

An investigation of the merits of several types of phint containers has

revealed some interesting problems, the solution of which is of value to both

the producers and users of flower pots. The standard porous clay pot, with

drainage hole in the bottom, is in general use wherever plants are grown in

containers. With a good potting soil, proper temperature, water, and suffi-

cient light, the attendant in a greenhouse knows he can produce good plants in

such pots. When these same plants with their containers are removed to the

rooms where man works and dwells, experience indicates that the plant will

lose its luxuriance and may even die. Among the excuses for failure to grow

house plants may be mentioned the dryness of the air, the presence of coal

gas, and a natural lack of sympathetic understanding with the plants. The

paramount picture of household plants is the uncanny success of the poor

people with their tin-can containers. To all appearances, these people have

disobeyed all the rules of culture in that the non-porous containers with in-

adequate drainage are in kitchens with a great range of temperature, where

coal gas is frequently present, and where the sunligiit is frequently of short

duration.

The Porous Clay Flower Pot

Many examinations of house plants that are gradually dying have shown

a general absence of insect pests and freedom from disease. However, when

the plant is removed from its jiot, it is usually quite noticeable that the po-

rous pot itself is dry, that the upper third of the soil is wet and the lower

half of the soil is powder dry. In this dry soil the roots are dead. The diag-

nosis from the conditions thus found is gradual death of tlie plant caused by

a lack of moisture in the area normally occupied by the feeding roots.

An investigation of a broad nature has brought out some generalities

that explain a great many failures in growing house plants. A knowledge of

these factors leads to recommendations which may insure the successful home

culture of plants with a minimum amount of care.

It is well known that warm air will hold more moisture than cool air.

AVhen the cool air of winter is introduced into our rooms and its temperature

raised by any heating apparatus, the little moisture that it originally con-

tained when cool is very small conqjared with the amount of moisture the

1 The writer is indel)t<'d to Professor A. Vincent Osniun, Head of the Department

of Botany, for his keen interest in aiding in the solution of the many problems en-

countered in this investigation, and for his suggestions in making the results of

greater service to the public.
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air can retain at the raised temperature. The ratio obtained bj' comparing

the moisture actually present with the greatest amount of moisture the air

could possibly contain at a given temperature is called the relative humidity,

with 100 per cent as the highest possible value. In the locality of Amherst,

Massachusetts, the normal out-of-door relative humidities for the months of

June, July, and August are respectively 74, 76, and 78 per cent (5). The

driest atmosphere in North America is in Death Valley, California, where an

observer has recorded a relative humidity as low as 23 per cent. This humidity

is low, and yet the writer on several occasions has found the humidity of

rooms in an average building to be as low as 20 per cent. In Canada, where

the winter air is much cooler than in Amherst, relative humidity as low as 8

per cent has frequently been recorded (12). There has been so little work

done in obtaining actual measurements of the relative humidity in homes that

little information is available. Daniels (3) states it is probable that our homes

iiave a relative humidity of 20 per cent or lower. Such a low humidity indi-

cates an atmosphere as dry as desert air.

The effect of such a low moisture content is an atmosphere with a high

evaporating power. This increased evaporating power of the air quickly takes

up the moisture from the outside of the porous flower pot. The moisture lost

from the pot is replaced by moisture from the soil and the process continues

until both pot and soil are dry, if the soil remains in intimate contact with

the jjot. Usually, however, this extreme is never reached, as the daily water-

ing of the plants provides sufficient moisture to partially replace the daily

loss. As a matter of fact, practically one-half of the normal amount of water

supplied may be taken up by the pot, if the pot is dry. In Table 1 are given

the actual amounts of water adsorbed by dry flower jiots of various sizes and

also the amounts of water that constitute a normal watering for these pots.

Table 1.

—

The volume of a norjial watering of a clay flower pot that is

adsorbed by the pot.
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M)t has a cooling effect on the soil. Experiments conducted by Jones (7)

,how that a difference of 20° F. may exist between the soil temperatures of

i clay pot and a non-porous pot, the clay pot being- tlie cooler. By weighing

cxt fre(juent intervals, it was found that twice as nuich water was lost from

the porous pot as from the non-porous pot. In Table 2 is shown the loss of

weight from porous and non-porous three-inch flower pots and the tcmiier-

ature at the center of the soil mass. As the surface areas of the two types

of pots were the same, the greater moisture loss in tiie porous pots was due

to the evaporation from the outside surface of the pot itself. This double

loss of moisture from the porous pots was again checked in a later phase of

the investigation which brought out the fact that the porous pots required

twice as much attention for watering as did the non-porous pots.

Table 2.

—

The loss of moisture from porous and kon-porous pots and the

effect of evaporation on soil temperature in these containers.
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composition of the paper fibers. Tliis water-proofing material nnist also be

harmless to the root system, a part of which will be in direct contact with

the inside wall of the pot. Because of the lack of porosity in a properly made

paper flower pot, plants will frequently do better in these paper pots than

in the standard clay pots.

In cooperation with an industrial concern in Massaciiusetts-, a thorough

investigation has been made of what the requirements of a paper pot should

be to insure proper growth of plants. Growers who were using paper pots,

water-proofed with paraffin, claimed that poor growth was obtained in these

pots because of an acid condition in the soil resulting from a lack of aeration

through the wall of the pot. That this premise probably is not well-fovmded

is shown by the fact that plants grt)wn in glass containers have proved to be

superior to plants grown in porous containers. In Figure 3 are shown

tomato, peppier, and calendula plants growing in i)orous pots (clay) and ex-

tremely non-porous containers (jelly glasses). Figure 3 also shows the poor

growth obtained in pots made of paraffined paper. It is quite evident that

the lack of porosity in the pa})er pot is not a factor that hinders nornu\l

growth. Sufficient aeration of the soil may be obtained easily through the

surface in the same way that aeration occurs in the field and forest.

Since porosity is not a factor, attention was directed to the soil tenqiera-

ture as affected by the materials used in making plant containers (7). The

cooling effect by evaporation from a porous pot was sufficient to maintain a

soil temperature 20° F. lower than that of a glass container. The temperature

of the soil in a glass container followed closely the fluctuations of tempera-

ture of the air of the greenhouse. The tenqierature of the soil mass in a paper

pot lagged about 3° F. behind the soil temperature of the glass container.

Table 3.

—

Tejiperatures of soil mass in three-inch plant containers of

different composition.
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did have a soil temperature considerably higher than that of a porous pot.

However, no experimental evidence could be obtained wliich would indicate

anyeflfect on plant growth. Tomato plants in clay, paper, and glass containers

grown in a night air temperature of 80° F. were larger than a similar series

grown at a temperature of 60° F., but the relative differences between the

plants in the various containers in the same series remained the same. Fur-

tliermore, the soil temperature in the paper pot was more like that of the

glass containers, yet plants in the glass containers were frequently better

than those in clay pots and the plants in the paper pots were poorer than

those in the clay pots. These results indicate that the soil-temperature factor

is as unimportant as the porosity factor so far as it applies to growth in

paper pots.

The habit of growth in the paraffined paper pots was quite similar tj

growth obtained when a nutrient deficiency exists. The leaves of the plant

turned to a yellow green and became stiff. New leaves grew slowly and re-

mained small. These plants resembled plants that have been exposed to very

cool temperatures or have been put on a ration of a reduced quantity of

water. These practices, i. e., cool temperature and little water, are used in

the method of "hardening-off" plants either to hold them back in growth or

to prepare them for the more rigorous life of field culture. However, the root

system was very much unlike the strong root systems of j^lants that have been

hardened-off. The ball of roots witli soil was not present. The roots were

very few and showed little tendency to branch. This absence of a fibrous root

system on the outside of the soil mass was not due to lack of moisture on

the outside of the potted soil. The paper pot soon became quite moist and

in many cases was penetrated by roots that were working downward on the

outside of the pot. Numbers 11 and 12 in Figure 1 show the poor root systems

of plants grown in plain paper and paraffined paper pots. Numbers 16 and

17 are plants grown in clay and glass containers, showing excellent root

svstems.

3 'Im

Fig. 1.—Calendula Plants, 40 days in 4-inch containers.

No. 11, plain paper pot; 12, paraffined paper pot; 13, 14, 15, BakeUte varnishes

on paper pots; 16, clay; 17, pint size glass fruit jar.

The leaves of the plants were strikingly similar to leaves on plants suf-

fering from a lack of available nitrogen. Tomato plants in clay and paper

pots were given an application of an aiiuuonium sulfate solution (1 ounce to

1 gallon) when the plants in the i)aper ])()ts had apjjarcntly stoj)ped growing.
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Check pots of botli clay and paper were left untreated. Three days after tliis

application the plants in the treated paper pots showed a darker green color

and were soon quite superior to the plants in tlie ])aper pots to wiiich no

ammonium sulfate had been added. The plants in the clay jiots which re-

ceived ammonium sulfate showed a trace of improvement over the untreated

pots, but the diiTerence was marked only by darker green foliage. In Table l

is shown the height of the plants, thirty days after tlie application of the

ammonium sulfate solution.

Table 4.

—

Height of tojeato plants ix Foru-ixcii paper and clav floweii

POTS. THIRTY DAYS AFTER AX APPLICATIOX OF A^IIMOXIUM Sl'LFATE SOLITOX



151. MASS. EXPERIMENT STATION Bl'LLETIN 277

The nitrogen ai)i)lie{l to the yi.iper ])ots, even after the plants were

clieeked in gTOwtli, was sufricient to bring the plants to a lieiglit practically

ecpial to that of the plants in clay pots. That there was sufficient nitrogen in

the soil uhen the seedling tomatoes were potted is shown by the fact that the

clay pots receiving the animoniuni sulfate solution produced no better plants

than were obtained in clay pots to which no nitrogen had been added.

In practically every case the loss of green color by the foliage of the

plants in pajjer pots was preceded by a softening of the pot, indicating that

decomposition of the pot had started. Heavier coatings of paraffin prolonged

the stiffness of the pot, thereby insviring good gro\\th of the plants for a

longer period than was possible in the paper pots protected with a light

coating of paraffin. That the decomposition of the paper fibers is indirectly

the cause of the nitrogen deficiency is substantiated by the results of many

investigators who have studied the effect of decomposing cellulose on plane

growth. This investigation, in its latter phase, indicates that when the paper

fibers are so well protected that decomposition is impossible, no nitrogen

deficiency will occur. The direct cause of the shortage of available nitrogen

is the superior ability of the soil micro-organisms, producing the decomposi-

tion, to assimilate the nitrogen of the soil in competition with the plant.

In this case, the mass of soil was practically surrounded by decomposable

cellulose. The literature on the effect of decomjiosing cellulose on plant

growth is concerned with cellulose incorporated in the soil. However, as the

paper soon becomes water-soaked and eva])orates water from its outside sur-

face, the cellulose truly becomes a constituent of the soil, and it is not im-

probable that the same or similar processes of cellulose decomposition are

involved. It must also be kept in mind that when decomposition of the pot

has reached the point where the yiot becomes water-soaked, this area acts as

an evaporating surface and there would be a movement of the soil solution

to this area. Furthermore, the feeding roots are close to the inside surface

of the pot, the very region where microbial activity is the highest and where

there would be the greatest competition for nutrients of the soil.

The recent work of Collison and Conn (2) confirms the explanation of

earlier investigators, i. e., "that the presence of highly carbonaceous material

stimulates the activities of micro-organisms which compete with the plants

for the available nitrogen and in that way cause a nitrogen shortage in the

medium." Of these investigators may be mentioned Kriiger and Schneide-

wind (10) (11) who first proposed the theory. Pfeiffer and Lemmermann

(13) decided tliat the micro-organisms used the nitrogen as a necessary food

for their existence. Kellerman and Wright (8) came to a similar conclusion.

\\hen they created a state of malnutrition in citrous seedlings by addition of

cellulose to the soil. Hill (6) studied the Icngtii of time that cellulose de-

pressed the nitrate content of a soil. Doryland (4) and Rahn (14) concluded

that the supply of soil nitrogen may be utilized by the micro-organi.sms to

the extent that it may become a limiting factor to their activities. Allison (1)

makes an application of the nitrogen-carbon ratio wliicli lias the a])])roximate

constant of 1:10 in humid regions. When this ratio is widened by the intro-

duction of a highly carbonaceous substance there is an increased activity of

micro-organisms to narrow the new ratio in the process of which the relative-

ly small amount of nitrogen is tied up in the protein substance of the or-

ganisms. This nitrogen may be utilized over and over again by these organ-
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isms and is not available for plants until the ratio approaches the 1:10

constant.

The work of N'iljoen and Fred (15) in which wood and wood pnip cellu-

lose were used sho\\ s a harmful efl'ect on plants. These investigators agree

that the harmful effect was due to the need for nitrogen liy the organisms

decomposing the cellulose. As the paper pots are of tiiis form of cellulose,

there is no doubt that the same processes were taking place.

Knott and Jeft'ries (9)^ also working with paper flower pots nuide actual

determinations of nitrate j^resent in the soil. Their data sho>y that in th«?

process of decomposing the cellulose, the nitrate nitrogen of the soil had been

reduced six-sevenths. Their recommendation that the effect of nitrate defi-

ciency may be overcome by periodic applications of a nitrate solution is in

agreement with the data of Table 4 in this paper.

Knott and Jeffries (9) recommend the treating of paper bands or pots

with wax, asphalt, or other chemicals. The rate of decomposition will then

be reduced and there will be less danger of nitrate starvation.

The effect of a nitrogen deficiency can be overcome by applications of

available nitrogen. It was the purpose of the writer, however, not to remedy

the effect, but to remove the cause. It was reasoned that a paper pot in

which the fibers are so well protected that decomposition can not occur should

grow as good plants as those grown in glass containers.

Many different materials were used\ some of which gave a partial degree

of protection. Substances, which usually jirotect wood and are subjected to

wide fluctuations of temperature and moisture, could not withstand the in-

roads of the weathering processes taking place in the humid atmosphere of

the soil, a soil with a slight acid reaction, and replete with biochemical proc-

esses set up by the micro-organisms of the soil.

Inasmuch as any water-proofing material would decrease the porosity

of the paper pot, the trend of pot comjiosition would be to approach a

structure that resembled glass. Hence, in all tests, glass containers as well

as clay flower pots were used as checks. If glass produced poorer plants

than those grown in clay pots, the practicability of the residts would be

doubtful.

The materials used for water-jaroofing were gi\en careful consideration.

Combinations of treatments were made, including inside and outside surfaces

and treatments before and after the pots were formed. Special grades of

paraiffn, sodium silicate, lacquer, varnish, Bakelite varnish, cellophane, and

asphalt were used. Pots were provided with plant nutrients and also chem-

icals toxic to organisms (mercuric chloride and copper sulfate) incorporated

in the paper before the coatings were applied.

Tomato and calendula seedlings were used as indicator plants as they

grow fairly rapidly and the leaves quickly turn yellow when a nitrogen de-

ficiency exists. As the testing progressed and many of the treatments to the

pajier were eliminated, the final test was carried out with geranium plants in

four-inch pots. The geranium grows slowly and did not become pot-bound

' The program of testing paper pots with various water-proofing materials was
well advanced before the publication of the good work done by Knott and Jeffries.

* The writer is indebted to :Mr. E. L. Connolly of Bird & Son for the treated

paper pots and to the Bakelite Corporation for furnishing this laboratory with three

Bakelite varnishes.
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ill tlie course of the five-month period when tliis test of durability of the pots

was under way.

Wlien the fillers of the pot were j)ro))erly w ater-jiroofed with a substance

that had some degree of permanence, it was found that as good plants could

be grown in the paper pots as in the glass containers; and the latter in turn

were frequently superior to plants grown in the standard clay pots. The re-

sults of such a test are shown in Figure 1.

The Bakelite-treated paper gave excellent results as measured in growth.

This substance is not adaptable to the machinery used in treating this partic-

ular paper, but it served to demonstrate the improvement obtained in pajier

pots when the fibers are properly protected from decomposing organisms.

It was further learned that a properly coated paper disc in the bottom

of a paper pot improved the growth of plants. These discs serve to prevent

tiie roots from passing through the cracks in the base of the pot. These cracks

result from the folding of certain parts in forming the bottom of the pot. Of
the 10 best growing pots in a series of 40, 3 were of glass, 5 were of paper

with double coatings of varnish or lacquer and with discs, 1 was of paper

coated with Bakelite, and 1 of paper with a double coating of lacquer. It

is possible that the discs, by making a more solid bottom, prevent the leaching

out of certain nutrients, particularly nitrogen. If the paper pots are set on

beds of soil, sand, or cinders, these discs prevent the penetration of the roots

into such a moist medium. If the discs are not present, the pots must be

lifted frequently to break off these roots, otherwise the major part of the

root system will get into the moist bench and be lost when the plant is moved
to a new location.

The most practical paj^er pot was one in which the fibers were im-

pregnated and bound together with asphalt. In subsequent tests with several

different plants, this paper pot has proved capable of growing as good plants

as are produced in clay pots. In Figure 3 are shown the results obtained

with tomato, pepper, and calendula plants growing in three-inch pots of clay,

jiaraffined pa})er, as])lialt jiaper, and jelly glasses.

The asphalt paper pot may be profitably used by amateur plant growers

who do not have greenhouse facilities. Commercial growers may find these

pots of value for the last transplanting as the plants are then potted for

shipping, thus eliminating the extra weight and breakage that would occur

if clay pots were used.

Glass Containers as Flower Pote

The use of glass or vitreous materials in making flower pots, has a prac-

tical value. These containers promote good growth of plants in atmospheres

of low humidity. In homes, offices, and arid areas of the country, such plan*:

containers conserve the moisture in the soil, retain all the nutrients, and

considerably reduce the time necessary for the care of plants.

The prevailing idea that flower pots must be porous is quite erroneous.

In practically all laboratories, where plants are grown under controlled con-

ditions, non-porous containers of metal or crockware are employed and no

question has ever been raised that the lack of porosity of the container has

vitiated the results of the experimental work. Unlike the porous pot, the glass

container can not eva^iorate moisture on the outside surface. Unless care is

exercised in watering, there is grave danger that the soil will be flooded by

over-watering; but this may be guarded against by potting the plant with



FLOWER POT COMPOSITION 15?

vM

Fig. 3.—Seedlings of Tomato (26 days), Pepper (39 days), and Calendula (43 days).

Left to right, 3-inch pots of clay, paraffined paper, asphalted paper, and jelly

glasses.
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sufficient soil so tliat very little volume is left above the surface of the soil

that can be filled with ^vater. In glass containers, soils that are wet to the

touch need no ^^ater; if they are barely nu)ist, water may be added. Though

a drainage hole is not necessary, it may be helpful in case free water gathers

in the soil. In a period of three months in a greenhouse, plants in glass con-

tainers required less than half as nuich water as those in clay j^ots. With

house plants, the diflference would be wider.

In Figures 1 and 3 are shown experiments with various types of pots;

including glass. The glass containers in these photographs did not have drain-

age holes, yet glass produced ])lants as good as tho-^e grown in other con-

tainers, or better.

In order to demonstrate that glass containers were productive beyond the

vegetative phase of the ])lant, an experiment was prolonged through the

blossoming stage with calendulas. The plants Mere in 4-inch clay pots, 4-inch

Bakelite-varnished paper pots, and pint glass fruit jars (holding the same

volume of soil as a 4-inch pot). The plants in the fruit jars produced more

flowers than those in any other type of container, as is shown in Table 5.

Table 5.

—

The effect
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X;^sx

Fig. i.—Maidenhair Fern in Rubber ami Clay Flower Pots.

Table 6.

—

Livikg fronds of maidenhair ferns, fifty days in clay and

rubber flower pots.
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Summary

An investigation has been made of the effect of flower pot composition

on plant growth. Flower pots are either porous or non-porous. This character

of porosity in any pot determines the cultural practice to be followed for

good growtii. The porous pot, because of its evaporating surface, allows the

soil to dry out unless a means is provided for the pot itself to take up

moisture from some outside source. The porous pot, when dry, can adsorb

one-half the normal daily application of water given to 3, 4, 5, and 6-inch

sizes, and one-third tlie amount given to a 7-inch pot. The evaporation of

moisture from the outside surface of the pot has a cooling effect on tiie soil;

hut this cooling of the soil has no effect on plant growth. About twice as

Huich water is lost from a porous pot by evaporation as from a non-porous

pot in the same period of time.

The relative humidity of houses and offices is so low during the heating

months of the year that the evaporating power of the air frequently dries out

the loMer half of the mass of soil in a clay or porous pot. The roots in this

section, therefore, are killed, weakening the plant so that it gradually dies.

The moisture deficit caused by the excessive evaporation is seldom made up

by the daily watering of plants.

Paper pots, properly protected from the activities of micro-organisms,

will produce as good growth as can be obtained in glass or clay pots. How-
ever, if decomposition is in progress, the organisms make use of the available

nitrogen in the soil and the plant suffers from nitrogen starvation. This

nitrogen deficiency may be overcome by the addition of available nitrogen to

the soil in excess of what can be utilized by the micro-organisms.

The method of testing, with a variety of materials for water-proofing

paper fibers, is described. Better growth was obtained by the use of a disc

in tiie bottom of the paper pot used in the experiments. This disc served to

prevent the leaching of nutrients and also aided in the retention of the root

system within the jiot.

The most practical paper pot was one in wliicli the fillers were impreg-

nated and bound together witii asphalt. These paper pots produced plants

e(pial to tiiose grown in glass and clay pots.

Glass containers may be used successfully for j)lants. With a glass pot,

or any non-porous pot, care nuist be taken not to over-water the soil. Com-
pared with the watering of porous pots, the frequency for watering a non-

porous pot may be cut in half. There should be more soil in a non-porous

pot than in a porous pot to prevent excessive applications of water. Glass

containers are j^articularly valuable for the home and office, or in atmospiieres

with a low humidity. They conserve the moisture, whicii is evenly distributed

in the soil of the container.

Rubber flower pots represent a type of non-porous pot moulded from a,

synthetic sul)stance. These pots jiroduced good plants and are more perma-

nent and less breakable than glass or clay ])ots.
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Infectious

Laryngotracheitis

Carriers

By Charles S. Gibbs

The investigations on infectious laryngotracheitis for the past year

at this Station have centered largely around carrier problems and con-

trol measures. While the goal has not yet been reached, important

advances have been made, and the disease can now be handled under

laboratory conditions more effectively than it was a year ago. The

results contained in this paper are in no sense complete, but are pub-

lished in the hope that poultrymen and others interested in the control

of infectious laryngotracheitis may find in them some practical appli-

cations under field conditions.
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INFECTIOUS LARYNGOTRACHEITIS CARRIERS

By Charles S. (Jibbs,

Research Professor of \'eterinary Science

Chronic carriers of tlie virus of infectious laryngotracheitisl were suspected a<

the beginning of this study, because cleaning and disinfecting the houses and
moving apparently recovered birds to new quarters had failed to control the

disease in more instances than could be accovmted for by accidental infection.

Moreover, on several poultry farms, the annual appearance of the disease among
pullets and cockerels brought in from the range in the fall and mixed with older

birds strongly indicated the presence of carriers among the adult birds. Then,

in an examination of 144 birds by means of intratracheal swabs, two convalescent

birds were observed (Gibbs, 1931) eliminating virus longer than usual while show-

ing no symptoms of disease. Although these observations did not actually

reveal the existence of chronic carriers, they signified the possibility of such, and

the investigation was continued until the 14 chronic carriers described in this

bulletin were found and studied.

Since these experiments on carriers of infectious laryngotracheitis were

completed, Komarov and Beaudette (1931) report the finding of chronic carriers

by the same method. While these investigators did not state the total number
of birds examined, they concluded: "P'inally, in a population of 25 birds which

had infectious bronchitis 16 months previously, 3 carriers of the virus were

determined."

For some time chronic carriers of infectious laryngotracheitis have been

suspected. Now experimental evidence from two independent sources shows

that such carriers actually exist.

Experiments on subjects closely related to chronic carriers, such as mechan-

ical carriers, the channel of infection, the viability of the virus imder natural

conditions, and practical suggestions for the control of the disease are included

in this bulletin.

Mechanical Carriers

Experiments have been conducted with sparrows and mice as possible carriers

of infectious laryngotracheitis. Thus far the results indicate that these pests

are not important in the transn)ission of the virus, as neither of them is suscepti-

ble to the disease. However, both sparrows and mice .served as mechanical carriers

when (he feathers and hairs were smeared with fresh exudate from the tracheas

of birds dying of acute infectious laryngotracheitis, a condition not likely to occur

under natural circumstances. In another experiment two cages, one containing

diseased birds, the other healthy birds, were placed twenty inches apart and

connected with a wire runway, arranged so that only the sparrows and mice

could pass from cage to cage, as shown in Figure 1. During the day the spar-

rows were seen passing hack and forth in search of feed. At night the mice got

1 This name was .^uggestprl by Dr. H. J. Htafseth, at the 1929 Confoionco of State and Fod-

cral Research Worker-s in Animal Diseases; and it has heen reoorninended by the Special Com-
mittee on Poultry Diseases appointed to report at the 19.31 meeting of the .\merican Veterinary

Medical Association. In order to assist the movement for standardized nomenclature in poultry

disea.ses, the name infectious laryngotracheitis is, therefore, used in this bulletin for infectious

trachitis and infectious bronchitis.
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into the feed in both cages, clawing it over and picking out pieces to nibble.

Since the susceptible chickens showed no signs of the disease, the mice and

sparrows did not serve as mechanical carriers under these conditions.

Ten pigeons from two widely separated flocks were inoculated intratracheally

with a virulent strain of the California infectious laryngotracheitis virus. The

pigeons were not affected by the disease, although two pullets inoculated with

the same virus at the same time died in five days. The virus lived only a few

hours in the tracheas of the pigeons, for after one day tracheal exudates from

them did not infect susceptible chickens. Beach (1931) was imable to reproduce

the disease by inoculation in pigeons.

A goose sent to the diagnostic service, apparently suffering from infectious

laryngotracheitis, was killed and necropsied. The gross and histopathological

lesions indicated infectious laryngotracheitis, but four chickens inoculated intra-

tracheally with fresh tracheal exudate failed to develop the disease, although

they readily succumbed to a natural infection later. Graham and Thorp (1931)

have reported a similar experience with a wild goose. As yet it is uncertain

whether or not geese are susceptible to the disease or act as carriers of the virus.

An attempt was made to determine whether man could serve as a mechanical

carrier of infectious laryngotracheitis. In this experiment 24 susceptible pullets

and cockerels were placed in separate cages. The cages were set on three double-

deck stands well isolated from one another. The birds on the first stand were

numbered Al, A2, A3, A4, A5, A6, A7, and A8, respectively; those on the second

stand, Bl, B2, etc.; and those on the third stand, CI, C2, etc. Al and Bl were

inoculated intratracheally with a virulent strain of infectious laryngotracheitis,

while CI was kept as an uninoculated control. Six days after inoculation both

.\1 and Bl showed symptoms of infectious laryngotracheitis and were emitting

trachea! exudate tinged with blood during paro.xysms of coughing. Apparently

the conditions were right for the next step in the experiment. Accordingly, the

experimenter carefully washed his hands and arms in warm, 2 per cent compound

cresol solution, hnally rinsing in running tap water, and drying with paper towels.

He then put on a recently laundered laboratory coat and handled the pullets and

cockerels in the A cages as in a poultry judging contest, beginning with Al and

taking each bird consecutively. After disinfecting hands and arms and changing

to another laboratory coat, he handled the birds in the B cages just as he had

those in the A cages. The same procedure was repeated for the birds in the last

group, begiiming with CI. All of the pullets and cockerels in the A cages, five

in the B cages, and none in the C cages came down with infectious laryngotra-

cheitis within the period of incubation for this disease, indicating that man may
serve as a mechanical carrier of the virus when the excretions are fresh and

carried directly from sick to healthy susceptible birds. Later the controls (C

birds) and B5, B7, and B8, which did not take the disease by handling, were

inoculated intratracheally Avith virulent tracheal exudate from A2 and A3. B8
and all of the controls came down with infectious laryngotracheitis in due season

and died. B5 and B7 did not contract the di.sease, and were later found to be

resistant to it.

Acute Cases

The most important distributor in infectious laryngotracheitis, as in most

acute infectious diseases, is the recently infected individual. The virus is nearly

always found in the tracheal exudate during the acute stages, and it has been

demonstrated in the internal organs in a limited number of cases in which an

especially virulent virus was used and special laboratory methods employed.



1«6 MASS. EXPEIUMENT STATION BILLE^ITN 278

The intravenous injections of filtered tracheal exudates into susceptible birds

indicate that the living virus can circulate in the blood in sufficient quantities to

cause general infections, but immune bodies are developed in this tissue, so that

it has been impossible to demonstrate its presence by direct methods.

The nervous system is apparently rarely affected, although the hen shown in

Figure 2 contracted the disease naturally and developed chon>a from which it

never fully recovered. The hen was kei)t under observation for six months.

At necropsy a hemorrhage was found on the ventral surface of the cerebellum.

A small blood vessel had ruptured in the cerebellar tissues and blood had flowed

into the space between the meninges and the cerebelhun, forming a clot. This

rupture and blood clot appeared like those occasionally found in the respiratory,

circulatory, and visceral organs of fowls dying of I'cute infectious laryngotrachei-

tis. A slight infiltration in the brain tissues around the clot indicated that the

blood was being slowly absorbed. In another set of experiments two hickens

were successfully inoculated with infectious laryngotracheitis from the brain of

a pullet dying of the disease. Blood clots were not found in this pullet, although

the brain material was preserved by Swift's (1921) method and other chickens

were inoculated later, confirming the infectiousness of the tissues examined.

Birds showing visible symptoms of infectious laryngotracheitis are called

acute cases. (Figure 3.) An attempt has been made to determine the length of

time acute cases eliminate virus, because of the importance of such knowledge

in developing control measures. Since the experiments reported in this bulletin

were started in November, 1930, individual tests have been made on 504 birds,

with ten viruses from widely separated places in Massachusetts, four from

California, and four from New Jersey. The number of cases of acute infectious

laryngotracheitis among the birds studied, and the number of flays during which

thev eliminated virus were as follows:
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The number of days the 14 chronic carriers eUminated sufficient virus at

weekly tests to inoculate susceptible chickens, up to the date this paper was

written, were as follows:

Carriers
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Figure I. Wire (^ages Connected by Runway -used for the mouse
and sparrow experiments.

Figure 2. Chorea in a Fowl, following an attack of Infectious

Laryngotracheitis.
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Figure .?. An Acute Case of Infectious Laryngotracheitis.
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As soon as the chronic carriers ceased to eliminate virus from the trachea,

they were killed, and the internal organs were tested for the presence of virus

by direct and indinn-t methods. The virus was not found in any of the internal

organs examined; but it should be borne in mind that the total number of car-

riers was limited to 14, and that it is difhcult to demonstrate the virus of infec-

tious laryngotracheitis in the tissues of birds by laboratory methods, unless it

is present in large ([uantities.

Experiments with Dried Infectious Laryngotracheitis

Tissues and Exudates

The cages used in the experiments with man as a mechanical carrier were

disinfected by sul)merging for 12 hours in a tank containing 3 per cent cresol

solution, numbered, and returned to the stands. Twenty-four pullets and cock-

erels were placed in the cages. For a month the birds in the A cages were fed

desiccated diseased tracheal tissues ami exudates, but none of them developed

the disease. At the end of the month the birds were inoculated, intratracheally,

with tracheal exudate from a jiuUet dying of the disease and all were found to

be susceptible.

The litter in the B cages was thorouglily dusted with some of the same ma-

terial that was fed to the birds in the A cages, except that it was ground to a

fine powder. All of these pullets and cockerels developed the disease in three to

seven days after the first dusting, and six of them died.

The birds in the C cages were fed powdered infectious laryngotracheitis

material in gelatine capsules, but did not take the disease. Later their tracheas

were swabbed with powdered tissues and exudates and all of them developed

the disease and died.

These laboratory investigations indicate that the virus is not likely to cause

disease in susceptible pullets and cockerels unless it is in some form that will

readily attach itself to the nuicous membrane of the respiratory tract. In other

words, the channel of infection in laryngotracheitis seems to be the respiratory

tract, and it makes little difference whether the virus is moist or dry; for dupli-

cate feeding experiments with moist tracheal tissues failed to infect susceptible

chickens while the spraying of liquid exudates invariahly produced the disease.

The Viability of Infectious Laryngotracheitis Virus Under
Natural Conditions in a Poultry House

The preceding investigation indicated that the environment in some poultry

liouses might be conducive to the preservation and spread of infectious laryn-

gotracheitis, especially in cold weather. An experiment was therefore planned

to determine the viability of the virus under these conditions. In this experi-

ment small pieces of epithelium, pseudomembrane, and tracheal exudate were

scraped from the tracheas of fowls dying of the disease, and placed in serological

test tubes which were plugged with cotton. Then the tubes were buried in the

litter on the floor of the j)oultry house. Every day during the course of the ex-

periment, except Saturday and Sunday, a tube was dug up and the contents

examined and us(>d to itioculatc chickens susceptit)l(' to infectious laryngotra-

cheitis.

The results of this experiment indicate th;it the virus was not i)reserved

for any great length of time under the conditions in the litter of the poultry

house, except during the latter part of .I.nnuary and the first i)art of February
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when the temperature and relative humidity were comparatively low. The
conditions then prevailing were more favorable, and the virus was preserved in

a viable condition in one trial for six days and in another for nine days. All of

the virulent pieces of tissues and exudates had dried nut considerably, but not

enough to preserve them indefinitely.

The location of the tubes in the litter and in the poultry house was important;

for the virus in the tubes placed in moist and sunny places, such as near the

drinking fountain and in front of the windows, lost its virulence in three days.

The virus in tubes buried in the corners, under the roosts, and under the laying

boxes remained virulent for longer periods.

It was impossible to measure the contribution of other factors that may have

been involved in the partial desiccation and prolongation of the virulence of the

tissues and exudates in the test tubes. Possibly the dry, dusty litter absorbed

the moisture, and such aerobic bacteria and moulds as grow at low temperatures

removed some of the oxygen, thus making the atmospheric conditions favorable

for a partial preservation of the viruses used in those experiments.

Practical Applications

When infectious laryngotrucheitis has existed in a flock and the recovered

birds are kept for breeding purposes, there is reason to suspect that some of them

may be carriers, and it is very unwise to mix any of the pullets and cockerels

coming in from the range in the fall with the breeders. The two flocks should

be kept entirely separate. The old hens and roosters should be disposed of as

soon as the l)reeding season i^ over, and the premises which they have occupied

thoroughly cleaned and disinfected. In this way the cycle of infection as it occurs

on many poultry farms should be broken and the disease should disappear from

the premises.

Terminal disinfection is important in poultry management and should

receive more attention than is ordinarily given to it. Terminal disinfection has

to do with cleaning up after an outbreak, or after disposing of birds among which

carriers are suspected. Before disinfection can be intelligently appled something

should be known about the virus, bacteria, or parasite it is desired to kill. It is

already known that infectious laryngotracheitis is caused by a filtrable virus

(Beach, 1930; Beaudette, 1930; Cibbs, 1931; Graham, Thorp and James, 1931).

Experiments show that this virus is easy to destroy outside of the bird. Ordi-

narily it does not live longer than 24 hours at 68° F. (20° C.) when exposed to light

and air, or 3 or 4 days when placed in an ice box. If moisture and air are re-

moved by means of a vacuum pump, and the dehydrated virus is kept in a sealed

desiccator just above the freezing point, its virulence is often maintained for

several months; but these conditions are unusual, and seldom, if ever, found in

a ])oultrv house.

The virulence of the virus in tracheal exudates and i)ossibly in other secre-

tions from diseased birds may be prolonged in the litter of poultry houses in

winter. While factors responsible for this prolongation are not well understood,

it is (luitc likely that constant low temperature, low relative humidity, dry

environment, and overcrowding are largely responsil)!(' foi' tlic spread of the

disease in poultry houses.

With these facts in mind it is possible to understand wiiy it is very difficult

to control infectious laryngotracheitis in winter. At this time of year the virus

is likely to be more resistant than it is at other seasons. The disinfectant is apt
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to freeze and fail to reach all of the places intended. In addition, colds and

roup are likely to appear as complicating factors due to increased draughts and

dampness. Usually the best time to clean up after an outbreak of infectious

laryngotracheitis is in the summer. All litter should first be removed from the

house and burned. Then the house should be thoroughly washed with hot water

and disinfected with one of the "Permitted Disinfectants. "^ The liquid should

be sprayed with a force pump, or rubbed into all cracks with a good stiff broom.

After standing for a week with doors and windows open to admit light and air,

the premises should be free of infectious laryngotracheitis.

Summary

L Sparrows and mice are not important mechanical carriers of infectious

laryngotracheitis.

2. Ten pigeons inoculated intratracheally with virulent strains of infectious

laryngotracheitis failed to contract the disease, or to carry the virus in their

tracheas for any great length of time.

3. Man may serve as a mechanical carrier of the virus if he handles birds

in the acute stages of the disease and directly picks up susceptible chickens,

pullets, or cockerels.

4. Acute cases eliminate virus as long as they live, up to 10 or 15 days, or

until they show no visible symptoms of the disease.

5. Fourteen chronic carriers out of 504 birds tested eliminated virus for

indefinite periods.

6. The number of chronic carriers in a flock surviving an attack of infectious

laryngotracheitis depends upon the size of the flock and the virulence of the

virus.

7. If the birds used for breechug pui-poses have had infectious laryngotra-

cheitis and the pullets and cockerels have remained free of it, the two flocks

should be kept separate in order to break the cycle of infection and get rid of

the disease.

8. The respiratory tract seems to be the most important channel of infection.

9. Usually the best time to clean up and disinfect after an outbreak of

infectious laryngotracheitis is in the summer.

10. It should be borne in mind that the control measures suggested in this

bulletin are based upon a laboratory study of infectious laryngotracheitis, and it

is too much to expect that they will meet all situations arising in poultry practice

without some adaptation or modification.

2 A list of the permitted disinfectants may be prociirfd by ;ippiic:ition to tlie Inited .States De-

partment of Agriculture, Washington, D. C.
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ONION SPRAYING AND DUSTING EXPERIMENTS!

By William L. Doran, Research Professor of Botany, and

Arthur I. Bourne, Research Professor of Entomology

Introduction

The field fxperiinnits here reported were conducted in 1929, 1930, and

1931, with the olijert of adding to the i<nowIedge of th(> effects of Bordeaux

mixture (4:4:50 and 8:4:50), milk of lime (4:50), and copper-lime dust on downy
mildew of onion (caused by Peronospora schleideni Fng.), on the blast disease

of onions, and on growth and yields of onions in the absence of these diseases.

Downy Mildew

Down.v mildew of onion was general and severe here in 1924, 1925, and

1926. This disease was also reported as present in 1927 and 1928, although it

caused little if any loss in those two years.

It has been recommended (2, 14, 6)^ that onions be spraj'ed with Bordeaux

mixture for protection against this disease. Such a recommendation is some-

times made with reservations, however, and these seem to be justified by the

observation of Knott (10). Writing in 1930 of conditions in New York State,

he made the statement that, although a few growers try spraying or dusting

onions with a copper fungicide each year, nf) satisfactory control of downy
mildew has thus been obtained.

The disease was, however, found Xo he preventable or controllable by a

copper fungicide in experiments in other States and, presumably, under other

conditions. Milbrath (13) has reported that Bordeaux mixture (with a sticker)

and also copper-lime dust, showed some promise as tested against downy mildew

of onion in California. Similarly, Bordeaux mixture (with a sticker) is reported^

to have given good results in the control of the disease in Colorado; and Dykstra''

has informed us that Bordeaux mixture (5:5:50), applied at intervals of 10 to 14

days, satisfactorih- controlled downy mildew of onion in small-scale tests in

Oregon.

Both Jones (9) and \Mietzel (15) observed injury to onion leaves sprayed with

Bordeaux mixture. That aspect of the matter is considered subsequently in the

present paper; for, in the case of plant diseases such as downy mildew and blast

of onion, which do not occur or do not measurably reduce yields (in Massachu-

setts) every year, the effects of fungicides on the crop in the absence of disea.se.

as well as the cost of spraying, are of especial importance, .since there is at present

no way of forecasting the ])robay)le pres(Mice or absence of these diseases, and that

would involve spraying every year if at all.

1 Tho onion industry in M;is.«acluisott.s in confined prinoipally to that part of the Connectioiit

Valley locatod in Hampshire and Franklin Conntio.s, and the obsorv-ations and results of experi-

ments recorded in tliis paper are similarly limited geographically.

^ Reference is made by number to "Literature Citeil," p. 1S4.

^ Plant Disease Keporter, Supplement 01. Diseases of vegetal)le and field crops in the Iriitcd

States in 1927.

* Letter of September 11, 1!)29, from T. P. Dykstra, Assistant Pathologist, Oregon Agr.

Kxpt. Sta.
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Blast

In 1927, 1928, and 1931, seed^ onions died prematurely in the Connecticut

N'alley, although downy niildew was practically or entirely absent, and it was

apparent that thrips {Thrips tabaci L.), a common cause of the early death of

onion leaves, was not responsible. In each of these years, this disease or abnor-

mal condition here designated as blast, first appeared in or about the third week

of July when periods of rain were interrupted and followed by high temperatures,

bright sunlight, and drying winds.

Macrosporium porri Ell., the pathogenicity of which to onions has been

established by Angell (1), Macrosporium parasiticum Thum., and Botrytis sp.

were often, but by no means always, present on blasting onions.

Onions dying from blast were often found to have pink and decaying roots,

and Plioma terreslris, which according to Hansen (7) is the true causal agent of

the pink-root disease of onions, was isolated by him from onions grown in Massa-

chusetts, which died prematurely in a year of blast. The pink-root disease was,

however, no less common in the Connecticut Valley on onions which did not

blast, but which died prematurely from other causes, notably thrips and drouth.

These and other considerations indicate, in our opinion, a physiological

rather than a parasitic cause of onion blast. The disease did not spread in the

sense that plant diseases caused by fungi or bacteria usually spread, as from

one part of a field to another; nor was there any apparent relation to differences

in soil or topograj)hy, soil reaction or previous cropping systems. Whole fields

of onions and all fields over a large area, having little if anything in conunon

except climatic environment, began to blast on or about the same day.

While the fungi named, and others, may be contributing factors which hasten

the death of blasting onions, our observations and those of other investigators

lead us to believe that blast of onion, like tip-burn of potato, has its first cause

in the atmospheric conditions indicated above. Lutman (12) has demonstrated

that tip-burn of potato is due to too bright sunshine and too high temperatures,

and under these same conditions, he observed tip-burn (incipient blast) of

onions. Furthermore, onion plants subjected by Jones (8) to conilitions of high

relative humidity and of light of low intensity, followed by exposure to relatively

dry air and to bright sunshine, developed the fading, withering, and dying

leaves symptomatic of blast.

In the experiments of Lutman (11) tip-burn of potato was found to be pre-

ventable by spraying with Bordeaux mixture, and these experiments with

onion were undertaken with the thought that spraying with Bordeaux mixture,

or with milk of lime, might be similarly efi^ective in protecting onions against

blast. Milk of lime was included, although it is without the fungicidal properties

of Bordeaux mixture, for in the experiments of Butler (4) the action of both

milk of lime and Bordeaux mixture (4:4:50) on sprayed plants was found to be

one of shade.

Methods and Costs

The sprayed plots and their checks were in triplicate and the dusted plots

and their checks were in duplicate each year. The treatments of all plots, in-

cluding materials used, numbers of applications, and intervals of time between

applications are recorded in Tables 1, 2, and 3.

* Blast as observed by us was confined almost entirely to seed onions, i.e., onions grown from

seed, as distinguished from set onions, i.e., onions grown from seta and harvested earlier.
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Copper-lime dust*' was applied between 6 and S a. m. by means of a hand

duster.

Potash fish-oil soap was used as a sticker with the Bordeaux mixtures and
with milk of lime at the rate of 3 or 4 pounds to 50 gallons. The sprays adhered well.

It was evident that neither milk of lime nor Bordeaux mixture, even with

the addition of fish-oil soap, protected onions against thrips. All plots, includ-

ing the checks, were therefore sprayed with nicotine sulfate 1:1000, with fish-oil

soap 3 or 4 pounds in 50 gallons, as recommended by Bourne (3), often enough

to prevent injury by these insects.

Sprays were applied between 6:30 and 9:30 a. m. The spraying, with the

exception of the applications made July 30 and August 5 in 1929, was done with

the power sprayer which Bourne (loc. cit.) has described. With this machine,

spray materials were applied at a pressure of 100 to 150 pounds. This outfit

was equipped with a spray boom by means of which 6 rows of onions (l3 inches

apart) were sprayed at one time.

It was necessary to use another power sprayer in 1929 on the two days named
above. This involved carrying a hose from the sprayer through the field, and

on these dates onions were sprayed by hand, but at a pressure of 200 pounds.

This resulted in a much less uniform coverage and the expenditure of more

gallons of spray per acre.

At the end of each season, onions were screened to remove those less than

Ij inches in diameter. The yields per acre of onions above this size which

were harvested from each plot each year are recorded in Tables 1, 2, and 3 for

the years 1929, 1930, and 1931 respectively.

A thorough coverage of the plants, using the power sprayer described b}'

Bourne (loc. cit.) required approximately 250 gallons of spray per acre for each

application, as an average for the entire season. An acre could be sprayed wdth

this outfit in approximately 1^ hours. This figure represents the time spent in

actual spraying and also makes allowance for the necessary refilling.

Estimates of cost of application are based on these figures. No estimates of

depreciation of the spray outfit or other items of overhead were included, since

these would vary according to the machinery used and could not be figured

accurately on an acreage basis.

The cost of four applications of Bordeaux mixture 4:4:50, including labor

and materials, was $19.40 per acre. This included two applications in which

nicotine sulfate was added for the control of thrips. The cost of materials alone

for the Bordeaux and fish-oil soap combination was $2.85 per acre for one appli-

cation. The addition of nicotine sulfate increased the cost to $5.35 per acre.

On a similar basis, the total cost of six applications of 4:4:50 Bordeaux

(including two in which nicotine was added) was $26.60 per acre.

The 8:4:50 Bordeaux was applied twice (including one application with nico-

tine) at a total cost of $12.50 per acre. For three applications in which nicotine

was included once, the total cost was $17.50 per acre. The cost of materials

alone for Bordeaux of this strength with fish-oil soap was $4.25 per acre for each

application. The addition of nicotine sulfate raised this figure to $6.75 per acre.

Milk of lime was applied six times (including two applications with nicotine)

at a total cost of $18.20 per acre.

In every case, potash fish-oil soap was added to the Bordeaux mixture and

milk of lime to increase the adhesiveness of the spray and give more uniform

•^ Cuarantood to contain not less than 19% nionoliydratcd copixT sulfate and not over Sl%
inert ingredients.
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coverage. This represented a cost of $1.05 per acre for each apphcation.

The most expensive item in each combination was the nicotine sulfate which

added approximately $2.50 per acre to the cost of each application. Since Bor-

deaux or lime alone, however, proved no fleterrent for thrips, the addition of

nicotine sulfate was necessarv.

Results in 1929

The season of 1929 was very dry. Some drouth injury occurred, hut neither

Mast nor downy mildew was observed in this season.

Eight applications of copper-lime dust applied at weekly intervals, i)egiiming

July 1, resulted in decreases in yields of from 23.6 to 30.2 per cent. \'ields were

decreased rather more by six applications of copper-lime dust applied weekly,

beginning July 22. In the absence of disease and vmder the weather conditions

prevailing in 1929, copper-lime dust as applied was injurious to onions.

Leaves were rather severely injured by Bordeaux mixture 4:4:50 and by

Bordeaux mixture 8:4:50 applied twice by hand, as described above. Milk of

lime similarly applied was not markedly injurious. This injury is attributed

more to the over-spraying and uneven coverage than to Bordeaux mixture itself;

for in the case of early applications and applications in the two following years,

made at a pressure of 100 to 150 pounfls with the field sprayer (3), no injury

by Bordeaux mixture was observed.

With no disease present and with spray injury- apparent, it is not surprising

to note (see Table 1) that decreased yields resulted in all plots sprayed with

Bordeaux mixture. Bordeaux mixture 4:4:50 applied eight times at intervals of

two weeks, beginning July 1, or Bordeaux mixture 8:4:50 applied 5 times at

intervals of two weeks, were most injurious, resulting in reductions in yield of

from 26.0 to 34.7 per cent. The injury following six applications of Bordeaux

mixture 4:4:50, made at weekly intervals, beginning July 22, was much less: the

reductions in yields in this case were from 1.6 to 11.9 per cent.

In two plots sprayed with milk of lime, there were small increases (7.4 per

cent) in yield, but in the third plot thus treated, a decrease in yield resulted.

It is evident from this that Bordeaux mixture applied by hand and at too

high a pressure, injured onions, and that this injury, with diseases absent, more

than offset any possible beneficial effect of spraying.

Results in 1930

Yields (see Table 2) were low in 1930, although in 1930 as in 1929, neither

blast nor downy mildew was present.

Yields were neither increased nor decreased consistently and significantly by

copper-lime dust applied four times or six times at weekly intervals.

Six applications of milk of Ume at weekly intervals resulted in decreases in

yields of 4,9 and 10,2 per cent in two plots and an increase of 3,9 per cent in the

other plot. The mean yield in plots sprayed with milk of lime was decreased by

3.9 per cent.

The effect of Bordeaux mixture, while not imiform in all plots, was in general

beneficial. Increases in mean yields resulted in all cases, with the largest increase,

19.5 per cent, in the plots sprayed six times with Bordeaux mixture 4:4:50 or

twice with Bordeaux mixture 8:4:50. Smaller increases (14.3 per cent) in mean
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yields resulted in the plots sprayed four times with Bordeaux mixture 4:4:50 or

three times with Bordeaux mixture 8:4:50. In onlj' one series of plots were de-

creased yields associated with these treatments.

It is evident from this that >ields of onions may be increased somewhat by
Bordeaux mixture applied uniformly and at not too high a pressure, even in

years of no downy mildew and no blast. Such an effect is tentatively attributable

to a direct stimulation or to protection against fungi which are usually of minor

importance. Increases in yields were, however, too small on the whole to indi-

cate that spraying would be a profitable practice with neither blast nor downy
mildew present.

Results in 1931

There was no downy mildew in 1931, but blast was severe, appearing, as in

1927 and 1928, about the third week of July.

It was evident by the first of August that onions sprayed with Bordeaux

mixture were blasting less and more slowly than were onions not so sprayed.

But the appearance of blast, although delayed, was not entirely prevented by
Bordeaux mixture, and the increases in yields following spraying with Bordeaux

mixture were not large. Yields were, however, increased somewhat in all plots

sprayed with Bordeaux mixture 4:4:50, and in all but one of the six plots sprayed

with Bordeaux mixture 8:4:50.

Six applications of Bordeaux mixture 4:4:50 were followed by increases in

yields of from 2.4 to 41.2 per cent, but the increase in the mean yield of the three

plots (16.8 per cent) was no larger than that associated with the corresponding

treatment in 1930, when there was no blast. The most consistent and, on the

Avhole, the largest increases in yields (with a mean of 19.3 per cent) were in those

plots sprayed four times with Bordeaux mixture 4:4:50, but even in this case,

the increases in yields were not much more than those which followed a corre-

sponding treatment in 1930 with blast absent.

Two applications of Bordeaux mixture 8:4:50 were of more benefit than

three applications of this fungicide, but increases in yield resulting from the

former were smaller in this year of blast than in the previous year when that

disease was absent.

Our conclusion, on the basis of the results in 1931, is that increases in yields

resulting from spraying with Bordeaux mixture in a year of blast were not

sufficiently large and consistent to indicate that the practice would be profitable

under present conditions.

Yields were increased 3.7 to 29.9 per cent in the plots sprayed with milk of

lime. These increases in yield in the presence of blast were, on the whole, larger

than in the two previous years when blast was absent; but increases were small

in two out of three plots. Milk of lime, on the whole, was of less benefit in both

1930 and 1931 than Bordeaux mixture, indicating that at least part of the benefit

of the Bordeaux mixture was probably due to its superior fungicidal properties.

As in previous years, copper-lime dust was of no benefit. The onset of blast

was not m«>asurably retarded by it, and yields were lower in all plots to which

copper-lime dust was applied. The decreases in yields in dusted plots were larger

following five than following three applications.

Discussion and Conclusions

The absence of downy mildew in 1929, 1930, and 1931 made it impossible,

of course, to add to the knowledge concerning the efficacy and practicality of
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spraying and dusting with copper fungicides, for the prevention of this disease.

But downy mildew does not cause loss in Massachusetts often enough or seriously

enough to warrant sprajdng onions every year, unless it can be shown that in-

creased yields would much more than pay for the cost of spraying in years when
there is no downy mildew, and especially in years when blast occurs. We are now
in a position to comment further on the effects of copper fungicides on onions

under the conditions indicated above.

Copper-lime dust as used, resulted in injury to onions sufficient to more
than offset any possible fungicidal value. In no year was it of any real or consis-

tent benefit, and in two years, including a year of blast, it was definitely injurious

and much more injurious than the same number of applications of Bordeaux

mixture. Yields of onions in a year of blast were increased by Bordeaux mixture,

but not by copper-lime dust. In this response, blast of onions again showed some
similarity to tip-burn of potato, for in the experiments of Butler (5) copper-lime

dust was much inferior to Bordeaux mixture in reducing injury of potatoes due

to tip-burn.

Onions were not injured by Bordeaux mixture 4:4:50 or even 8:4:50 applied

with suitable machinery at a pressure of 100 to 150 pounds, although it was in-

jurious when applied by hand and in too large amounts at a pressure of 200

pounds. With the object of reducing the total cost of appUcations, Bordeaux

mixture 8:4:50 was applied only half as often as was Bordeaux mixture 4:4:50.

In the absence of blast, yields were increased about as much by Bordeaux 8:4:50

applied at intervals of two weeks as by Bordeaux mixture 4 :4 :50 applied weekly,

and at less cost. Neither treatment, however, gave significantly increased yields

with enough consistency to prove that spraying onions with a copper fungicide

would be a profitable operation in years of no blast and no downy mildew. In a

year of blast (1931), yields were increased more by Bordeaux mixture 4:4:50

applied weekly than by Bordeaux mixture 8:4:50 applied at intervals of two

weeks.

Bordeaux mixture of both concentrations delayed the onset of blast, as it is

known to delay the appearance of tip-burn of potato. Four weekly applications

of Bordeaux mixture 4:4:50, begun July 27, just before blast occurred, were

followed by the largest and most consistent increases in yield, and this is the

concentration and schedule preferred should a grower wish to attempt protection

against blast by spraying. Blast occurred in only one year out of the three in

which these experiments were conducted and the increases in yield which re-

sulted from this treatment were not, in our opinion, great enough to warrant

the recommendation that onions be sprayed every year for protection against

blast.

Increases in yield following the use of milk of lime were even smaller, and

Bordeaux mixture is certainly to be preferred to it. But in a year of blast, yields

were increased a little by milk of lime, this increase (for the mean) being greater

than in years of no blast.

It has been established (3) that, in spite of certain practical difficulties in-

volved, onions may be successfully protected against thrips by spraying two or

three times in a season with a nicotine sulfate-fish-oil soap combination. But a

satisfactory power sprayer for such a crop is relatively expensive and onions

have not often been sprayed in the past to prevent injury by thrips. Growers

who, individually or jointly, find the ownership of a power sprayer feasible, and

who spray onions for protection against thrips may, on the basis of the results

of our experiments, expect some further increase in yield if Bordeaux mixture

4:4:50 is used with nicotine sulfate. But the data as presented above do not
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indicate that the purchase and use of a power sprayer solely for the application

of Bordeaux mixture to onions would be profitable in the average year in Massa-

chusetts. Since Bordeaux mixture, nicotine sulfate, and fish-oil soap are com-

patible and since the cost of spraying is not materially increased (only $L80 per

acre per application) by the inclusion of Bordeaux mixture 4:4:50 in this com-

bination, it is suggested that these materials be used when spraying to prevent

injury to onions by thrips.

Summary

Onions were injured by copper-lime dust in two out of three years, and loss

caused by blast was not lessened by this treatment.

Bordeaux mixtures 4:4:50 and 8:4:50 were not injurious to onions when
applied with a suitable power spraj^er and at a pressure of 100 to 150 pounds.

In the absence of downy mildew and blast, yields of onions were increased

somewhat by spraying with Bordeaux mixture.

Milk of lime was less effective.

The onset of blast was delayed, but not prevented by Bordeaux mixture.

In a year of blast, yields of onions were increased the most by four weekly appli-

cations of Bordeaux mixture 4:4:50.

Increases in yield resulting from this treatment were not large enough to jus-

tify spraying onions every year with a copper fungicide alone under Massachu-

setts conditions, since downy mildew and blast are not present here every year.

It is suggested, however, that growers spraying onions with nicotine sulfate

for protection against thrips include Bordeaux mixture in the combination spray.
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MASSACHUSETTS AGRICULTURAL EXPERIMENT

STATION—1931

INTRODUCTION

F. J. Sievers, Director

The present economic conditions which are making themselves felt in a

general industrial depression and consequent financial retrenchment, together

with the maturing of the provisions under the Purnell Act, have provided little

encouragement for the expansion of the service of the Experiment Station.

Instead, certain readjustments of a more or less drastic nature were deemed

necessary in the research program under way, and therefore several projects on

which work has been in progress for a considerable period are being temporarily

discontinued and the results prepared for publication. In other cases, through

special efforts in promoting closer cooperation between departments, it has been

possible to provide for the continuation of investigations that would otherwise

have been prematurely terminated wth the entire loss of previously expended

energy and funds. Provisions for closer cooperation are especially effective in

our relations with the United States Department of Agriculture through several

of its Bureaus. In evidence of this are the projects in tobacco disease investiga-

tions, cranberry culture and bog management problems, corn borer control serv-

ice, pasture management demonstrations and trials, and forage crop investiga-

tions, in all of which the relationships between the two agencies in question have

been so satisfactory that there remained little to be desired.

While these developments in our program may not have made for the antic-

ipated expansion so urgently requested by the loyal supporters of the Station,

they, nevertheless, indicate progress of a desirable type. It is not unreasonable

that, because of the tremendous changes in our entire economic structure, there

should be equivalent readjustment in those research activities intended to exert

a beneficial influence on industry. Agricultural experiment stations, as a result

of their findings, have without question had a pronounced part in that increased

efficiency which is considered partially responsible for the lack of proper balance

in our entire industrial scheme. For a nation to be supplied to the point of super-

abundance in practically all commodities, and yet to be confronted with the

extreme sociological and economical problems facing its population today, is the

best evidence that we have not learned how to capitalize on the economic advan-

tages at our disposal. The real solution of this tremendous problem requires

research with a well-planned program of subsequent education; and our experi-

ment stations, as organized, may well consider that they have a responsibility

in this field.

Certainly with the continued increase in the application of science to all in-

dustry, and especially to agriculture, there will be a consequent need for regula-

tion of employment to offset the lesser demand for labor resulting from the greater

efficiency in its producing power per unit of time. This should also express it-

self in a demand for a constructive and more wholesome program of recreation

to furnish an outlet for the proper utilization of increasing amounts of spare

time and unemployed energy, if we are to capitalize fully on the real profits from
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industry. The trend in this direction is already indicated in the demands espe-

cially expressed to us for research in the fields of floriculture, golf course manage-

ment, landscape gardening, and in the culture of ornamental plants. In flori-

culture, golf course management, and landscape gardening the Massachusetts

Station has already made sufficient progress in its investigations to show not

only that scientific methods have a place in these fields, but that the results found

are worthy of practical introduction and therefore are appreciated. Since New
England in general, and Massachusetts in particular, is favored because of natural

beauty and is rapidly becoming recognized by tourists and summer vacationists

as one of the plaj'grounds of America, it may not be inconsistent to extend

increased consideration to a program of research wherein this asset can be capi-

talized for purposes of promoting the recreational and the aesthetic. At any

rate we shall be confronted with an increasing demand for service in this field

as time goes on.

DEPARTMENT OF AGRICULTURAL ECONOMICS
Alexander E. Cance in Charge

The Economic Worth to Growers of Different Varieties of Apples.

(Lorian P. Jefferson). This project, begun at the request of the Pomology

Department, should be completed in 1932. At least one member of the Pomology

Department is of the opinion that such a study would be of greatest value if

continued for ten years. It has, however, been increasingly difficult to get from

the growers consecutive annual figures for their orchards. One or two of the

orchardists who gave reports for the first years of the study, met with untoward

events, and their orchards could not be included the following year. One or two

others gave figures one j^ear, but because of lack of interest, did not wish to give

them thereafter. The number of orchards from which reports are now available

is much smaller than at first.

Consumer Demand for Eggs. (Lorian P. Jefferson). The field work on

this project has been completed and nmch of the tabulation. Some few sections

of the report are in the first draft.

Changing Methods of Wholesale Distribution of Perishables. (Lorian

P. Jefferson). It is the general opinion of dealers that the great factors in bring-

ing current changes in the wholesale marketing of perishables are the traveling

jobber and the chain store. The work done on this project has been thus far

confined largely to a study of the place of the traveling jobber in the marketing

of fruits and vegetables.

The traveling jobber has been known in some markets for 10 or 15 years,

but in the main he is a newcomer. The business requires little capital, just enough

to get possession of a truck and perhaps paj- for the first load of produce. Two
classes of these jobbers are found: (1) The one does a legitimate business, per-

forming a real service to the retailer with whom he deals. He buys as good prod-

ucts as the retailer desires and distributes them regularly over a regular route.

He is a reliable customer of the wholesaler. Occasionally he buys also from the

producer. (2) The other buys on a glutted market or when he can see a chance

to make a profit. In general neither the wholesaler nor the retailer likes him.

The wholesaler will not extend credit to this class, and many of the retailers-

report that they do not buy from them.



194 MASS. EXPERIMENT STATION BULLETIN 280

The oh lin store apparently has had no easy path in distributing perishables,

a line which was not handled until eoinparativcly recently. Their stores were

not fitted to house fruits and vegetables, nor had they buyers or clerks who were

acquainted with these products. This has apparently meant loss in handling

perishables, and it is reasonable that this should cause much concern among

chain store officials.

The development of the terminal market is another factor in current market

changes. Some attention has been given to the South Boston Market Terminal.

Statistics have been secured regarding the volume of various products handled

there since the opening in 1927. Other material is availa})le for the further study

of the influence of this market.

Analysis of Market Prices for Massachusetts Vegetables. (H. B. Rowe.)

The price and supply series used as the basis for this study have been extended

to cover a ten-year period. More complete and precise analysis of the data,

along the lines previously reported, has made possible the measurement of cer-

tain important trends and seasonal tendencies, as well as approximate statements

of the relationships between local vegetable prices and such important price

determinants as local supply, shipped-in supply, price level and business activity.

Recreational and Forestry Uses of Land. (David Rozman). The field

work in connection with this project has now been completed and the material

is being prepared for publication.

This study analyzes the present condition of abandoned farm land areas in

Massachusetts and makes recommendations for the policies to be pursued in

bringing about a balanced program of land utilization in the Commonwealth.

Housing Conditions and Problems in Part-Time Farming. (David

Rozman.) During last summer an investigation was made of housing conditions

and problems in part-time farming in Massachusetts and other New England

states. The results of this investigation, together with recommendations, were

presented in a report for the President's Conference on Home Building and

Home Ownership.

Factors Affecting the Price of Eggs. (A. H. Lindsey). The small amount

of time allowed for this project was expended on increasing the accuracy of out-

look reports. Correlation between prices of eggs and meat prices indicates very

little relationship. Storage margins have very little effect on the amount of eggs

stored the following year.

The Relation of Quality Factors to Price of Eggs. (A. H. Lindsey).

Work on this project is now completed and it is in manuscript form. The tabular

analysis has been made during the last year with the following results:

Weight, as in the correlation analysis, varied directly as the price; quality

varied with price through most price ranges, but premium prices did not insure

best quality; the average quality of eastern eggs was invariably better than the

average quality of western eggs. Price of storage eggs showed very little rela-

tionship to quality, but weight was directly related to price. The fact that eggs

were branded or labeled did not guarantee uniform quality.

Correlations were run between the external factors, as number of dirty eggs,

uniformity of color, uniformity of size, and i)rice. The range in weight of eggs

within the dozen had no apparent influence on price. The number of eggs off color

reduced the price per dozen from }4 to 1^2 cent per off-color egg. The reduction

in price per dozen for each dirty egg was about J^ cent.
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Competitive Factors Influencing the Supply of Market Milk and

Cream. (A. H. Lindsey). Lack of time prevented additional work on this proj-

ect, except for a survey of the Springfield milk market.

DEPARTMENT OF AGRICULTURAL ENGINEERING

G. I. Gunness in Charge

Investigation of Apple Storages. (C. I. Gunness). The study of apple

storage carried on in cooperation with the Department of Pomology indicates

that Mcintosh apples can be stored at a temperature somewhat higher than

32° for a short time after harvest, if they are subsequently cooled to 32° for the

balance of the storage season. A system of management whereby apples are

kept at a temperature ranging from 40° to 45° during the first week after picking,

with the temperature gradually reduced to 32° by the middle of October, results

in no appreciable shortening of the safe storage season. This management per-

mits a considerable saving in the cooling equipment required.

A study of the use of blowers as compared with wall coils indicated no ten-

dency for the air blast to dry out the fruit during the 1930-31 season. This

study is being continued during the present storage season.

In order to study the effect of humidity on the storage of apples, three cab-

inets were installed this season in three storage rooms maintained at different

temperatures. Each of the cabinets has three chambers in which apples are

stored. One chamber in each cabinet is maintained at a relative humidity of

65 per cent, one at 75 per cent, and one at 90 per cent. It is too early to comment

on the outcome of this study.

Fertilizer Distributors. (C. I. Gunness). A device has been perfected for

applj'ing liquid fertilizers to golf greens or lawns where water under pressure is

available. By this arrangement a relatively heavy application of fertilizer can

be made without danger of burning, as the fertilizer solution is diluted by the

water spray and evenly distributed.

Test of Low-lift Pumps. (C. I. Gunness). Two pumps were tested at the

Cranberry Station at East Wareham during the summer. The tests indicate

that where electric power is used, the self-contained pumping unit has a higher

efficiency than can be obtained through the use of the large low-speed pumps
which are commonly used on cranberry bogs.

DEPARTMENT OF AGRONOMY
A. B. Beaumont in Charge

Pasture Experiments. (A. B. Beaumont and E. F. Gasldll). The top-

dressing of certain areas on the Tillson and Hobart farms and on ten farms in

Worcester County was continued in 1931 with results quite similar to those of

preceding years. Considerable evidence has now been accumulated which shows

that run-out upland pastures of Massachusetts are deficient in calcium, phos-

phorus, potassium, and nitrogen.

Further evidence was obtained of the toxicity of nitrate of soda for a moss

{Polytrichum commune), common to run-out, upland pastures of New England.

Both the Chilean and the synthetic nitrate of soda exerted this toxicity, but it

was not shown by several other commonly used nitrogen fertihzers.
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Additional evidence of the superior palatability of timothy as a pasutre grass

was secured. Holstcin cows did not discriminate between timothy, Kentucky
blue grass and redtop in the early stages of growth ; but from the time the grasses

were four inches or more high, the preference was first, timothy; second, redtop;

third, Kentucky blue grass.

In cooperation with the Department of Animal Husbandry, a test was made
of the Jerusalem artichoke as a midsummer and late summer pasture crop for

dairy cattle. It was found that the crop furnished pasturage comparable in

amount to that supplied by the temporary crops, oats, Sudan grass and Japanese

millet. Most of the animals used in the experiment were slow in becoming accus-

tomed to the new crop, though some ate it very readily.

Legume Variety Tests. (Wni. L. Jones and A. B. Beaumont in coopera-

tion with E. A. Hollowell, Bureau of Plant Industry, U. S. D. A.).

Alfalfa. In the 1929 seeding, Argentine yielded the highest (4.92 tons in 2

cuttings), followed by Kansas, Hardigan, Nebraska, Ontario, Dakota Common,
Disco, Utah, Italian, Hungary, Dakota 12, Arizona, South African, New Mexico,

Ladak, Turkestan, Hairy Peruvian (3.20 tons). The field was covered with snow

from the middle of December, 1930, till the first of March, 1931, which probably

accounts for the good showing made by some of the southern strains. In the

1930 seeding, the yields were uniformly high, the order being: Dakota Common,
Hardigan, Italian, South African, California, Ladak, New Mexico, Grimm,

Hungarian, Argentine, Kansas, Oklahoma, Turkestan.

Red Clover. Eighteen American and European strains of red clover were

tested. Owing to heavy August rains it was possible to make only one cutting,

and that was fairly heavy for all strains. In general, American strains outyielded

European strains and maintained the stand better through the season.

Vetch. Five varieties seeded in August, 1930, were so weedy in the spring of

1931 that it was not considered worth while to obtain yield data. Stand was

best for Wooly Pod and Hairy, intermediate for Oregon Hairy and Oregon

Common, and poorest for Hungarian. In the spring seeding of 1931, highest

yield of hay was obtained from Oregon Pearl (1.44 tons per acre), followed in

order by Hairy (15760), Oregon Common, Hungarian, and Smooth (15851)

(1.04 tons). Experience thus far indicates that neither spring nor winter vetches

are promising for this section.

Sweet Clover. In the experiment on date of seeding hulled (scarified) and un-

hulled sweet clover, best stands were obtained from seed sown in early December

and January. In scedings made from February to May the stand decreased with

advance of the seeding date, that is, the May seeding gave the poorest stand.

There was no essential dilTerence between the hulled and unhulled seed. All

seedings were made on the surface of plowed and harrowed soil or on the snow

covering.

Field Peas. Chang again yielded the most hay, followed in order by Golden

Vine, Multiplier, Wisconsin Common, and O. A. C. 181; but owing to a bad

infestation of aphids, the yield of each variety was less than 1 ton per acre.

Soy Beans. Of 20 varieties of soy beans, the following 10 yielded the most

hay in decreasing order: Dunfield (3.04 tons). Chestnut, Habaro, Black Eyebrow,

Medium Green, Harbinsoy, Pinpu, Mansoy, Soysota, Ito San (2.54 tons). Of

these, Dunfield, Habaro, Medium Green, and Harbinsoy have been among the

highest yielding 10 varieties for the past three years, Dunfield always leading.
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Field Experiments with Onions. (M. E. Snell and A. B. Beaumont).

Fertilizer Ratios. Except for a few changes the fertihzer and lime experiments

with onions were conducted as they were last year. One ton of lime per acre was
applied to the south half of all plots, making possible a comparison between
three 1-ton and one 2-ton applications over a period of seven years. Nine of the

former cover-crop check plots, used last year for 6-8-8 plots, were changed over

to 2-12-8 and 6-12-8 plots. (Figures refer to percentage of NH3, P.Os, and KjO.)

The 4-12-8 organic gave appreciably higher yields this year, followed in order by
the 4-12-4, 6-8-4, 4-7-4 (2-1-0 first top-dressing), 4-8-4 (nitrate top-dressing),

and 8-16-8. The 2-12-8, 4-8-8, 6-8-8, and the 4-12-8 inorganic were all inferior to

their adjacent checks. The three 1-ton applications of lime gave higher yields

than one 2-ton application in almost every treatment. One ton of lime, applied

to the plots of the old lime series which had had heavy applications in 1925, had
a depressing effect on yield. Extra applications of superphosphate alone or with

lime increased the yield, but of the two the lime seemed to be the more effective.

Size of Sets. Following the line of work started last year, a comparison was
made of commercially graded sets ranging from M to K inch with specially

graded sets ranging from K to % inch, to determine whether the range in size

of set could be broadened to include more sets without lowering their value for

planting. It was found that the commercially graded sets produced a larger

percentage of split bulbs and seed stalks as well as a greater variation in size of

bulb. After all bulbs which were small, divided, or had seed stalks were deducted

from both grades, it was found that the specially graded sets produced slightly

more bags per acre than the commercially graded sets.

Groimng Onion Sets. An experiment conducted last year showed quite conclu-

sively that a medium-sized set was far more desirable for planting than either

small or large sets. This made it desirable to know how to grow sets which would
give a maximum number of the medium-sized sets. Accordingly an experiment

was planned having two fertilizer levels, two widths of rows, and three rates of

seeding. Best results were produced by .50 pounds of seed and 500 pounds of

fertilizer per acre and 2-inch rows.

Onion Breeding. (M. E. Snellj. This project has been developing grad-

ually and expanding along the lines adopted at the beginning. Of the 80 strains

and varieties tried, 36 have been discarded as inferior. The past season 992 bulbs

which were selections from 142 of the better groups selected from the 1344 lots

of bulbs grown in 1930, were planted for seed production. These bulbs repre-

sented 31 of the remaining 44 strains. Of the 142 groups planted for seed pro-

duction, 13 were used in some crosses which were started this year. Vegetable

parchment paper bags were very successfully used for covering the self fertilized

heads in place of the cheesecloth coverings formerly used. The paper bags should

be much more effective in preventing cross fertilization and seemed to give

flowers and seeds better protection from unfavorable weather. The past season

284 lots of bulbs representing 14 of the original strains were produced from seed,

165 of them from self-fertilized seed and 118 from mass-fertilized seed. It has

been observed that within groups there is a marked tendency toward uniformity

of characters in the growing seedlings, the grown bulb, and the second-year

plants. Some of the more outstanding characterisitcs are: color of leaves, coarse-

ness of leaves, and early dormancy in the seedlings; firmness, shape, skin texture,

and keeping quality in the bulbs; length of seed stalk, earliness of bloom, produc-

tion of viable seed, and number of seed heads per bulb in the second-year growth.
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Field Experiments with Tobacco. (A. B. Beaumont and M. E. Snell).

Yields of tobacco in the field experiments were above average in 1931, but not

quite so good as in 1930.

Cropping Systems. The highest yield (1816 pounds cured tobacco per acre)

was obtained from plots which received a full ration (3500 lbs.) of commercial

fertilizer (4.1%N, 4% PjOs? 5% KjO) and had a cover crop of redtop the previous

winter. Rye and timothy also, as cover crops, were beneficial but not to the same
degree as redtop. Three-fourths ration of commercial fertilizer supplemented by
10 tons manure produced more tobacco than fertilizer alone, and about the

same as a full ration of fertilizer with cover crops. A cover crop of timothy had

a slight depressing effect on the results from manure and fertilizer. Low yields

of tobacco were again obtained in the animal husbandry rotation (corn, timothy

or clover, and tobacco). The yield of tobacco in this rotation was somewhat
better after clover than after timothy, but following both crops only about

two-thirds that of tobacco grown in continuous culture.

Different Quantities of Nitrogen. The highest yield (2025 lbs.) was obtained

with 205.6 pounds nitrogen per acre, followed by 1953 pounds tobacco from

164.5 pounds nitrogen, 1727 from 123.4 and 1513 from 61.7. These figures are

more in accordance with the mean of the past several years than were those of

last year.

Different Carriers of Nitrogen. Where tobacco was preceded by timothy sod

two years ago, the largest yield was obtained with ammonium sulfate, followed

by sodium nitrate, cottonseed meal, and the standard mixture. Where timothy

sod immediately preceded tobacco, the order of production was urea, ammonium
sulfate, sodium nitrate, standard mixture, and cottonseed meal; but all these

yields were only about three-fourths those from plots having corresponding

treatments, but two years removed from timothy sod. L^rea was introduced in this

experiment for the first time this year and only on plots immediately following sod.

Method of A pplying Fertilizer. A full ration applied in the row caused some
stunting of plants, but in the end produced more tobacco (1996 lbs.) than the

same amount applied broadcast (1906 lbs.); three-fourths ration in the row

produced slightly less (1883 lbs.) than the full ration broadcast (1906 lbs.);

and one-half ration in the row produced considerably less (1677 lbs.) than the

full ration broadcast (1991 lbs.).

Miscellaneous. Milorganite, an organic fertilizer made from processed sew-

age, again proved a good substitute for cottonseed meal for tobacco, producing

1911 pounds cured tobacco. The quality of last year's crop from this material

was slightly below that from cottonseed meal.

When ground tobacco stems were substituted for potassium salts as the car-

rier of potash in the standard fertilizer mixture, the yield of tobacco was 1459

pounds, while that from the standard mixture was 1689 pounds.

Nitrogen Metabolism in the Tobacco Plant. (W. S. Eisenmenger.)

Tobacco plants grown in nutrient salt solutions were analyzed for total nitrogen

and for the following nitrogen fractions: ammonia, nitrates, alpha amino acids,

amides, water soluble albumen, proteose, and humin. Relativel}^ large amounts

of inorganic nitrogen were found in the plants. The plant parts arbitrarily chosen

for analysis were roots, stems, midvein of leaves, and the residual part of leaf

after midrib was removed. Although no categorical statement can be made as

to the exact location of reduction of nitrate nitrogen in the plant, inferential

evidence from the analyses would indicate that this process takes place at or

near the midvein of the leaf.
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Magnesium Requirements of Crops. (A. B. Beaumont and M. E. Snell)

In a field experiment, corn, potatoes, timothy, alsike clover, soy beans, and

onions were grown on soil known to be deficient in magnesium. Only corn

showed distinct symptoms of magnesium deficiency by chlorosis of the leaves.

There were some indications of chlorosis on soy beans and alsike clover, but they

were not positive. However, with all crops except timothy, yields were better

where magnesium sulfate was apphed in recent years than where magnesium

sulfate was not applied. Magnesium-deficient soils taken from the field in 1929

were used to grow corn, potatoes, timothy, alfalfa, red and alsike clover in pots.

Here, also, only corn exhibited positive symptoms of magnesium deficiency.

Method of Applying Fertilizer to Corn. (A. B. Beaumont, E. F. Gaskill

and R. W. Donaldson.) For the fourth consecutive year this test has been con-

tinued according to the standard plan prepared by the Joint Committee men-

tioned in the last annual report. Again it has been demonstrated that, under

our conditions, a small amount of mixed fertilizer (4-10-6 grade) is more effective

for corn when placed in the hill than when broadcast. Both the 125-pound and

250-pound applications in the hill produced more and better ears of corn than

did 500 pounds broadcast. The exact placement of the fertilizer with reference

to the seed made no difference so long as it was in the hill and near, but not in

contact with, the seed.

Fertilizer Ratios for Grassland. (A. B. Beaumont and M. E. Snell). In

1928 an experiment in the top-dressing of an old mowing (meadow) was started.

A mixed fertilizer with a varying ratio of nitrogen, phosphoric acid and potash

has been used. Comparisons have been made by maintaining two of the nu-

trients at a constant level and varying the third. Data accumulated through

four years show a distinct response to increments of nitrogen, a slight response

to increments of potash, and no response to increments of phosphoric acid.

Nitrogen in Golf Green Clippings. (M. H. Cubbon). In 1928, clippings

from greens in the vicinit}^ of Amherst contained slightly less than 3 per cent

nitrogen (dry matter basis) the first week in May. By the first of June the

nitrogen content was 5 per cent. This general level was maintained until the

latter part of August, with pronounced reduction after September 1. The high-

est individual percentage found was 5.92. Growing conditions were favorable

throughout the season. No increase in nitrogen was found following application

of nitrogen fertilizers.

Lawns and Lawn Grasses and Management. (L. S. Dickinson). Exten-

sive studies have been made as to the desirability of pre-seeding fertilization of

newly built lawns or other turf areas. The object of the studies was to obtain

further data concerning the effect upon the balance between root growth and
leaf of grasses when fertilizer is applied before seeding. Nitrogen, phosphorus,

and potash were applied singly and in various combinations, and the grasses

grown were Kentucky blue grass and Colonial bent. The results indicate that on
normal soils pre-seeding fertilization with anything but superphosphate or a

strictly phosphorus carrier is unnecessary and even undesirable if a well-balanced

grass plant is desired. The project was made possible by the New England
Greenkeepers' Association.

Additional data have been obtained regarding the influence of certain fer-

tilizers and grasses on the control of angleworms in putting green turf.
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The plots maintained in cooperation with the United States Golf Association

continue to furnish interesting data, and the value of complete fertilizers with

high nitrogen content is very obvious on the closely clipped putting green turf.

On the eight-year campus lawn plots with Kentucky blue grass, cottonseed

meal continues to produce such a healthy stand of grass that weeds find no room.

DEPARTMENT OF BACTERIOLOGY
Leon A. Bradley in Charge

Nitrogen Fixation in tlie Presence of or as a Result of Legumes versus

Non-Legumes. (.J. E. Fuller). Nitrogen fixation .studies comparable with

those previously published (L. A. Bradley and J. E. Fuller, Soil Sci. 30: 49-57,

1930) were made. Samples were taken from the various sections of the experi-

mental plot in the spring (1931) before the crop was planted, and in the fall

after the crop was harvested. Nitrogen fixation at both seasons appeared to be

reasonably constant and generally distributed over the plot. There was no sig-

nificant difference noted between the legume and non-legume strips. This agrees

with findings of 1926 and 1928, reported in the publication mentioned above.

In order to estimate the quantitative distribution of nitrogen-fixing microorgan-

isms through the plot, studies were made of the various soil samples by a dilution

method. The dilutions employed were 1 in 100, 1 in 1000, and 1 in 10,000, and

1-cc. quantities were inoculated in Ashby's solution. In soil samples taken in the

spring there was no nitrogen fixation from any except the 1 in 100 dilution.

The samples taken in the fall gave definite nitrogen fixation from all dilutions,

indicating an increase in the number of the nitrogen-fixing microorganisms dur-

ing the season. There was no difTerence between the legume and non-legume

strips.

The activity of the soil in nitrifying dried blood and ammonium sulfate, and

in decomposing cellulose, was studied. Both functions were active and generally

distributed over the whole field. There was no difference between the legume and

non-legume strips. These studies were made on the soils collected in the spring.

Studies on the samples collected in the fall have not been completed.

The fertilizer treatment of the plot, and the crop planted on it, are reported

under the same title as that above by the Department of Plant and Animal

Chemistry (F. W. Morse).

Utilization of Mannite by Azotobacter. (J. E. Fuller.) The practice of

reporting the amount of nitrogen fixed by bacteria as milligrams of nitrogen per

gram of consumed mannite appears to be faulty. The mannite rarely is entirely

consumed; and in 100 cc. quantities or less of culture media, it is impractical to

estimate the amount of residual mannite. Experiments showed that soil inocu-

lum and pure cultures of Azotobacter, each supplied with 10-gram quantities

of mannite, fixed only slightly more than twice as much nitrogen as was fixed

when 2-gram quantities of mannite were supplied.

Influence of Temperature on the Nitrate Content of Soil in the

Presence of Decomposing (Cellulose. (.J. E. Fuller and L. H. Jones.) Com-
post soil -uath one per cent added cellulose (filter paper) was incubated for 6

weeks at temperatures of from 10° C. to 35° C, at intervals of two and three

degrees. Nitrate tests were made each week. At temperatures of 25° to 35°

there seemed to be sufficient nitrification to replace the nitrate loss in the presence
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of cellulose. A nitrogen-poor soil with one per cent added cellulose (wheat straw)

was treated in the same way as the compost soil. At all temperatures there was

loss of nitrates in the presence of cellulose. Sodium nitrate, calcium carbonate,

and calcium sulfate added to the soil separately and in combination at tempera-

tures of 15° C, 25° C, and 35° C, did not prevent nitrate depletion in soil to

which cellulose had been added. The loss of nitrate appeared to be greater when

the calcium carbonate alone was added to the soil.

Laboratory Service. (Ralph L. France.) A total of 1,24S examinations

was made in this laboratory during the past year. Briefly summarized they may

be classified as follows:

Bacterial counts of milk 1,033

Sanitary analysis of water 149

Miscellaneous 66

Under miscellaneous are included examination of milk for garget or other

abnormal udder conditions, examination of various food products for organisms

causing spoilage, and chemical analysis of milk.

The total number of bacterial examinations of milk has increased materially

over previous years. This is a clear indication not only that the laboratory is

providing valuable service to the milk control program of the Valley, but also

that dealers and producers now realize that a clean, wholesome product influences

purchase by the consumer.

The total number of legume cultures distributed during the year has decreased

considerably. In all probability this is due to the statewide distribution of

cultures prepared by commercial concerns under the supervision and control of

the United States Department of .\griculture.

The Indol Tolerance of the Colon-Aerogenes Group of Bacteria as a

Possible Means of Differentiating Fecal and Non-Fecal Strains Occur-

ring in Drinking-Water Supplies. (Ralph L. France.) The preliminary

work on this project has been completed and the data are being assembled for

publication. The results indicate that the methods for sanitary w-ater analysis

now employed in the majority of laboratories may lead to inaccurate interpreta-

tion of experimental results. Experimental evidence seems to indicate the

necessity of submitting Colon bacilli found in water to various biochemical tests

for the differentiation of fecal and non-fecal types of this organism rather than

placing an interpretation of sanitary quality upon the routine Endo plate and

lactose broth fermentation. A discrepancy of 40 per cent was found to exist

between these two confirmation methods. The writer now proposes to submit

these fecal and non-fecal strains of the Colon bacillus to various dilutions of

indol in an effort to determine a possible difference in the indol tolerance of the

organisms.

DEPARTMENT OF BOTANY
A. Vincent Osmun in Charge

Tobacco Black Root-Rot. (W. L. Doran). Loss in yield of tobacco in

plots last limed in 1923 is decreasing. The decrease in yield caused by black

root-rot in these plots is now only about 16 per cent, or one-third of what it was

in 1925. But the soil in these limed plots has not yet become any more acid.
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An application of sulfur (500 pounds per acre) to a field, the soil of which had

an initial pH of 6.4, lowered the pH value to 6.1, but this was insufficient to

prevent infection of tobacco by Thielavia, and growth of plants was not affected.

Yields of tobacco have been increased consistently when sulfur has been applied

to a soil infested with Thielavia if the pH value of this soil was lowered by the

sulfur to below 5.9, but not otherwise.

Liming was without any effect on the fire-holding capacity of the tobacco

grown in 1929. In the case of the crop of 1930, the burn of the darks was im-

proved, but the burn of the seconds was not affected by lime. Sulfur (400 pounds

per acre) did not reduce the fire-holding capacity of the leaf grown in 1930. Burn

of the darks was better in plots in which tobacco was grown every year than in

plots in which tobacco followed timothy or alfalfa.

In 1930, the quality of tobacco grown in limed plots was as good as that in

plots not limed. In earlier years, both yield and quality of tobacco have been

lower in limed plots.

In pot experiments, soil pH values were not significantly lowered by alum-

inum phosphate alone, and they were lowered as much by sulfur alone as by sul-

fur with aluminum phosphate. When these treatments were applied to soil

infested with Thielavia basicola, the severity of black root-rot was reduced and

growth increased as much by sulfur alone as by sulfur and aluminum phosphate

together.

Brown Root-Rot of Tobacco. (W. L. Doran). With the cooperation of

H. D. Ilaskins, it was found that soils in which brown root-rot was most severe

were characterized by high water-holding capacity, high content of clay and

silt, and low content of sand. Soils in which brown root-rot was mild or from

which it was absent, were characterized by high content of sand, low water-

holding capacity, and low content of clay and silt. No consistent relation was

found between the severity of brown root-rot and pH value of soil, soil content

of organic and volatile matter, total nitrogen, nitrate nitrogen, or iron and

aluminum oxides soluble in water.

The effects of ammonium thiocyanate on brown root-rot and growth of to-

bacco are being investigated.

Onion Diseases and the Use of Fungicides on Onions. (W. L. Doran).

As in earlier years, this work was done in cooperation with A. I. Bourne. There

was no downy mildew, but blast was severe in 1931, appearing, as in 1927 and

1928, about the third week of July.

The onset of blast was delayed, but not prevented, by spraying with Bor-

deaux mixture. Yields were increased somewhat, however, in all plots sprayed

4 times with Bordeaux mixture. As in the previous three years, copper-lime dust

was of no benefit.

Growers who find the ownership of a power sprayer feasible, and who spray

onions with nicotine sulfate for thrips, may, on the basis of the results of these

experiments, expect some further increase in yield if Bordeaux mixture is used

with nicotine sulfate; but there is no e-\adence that the purchase and use of a

power sprayer solely for the application of Bordeaux mixture to onions would

be profitable in the average year in Massachusetts.

A report of this work has l)een published in Bulletin 279.

Downy Mildew of Cucumbers. (\V. L. Doran). In each of the six years

ending in 1930, this disease has always occurred in Massachusetts; but it was

not found in 1931, although many fields of cucumbers were examined at weekly
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intervals until the plants were killed by frost. The occurrence of the disease

here seems to have no relation to summer rainfall. Lack of primary infection

rather than failure of the disease to spread would seem to explain its absence.

There is no positive evidence that the causal fungus, Peronoplasmopara

cubensis, ever lives through the winter in Massachusetts. (It is usually present

in greenhouses here in the fall and early winter, but has never been seen by the

writer on the spring greenhouse crop.) This year, as in earlier years, oospores

and other wintering-over stages were looked for, both in green leaves and in

leaves killed by the disease and wintered in the soil outdoors, but none were

found. As before, no infection resulted from the inoculation of cucumbers with

inoculum consisting of cucumber leaves killed by tlowny mildew and buried in

the soil in the field during the winter.

It has often been suggested that the fimgus, wintering-over in Florida, may
move northward with the crop and the advance of the season each spring and

summer. In 1931, downy mildew was much less severe than usual south of here,

notably so in Florida, Georgia, West Virginia, Delaware, and Connecticut. It

was present as usual in Connecticut in 1930, but only a trace of it was found in

that State in 1931, and that not until about two months after its usual date of

appearance in the Connecticut Valley. There was, therefore, a minimum chance

of the fungus reaching Massachusetts from states further south.

Acetic Acid and Pyroligneous Acid as Soil Disinfectants. (W. L.

Doran). Damping-off was prevented, without injury to germination and with

benefit to growth, by soil treatment with acetic acid 1.2 per cent, 2 quarts per

square foot, 10 days before seeding. The cost, for a unit area of soil, was three-

fourths that with formaldehyde. Damping-off was prevented, with no injury to

germination, by vinegar 1 part diluted with 2'^ parts of water (by volume)

applied at the rate of 2 quarts per square foot 10 days before seeding. Seedlings

of red pine were protected against damping-off, and germination was not injured,

by acetic acid 0.8 per cent applied to soil at the rate of % quarts per square

foot at the time of seeding.

Pyroligneous acid, 4 parts diluted with water to a total of 100 parts (by

volume), applied to soil at the rate of 2 quarts per square foot, protected seed-

lings against damping-off and did not injure seed germination even when applied

to soil as late as 1 day before seeding. Per unit area of soil treated, the cost of

pyroligneous acid was about 58 per cent of the cost of formaldehyde. The
effect of pyroligneous acid on onion smut is now being investigated.

Eggplant Wilt. (E. F. Cuba, Waltham). Study of the lower limit of toler-

ance of eggplant anil its Verticillium pathogene to pH values has been continued.

Inhibitory effect on growth of eggplant occurred from aluminum sulfate at pH
4.4-4.6, and from inoculated sulfur at pH 3.8-4.0. With aluminum sulfate there

was good control of Verticillium at pH values between 4.5 and 5.0, but no control

above pH 5.0; with inoculated sulfur there was some control at pH values be-

tween 3.8 and 4.8, but no control above pH 4.8. These results are in agreement
with those offered in the previous report, and show that the lower limits of toler-

ance of eggplant and its Verticillium pathogene to pH values are too close to

allow the practical use of sulfur or aluminum sulfate for obtaining the desired

range of pH in which control, or partial control, of the disease could be expected.

In field experiments, an application of one ton of inoculated sulfur per acre

lowered the reaction of the soil from pH 6.8 to 6.2. Aluminum sulfate at the same
rate of application lowered the reaction to pH 6.4. No control of wilt was obtained
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in either case. Other sulfur plots, continued from the previous season, gave
satisfactory control of wilt and also retarded growth of the plants, indicating

the difficulty attending artificial soil acidification. No further work on this

project is contemplated.

Strawberry Gold Disease. (E. F. Cuba, Waltham). Seed from strawberry

plants affected with gold disease produced both diseased and disease-free seed-

lings, indicating seed transmission of the disease. Marked stunting and necrosis

was associated with seedlings exhibiting this trouble. Experiments show that

all the vegetative progeny of "gold" plants acquire the disease. Strawberry

beds started with plants from beds free of gold disease remained free; but when
new beds were propagated with plants free of the symptoms of the disease but
from a source in which the disease was present, its prevalence in the new bed
was not reduced. The selection of disease-free plants from a gold-disease source

for starting new beds, with subsequent roguing of all plants showing symptoms
of the trouble, failed to control the disease. Aside from the systemic nature of

this disease, no evidence has been obtained to show the manner of spread.

Control of Greenhouse Vegetable Diseases. (E. F. Guba, Waltham).
Tomato leaf-mold. Efforts to control this disease by automatic adjustment of

air conditions have been continued. In the fall-winter of 1930-31, 28.6 per cent

less leaves infected with leaf-mold resulted with automatic humidity control

(relative humidity 80-85 per cent and temperature 60°-73°F.), than with auto-

matic temperature control (temperature 60°-65° F.), and the average total yield

of tomatoes per plant with automatic humidity control was 1.09 pounds less

than with automatic temperature control.

In the spring of 1931, operation of controls was discontinued after May 15

and thereafter all available ventilation was provided. Leaf-mold did not appear

until June and eventually all foliage became infected, although the yield was not

influenced. The total average jield of tomatoes per plant was 1.64 pounds less

with automatic humidity control than with automatic temperature control.

A smaller amount of infected foliage and a lower yield have been associated

with automatic humidity control, while under automatic temperature control

and with careful management the prevalence of leaf-mold has never been great

enough to reduce the yield. The reductions in yield associated with automatic

humidity control appeared to be due indirectly to the higher temperatures needed

to effect the desired control of the relative humidity of the greenhouse air.

A study of the relation of temperature to spore germination and growth of

germ tubes is in progress.

A study of the reaction of a large number of tomato varieties to Cladosporium

fulvum Cke. shows differences in the susceptibility. Further work is in progress

to determine the feasibility of hybridizing tlesirable market types with t^'pes

resistant to h^af-mold.

A manuscript dealing with the temperature and humidity relations of the

causal organi.siii and the relation of greenhouse air management to control of

leaf-mold is being prepared.

Effect on plants of hydrocyanic acid gas after treatment with copper sprays.

This work is being done in cooperation with Dr. E. B. Holland of the Chemistry

Department.

Cucumber plants \v(>re n(>ver injured \vh(ni fumigation with hydrocyanic

acid gas followed spraying with Corona Copper Carbonate (18 per cent and 50

per cent active Cu) or Holland's Basic Coppc>r Sulfate (26 per cent and 53 per
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cent active Cu). These diluted sprays are neutral to litmus. On adding calcium

hydroxide, injury followed gas and increased proportionately with the alkali

present. Acid copper fungicides, i.e., normal and basic copper acetate, Bordeaux

1-0.20 and 1-0.22, Burgundy mixture 1:0.3 and caustic soda Bordeaux 1:0.2

followed by gas caused severe injury. Copper sulfate solutions .05 per cent and

.07 per cent with gas were not injurious.

When gas followed spraying of cucumber plants with copper fungicides con-

taining calcium hydroxide, sodium hydroxide, or sodium carbonate, injury

always resulted. Even when the alkali component was reduced to make a mix-

ture neutral to litmus, injury resulted after gas.

Injury occurred regardless of whether hydrocyanic acid gas was evolved from

calcium cyanide or from sodium cyanide and sulfuric acid, and of whether

chemical hydrated lime or milk of lime was used in the preparation of Bordeaux

mixtures. The injured leaves always gave soluble copper, and the amount of

copper and the degree of injury increased approximately with the alkali present

in the fungicide.

Carbon bisulfide emulsion treatment for nematode-infested soil. Excellent re-

sults were obtained with both commercially prepared and homemade carbon

bisulfide emulsions applied to nematode-infested soil. In bushel boxes, soil

treated with the commercial product produced tomatoes with gall-free roots.

In pots, a homemade emulsion gave clean roots in all but one instance. In both

series of tests, the control plants were heavily infested. Repeated tests with home-

made emulsion in badly infested commercial greenhouses gave satisfactory

results.

Carnation Blight. (E. F. Cuba, Waltham). A more complete list of

varieties of carnations showing their reaction to the causal organism {Alternaria

dianthi S. & Hall) has been prepared as a result of further study.

The optimum temperature for growth of the organism in pure culture is

approximately 80° F. ; the minimum and maximum limits are approximately

39° and 97° F., respectively.

Salt 5 per cent and nicotine sulfate 0.2 per cent, combined in solution and

used for combating red spider, were not toxic to the conidia of Alternaria and

did not in artificial inoculation experiments provide satisfactory protection

against infection of potted plants. Salt solution possessed some fungicidal value,

but nicotine sulfate none.

Potassium permanganate 1-1000 strength proved a valuable disinfectant for

carnation cuttings. A 5-minute dip greatly improved rooting and provided rather

good disinfection of Alternaria inoculum accompanying the cuttings.

Further experiments confirm the superiority of naphthalene fumigation in

controlling Alternaria blight and Fusarium stem-rot as compared to water

syringe. A difference of 35.1 per cent in yield of No. 1 blooms in favor of naph-

thalene fumigation was obtained.

Bordeaux 4-4-50 to which was added 1 pound of calcium arsenate, the same
with the addition of }4 pint of fish oil, and Bordeaux 4-4-50 plus 14 pint of

fish oil, were the most efficient treatments in the field, their relative efficiency

being in the order given. A proprietary copper mixture, sulfur fungicides, and
dusting materials containing sulfur, calcium arsenate, monohydrated copper

sulfate, naphthalene, and lime gave no control of the disease.

Experiments show that outdoor planting, propagation before January,

benching after July 10, and drip from leaks in the greenhouse greatly increase

the hazard from Alternaria blight.
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Monograph of the Genus Pestalofia. (E. F. Guba, Waltham). This in-

teresting but taxononiically difficult group of fungi has been the subject of

critical study for several years. Part I, published in 1929, embraced a study of

46 species of which 30 were found to be distinct. Part II, of which manuscript

for publication is now complete, embraces a study of 52 described species of which

38 are distinct. A key to 68 species is appended.

In general the species are saprophytes or very weak parasites, capable of

infecting their suscepts only through injuries. In the absence of biologic studies,

no importance can be attached to published reports crediting species of Pestalotia

as being true parasites.

Forcing Gladiolus with the Aid of Artificial Light. (L. H. Jones).

Four greenhouse plots were planted with Crimson Glow gladiolus on September

6, 1930. The corms had been in cold storage since the previous March and

germinated perfectly. They were planted 6 inches apart each way with a total

of 70 corms in each plot. Two alternating plots were illuminated from twilight

to dawn with 500-watt lights and were curtained off from the non-illununated

check plots. One check plot produced 3 spikes of blooms; the other check plot

produced none. In the illuminated plots, 81 per cent and 69 per cent of the

plants produced flowering spikes. The blooms in the check plot appeared three

weeks before blooms in the lighted areas. The best spikes in any plot were the

first to bloom. These occurred in the illuminated plots during the first 10 days

of January.

Eradication of Nematodes in Greenhouse Soils by the Use of Chem-
icals. (L. H. Jones). Progress has been made in substituting the liquid ortho-

dichlorobenzene for the dry paradichlorobenzene. By adsorbing the orthodichlo-

robenzene with diatomaceous earth, this chemical may be mixed with cyanogas

and this mixture applied to the soil in a dry state. In preliminary tests, this

mixture eradicated nematodes from a soil inoculated with large nematode galls.

It appears that orthodichlorobenzene has the property of aiding the soil in the

retention of hydrocyanic acid gas.

Plant Containers. (L. H. Jones). Non-porous containers made of paper,

glass, rubber, or metal will grow plants equal to those grown in standard clay

flower pots. Paper pots should have the fibers thoroughly impregnated and

bound together with some waterproofing material to prevent decomposition of

the container and consequent nitrogen deficiency in the soil. Non-porous con-

tainers lose soil moisture about half as fast as do clay pots. If a clay pot is kept

on a dry surface, it develops an uneven distribution of soil moisture, the lower

portion of the soil gradually becoming too dry for root action even though the

upper layer is moist. This condition is caused by the excessive evaporation of

soil moisture through the wall of the pot, for this loss of moisture is seldom

made up by the daily watering of the plants. However, if the clay pot is kept

on a moist surface, the evaporated water is replaced from without the pot and

not from the soil moisture. The practice of employing a moist bench for clay

flower pots, therefore, assures an even distribution of soil moisture. A non-

porous container cannot evaporate moisture through the wall of the container,

and, therefore, the moisture is conserved uniformly throughout the soil mass.

A full report of this work is given in Bulletin 277.

The conunon belief that aeration of the soil takes place through the wall of

the clay pot may possibly be true when the pot itself is dry; but if the pore

spaces are filled with moisture, which is the usual condition in greenhouse prac-
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tice, it is probable that the necessary aeration of the soil can occur only through

the surface of the soil. It has been found in preliminary experiments that air

under slight pressure passes through the wall of a dry flower pot very slowly,

and yet this rate is thirty times as fast as the rate through a moist wall.

The reaction of the soil in regard to hydrogen ion concentration is not altered

by conditions in non-porous containers any more than it is in clay flower pots.

The soils in paper, glass and porous clay containers in which tomato plants had
been growing for 40 days all reacted the same to tests for acidity. The reaction

of soils in which geranium and petunia plants were grown for nearly four months
in glass and metal containers without drainage holes, was no different from that

of soil in the regulation clay flower pots. The reaction of the soil in paper pots

was not affected by keeping the pots on moist beds of cinders, soil, or sand or

on dry benches of wood and cement.

Influence of Light Quality on Plant Growth. (A. V. Osmun). In the

experiment to test the effect of Vita glass on plant growth and development, the

results were comparable with those of last year. Under Vita glass, radishes

seeded January 14 and harvested March 17 averaged 11.3 per cent heavier than

those grown under ordinary glass. Lettuce transplanted March 16 and harvested

May 21, averaged 14.2 per cent lighter in weight under Vita glass than under

ordinary glass. There was no appreciable difference in compactness of heads

between the two lots of plants. At no time since the experiment was started in

1928, have diff'erences been so marked as in the first tests, when the results were

strikingly in favor of Vita glass. In every test but one with radish. Vita glass

has given an increase in average weight of plants, while in only one test has

lettuce averaged heavier when grown under Vita glass.

Plant Diseases Observed in 1931, Not Heretofore Reported in Massa-
chusetts. ((). C. Boyd).

^^'ilt and black-rot of the following cucurbits caused by Mycosphaerella

citndlina (C. O. Smith) Gross.; vine infection only of summer squash and musk-
melon; fruit infection only of cucumber; both wilt and black-rot of winter squash,

pumpkin, cushaw, and vegetable marrow.

Leaf-spot of winter squash, pumpkin, cushaw, vegetable marrow, and cucum-
ber, caused hy Bacterium citciirbitae Bryan (determination of organism by Mary
K. Bryan, U.S. D. A.).

Leaf-spot of cucumber and muskmelon caused by Septoria cucurbitacearum

Sacc.

Bacterial .seedling blight of cucumber and summer squash (organism unde-

termined) .

Wilt of okra caused by VerticilUitm alboatrum Reinke & Berth.

Leaf-spot of turnip caused by Bacterium maculicolum McC.
Leaf and pod-spot of pea (bacterial, undetermined)

.

Dwarf or crimps of strawberry caused by the nematode, Aphelenchus jragariae

Ritzema-Bos. (determined by G. Steiner, U. S. D. A.).

"Stunt" or "die-out" of strawberry, suspected of being due to the virus of

the true Yellows disease; observed only in Marshall berries.

Leaf-blight and rhizome-rot of iris caused by an unidentified bacterium.

Unusual Outbreaks of Previously Reported Diseases. (O. C. Boyd).

Pusicladium scab of willows, rust and Gloeosporium leaf-blight of American ash,

leaf-blotch of horse-chestnut, apple scab, peach bacterial-spot, brown-rot of
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stone fruits, Macrosporium leaf-blight of carrots, black-rot of cauliflower,

bacterial-wilt of cucurbits, onion "blast," Cytospora canker of blue spruce,

hollyhock rust, bacterial-spot of delphinium, angular leaf-spot of cumcubers

THE CRANBERRY STATION
(East Wareham, Massachusetts)

H. J. Franklin in Charge

The arrangement of 1930, whereby the extension services of Plymouth and

Barnstable Counties maintained a service for the cranberry growers of the two

counties, was continued during the most active part of the summer season of

1931 with very satisfactory results.

Injurious and Beneficial Insects Affecting the Cranberry. (H. J.

Franklin). Numerous special comparative spraying tests with the black-headed

fireworm (Rhopobota vacciniana), in which nicotine sulfate and potash fish-oU

soap, nicotine sulfate and potassium oleate soap, nicotine sulfate and penetrol,

nicotine sulfate and lignin pitch-tannin mixture, pyrethrum extract, and pyre-

thrum soap were used, showed very clearly the marked superiority of a pjaethrum

soap spray over all the other materials tried. Moreover, these tests brought

out the fact that it pays to use 6 pounds of the commercial pyrethrum soap to

100 gallons of water instead of the 5 heretofore advocated. This amount of the

soap was also found advisable in tests with the false blossom leafhopper (Ophiola

striatula) . The results obtained by many experienced growers in commercial

practice during the season fully justified the results of these spraying experiments.

Tests with pyrethrum extract, pyrethrum soap, and nicotine sulfate and

potash fish-oil soap against the red-striped fireworm {Gelechia trialhamaculella)

confirmed previous results in showing that the nicotine sulfate spray is much

the most efficient against this pest.

Tests showed that a pyrethrum soap spray (6 pounds in 100 gallons of water)

is about as effective in killing moths of the cranberry girdler {Cravibus hortuellus)

as is the nicotine sulfate and soap spray (nicotine sulfate 1 qt., soap 4 lbs., water

100 gals.) commonly used to treat the black-headed fireworm.

In all the many tests made with it, pyrethrum extract was found so nmch
inferior to pyrethrum soap in its toxic properties that its use seems seldom

advisable for any cranberry pest.

Extensive dusting tests with various cranberry insects were carried out, the

dust used being pyrethrum and a gypsum carrier of 300-mesh fineness. ^Yhile

these tests should probably be continued, the results obtained seemed to show

plainly that such a dust is a satisfactory control for the false blossom leafhopper.

It also killed the moths of the black-headed fireworm and so possibly may help

as a control for that pest.

The general results of spraying with nicotine sulfate and soap to control the

cranberry fruit worm {Mineola vaccinii) on various bogs were observed carefully

and found to be not only encouraging but in some cases striking.

It is worth noting that the opinion is becoming pronounced among cranberry

growers that the spread of the false blossom disease has been notably checked

since treatments have been applied to control the leafhopper vector.

The life history of a species of Tiphia which is the main parasite of the cran-

berry root grub {Amphiconta vulpina) was largely worked out.
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Cranberry Photosynthesis Studies. (H. J. Franklin in cooperation with

the Bureau of Plant Industry, U. S. D. A.). This line of stud}^ was pursued very

intensively during the summer seasons of 1930 and 1931 by Dr. William H.

Sawyer of Bates College, given summer employment especially on this work,

and Dr. H. F. Bergman of the Bureau. The results of their work are now being

prepared for publication. A summary of their findings for 1930 and 1931 follows:

1. The climax of photosynthetic activity is reached by the middle of the

forenoon (on a clear day), and the sugar content of leaves falls off after midday.

This cycle of activity seems to be somewhat correlated with stomatal behavior,

for in general there is a tendency for the stomata to close by noon, particularly

if the temperature is high. It should be noted, however, that behavior of the

stomata is exceedingly erratic, and the stomata do not all open or close at the

same time, even in the same leaf.

2. The curve of sugar production in both the Early Black and the Howes
varieties is subject to wide fluctuations on different days, even under apparently

similar conditions of light and temperature. These fluctuations are in part cor-

related with the amount of sugar already present in the leaves; i.e., the gain in

sugar is more rapid after a cloudy day when the sugar content is low than when
the leaves start their photosynthetic activity with a sugar content already high.

3. Increase or decrease of reducing and total sugars usually, but not always,

corresponds on a given day.

4. The percentage of reducing and total sugars in proportion to the weight

of the leaves is consistently higher throughout the season in both young and
old leaves in the Early Black than in the Howes variety.

5. An average of sugar production over several consecutive days infiicates

that, while the amount of sugar relative to the weight of the leaves is higher

in the Early Black than in the Howes variety, the net amount produced over a

given period does not differ appreciably in the two varieties.

6. Beginning with the middle of August there is a marked reduction in the

amount of sugar present in both young and old leaves of both varieties. More-
over, it would appear that the withdrawal of sugar from the leaves, in comparison
with its formation, is greater than earlier in the summer; and except under the

most favorable conditions the withdrawal of sugar exceeds its formation.

7. The proportion of reducing sugars to total sugars in the leaves is less in

the latter half of August than earlier in the season.

8. In mid-season starch is present in cranberry leaves in an amount roughly

proportional to the maturity of the leaf. Little or no starch occurs in the rosette

of young leaves at the top of the upright, but the amount increases progressively

downward, including the old leaves. By the first of August, however, the starch

stored in the old leaves begins to be withdrawn, leaving the upper layer of pal-

isade cells first. Old leaves, by the time they turn 3'ellow and fall, are devoid of

starch.

9. During cloudy weather, or when the plants are kept in the dark, starch

is removed first from young leaves near the top of the upright. A week in total

darkness does not appreciably lower the starch content in the old leaves (leaves

of the previous year's growth) in mid-June, but all starch is removed from leaves

of the current season by such treatment.

10. In leaves of corresponding maturity there is usually more starch in

those of the Early Black than in those of the Howes variety.

11. In stems, the starch in uprights is restricted to the pith; the starch in

runners appears in the pith, wood rays, wood parenchyma, and outer cortex.

The older portions of the stem contain most starch.
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12. In the roots, starch occurs in the rays and the pericycle.

13. Oils begin to appear by the first of July in the most mature leaves of the

current season as intracellular globules m the chlorenchyma, most abundant on

the uppermost layer of palisade (tells. These oil globules are also present in old

leaves, even after they fall from the uprights. Oils in general are highly concen-

trated reserve foods, and in this case may help to promote new growth early

in the season.

Weather Observations. (H. J. Franklin). Daily local weather observations

were made and reported to the office of the Weather Bureau at Boston. Further

records bearing on frost forecasting were made for the station by observers at

North Harwich, East Gloucester, Carlisle, Fitchburg, Worcester, and Holliston,

Massachusetts, and Storrs, Connecticut.

Pump Tests. (In cooperation with the Department of Agricultural Engi-

neering). Several years ago Prof. C. I. Gunness tested the capacities and effi-

ciencies of all the important bog pumps at that time in general use and pub-

lished a paper on the work. This paper was well received by cranberry growers

and by pump manufacturers. Since that time several new types of low-lift pumps
have come into the field. As the demand was becoming urgent that these new
pumps be tested. Prof. Gunness most generouslj' undertook the work again,

building a special testing plant at the Cranberry Station in 1930. He tested one

pump in 1930 and completed the work during the summer of 1931, four pumps
in all being testetl, as follows: Fuller, Everson, Worthington, and Dayton and

Dowd.

Cranberry Varieties. (H. J. Franklin). The study of varieties was pur-

sued intensely during the early months of 1931. It was found that the species

Vaccinium macrocarpon Ait., to which all the cultivated varieties of cranberries

belong, comprises two important subspecies, and that wild hybrids between the

two are very common. The Howes and McFarlin varieties were found to be

such hybrids.

It was discovered that the ripe berries of most early and mid-season varieties

do not have a noticeable bloom, while the fruit of most late varieties does. It

has been supposed that the development of the wax of which this bloom is com-

posed was useful to the plant as an adjustment to drouth, but the discovery-

mentioned suggests that with the cranberry it should rather be regarded as an

adjustment to frost conditions.

Cultivated Blueberries. (H. J. Franklin). The first planting at the Cran-

berry Station blueberry patch was done in the fall of 1917 with about 300 un-

tested seedlings furnished by the Bureau of Plant Industry. (3ne of these seed-

lings has given an excellent account of itself and seems to be distinctlj' superior

for commercial purposes in New England, all things considered, to any other

variety so far produced. It should perhaps be patented. It has not yet been

given a name but bears the culture number 1239W of the Bureau of Plant In-

dustry. The particularly desirable features of this variety are:

1. X'igorous and plentiful wood growth.

2. Great productiveness. This bush seems to be considerably more pro-

ductive than any other so far commonly grown.

3. Size of berries. The berries maintain a good size uj) to the very last

picking in a way that those of no other variety do. \\'hile none of the berries
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reach the size attained by the largest ones produced by some other varieties,

the average size of all the berries is probablj^ greater than that of any other

variety.

4. Flavor of the berries. This is very good, though perhaps a bit too tart

to satisfy some.

5. Keeping quality of the berries. The keeping and shipping qualities of

the fruit appear to be as good as those of the berries of any variety, except pos-

sibly Pioneer and Kubel.

6. Picking quality. The berries pick easily and do not tear in picking. They
cling to the bushes well and maintain a satisfactory condition while doing so,

thus making frequent pickings unnecessary.

7. Cost of pruning. This is decidedly less than it is with some of the more
important varieties under cultivation, especially Cabot and Pioneer.

DEPARTMENT OF DAIRY INDUSTRY
J. H. Frandsen in Charge

Factors Affecting the Aging Time of Ice Cream Mixes. (K. E. Wright).

One phase of the work—the adsorption of lecithin on the fat globule in ice cream

—

has been completed during the year and is about ready for publication. The
following conclusions have been drawn:

1. It has been definitely shown that lecithin aids emulsifi cation of an ice

cream mix when incorporated under favorable conditions.

2. The high concentration of lecithin in buttermilk appears to be associated

with the low surface tension of the latter. Therefore, lecithin would tend to con-

centrate at the interface of a fat-serum dispersion to act as an emulsifying agent.

3. Proof has been presented that lecithin functions better as an emulsifying

agent when it is allowed to be directly adsorbed to the fat surface.

4. Cataphoretic measurements have failed to reflect any influence exerted

by varying amounts of lecithin and so tend to indicate a fat-lecithin-protein

system because protein influenced the behavior of the globules.

5. The reason for the failure of past attempts to improve whipping property

of an ice cream mix has been attributed to a disturbance of the hydrophilic col-

loidal nature of lecithin.

6. The aging of an ice cream mix has been considered to be a process of ad-

sorption of lecithin by the fat surface in which the amount of aging will tend to

be in inverse relation to the amount of hj'drophilic lecithin present.

The Utilization of Frozen Fruits in Ice Cream and Ices. (M. J. Mack
in cooperation with the Department of Horticultural Manufactures). This

project, which has included four different fruit crops, is nearing completion.

During the past year fruits, principally strawberries, have been frozen in

syrups varying from 30 to 60 per cent sucrose, 80 per cent invert syrup, and in

partial vacuum with either sugar or sugar syrups. These have been compared
with the standard pack containing 2 to 3 pounds of fruit to 1 of cane sugar.

These packs have been exaniined and then used in ice cream.

Fruit packed in 40 per cent syrup has been found to be the equivalent of, if

not superior to, the standard sugar pack. Fruit frozen under partial vacuum
has the advantage of no discoloration at the surface.

Fruit ice creams made from the above packs were found to be excellent.

The ice cream maker should feel free to buy frozen fruits packed in either sugar
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or sugar syrup (a 40 per cent syrup being most satisfactory), either plain or vac-

uum packed. Any of these methods are satisfactory for storing fruits for fruit

ice cream. The condition of fruit when packed, and the variety, seem to be as

important as the method of packing if the fruit is to be utilized in ice cream.

About 15 per cent of frozen fruit has been found to be desirable for flavoring

strawberry, cherry, pineapple, banana, and other fruit ice creams. About 20

per cent is necessary for peach, and from 10 to 12 per cent for raspberry. The
fruit should be added to the freezer immediately after the freezing process is

started if a short freezing time is to be realized and the maximum of flavor is to

be secured. No previous preparation of the fruit, as grinding or slicing, is neces-

sary for the smaller fruits as the dasher of the freezer will break up the fruit.

Fruit ice creams should be drawn from the freezer at about 23°F.

Frozen strawberries, raspberries, peaches, nectarines, plums, cranberries, and

pineapples have been found to be as satsifactory as the fresh fruit for making

ices or sherbets. From 15 to 20 per cent of fruit has been found to be necessary.

However,* the acidity of the finished product must be increased by adding either

citric or tartaric acid. The acidity content should be 0.6 to 0.8 of 1 per cent.

Titration with O.IN sodium hydroxide solution, with phenolphthalein as

indicator, has been found to be a satisfactory commercial test for acidity in ices

and sherbets. Since many ices are colored pink, it would seem that the end

point could not be secured with phenolphthalein as the indicator. However,

the solution becomes almost colorless before the end point is reached, so that

the color change at the end point is easily observed.

A Study of Ice Creams High in Fat Content. (M. J. Mack). In New
England during the past 5 years, many small ice cream concerns have organized

for a specialized type of business. They sell only ice creams of high fat content

and do only a retail business, usuallj^ through attractive road-side stores.

The majority of these dealers buy a prepared basic mix through one of a

small number of concerns specializing in this type of product. Obviously, it

would be more economical if the dealer were to prepare his own mix as well as

freeze it. However, difficulties arise in the preparation of a basic mix of this

composition. Therefore, this project has been started with the objective of

securing information concerning ice creams of this composition. No published

work on this subject is availiable.

From the data now available, it is apparent that ice creams of a higher fat

content than 18 per cent should contain no more serum solids than are furnished

by the milk and cream used in their manufacture. As the fat content increases,

the homogenization pressure must be decreased. A pressure of 800 to 1000

pounds is sufficient for an ice cream containing 20 per cent fat. Sufficient stabil-

ity is secured from the fat and gelatin. Aging for 24 hours seems more beneficial

than with ice creams of lower fat content. A high drawing temperature of about

25.5° F. must be maintained if the freezing time and yield are to be satisfactory.

To date it has been very difficult to introduce frozen cream or butter as the

source of fat, for an extremely viscous product results. As the study progresses

it is hoped that this and other problems pertaining to the manufacture of high

fat ice creams can be successfully met.

A Study of the Effect of Various Initial Aging Temperatures on the

Behavior of Gelatin in Ice Cream. (W. S. Mueller). The continuation of

this study during the past j^ear has definitely shown that aging an ice cream

mix containing gelatin for 4 hours at 68° F. results in an increased efficiency of

the gelatin. Of the various initial aging temperatures tried, which ranged from



ANNUAL REPORT, 1931 213

50° F. to 149° F., 68° F. gave the maxiinuin increase in gelatin efficiency. The
following results were obtained when mixes aged at 68° F. for 4 hours were com-

pared with mixes aged at the customary temperature (40° F.).

1. Improvement in texture.

2. Firmer body.

3. Increased melting resistance.

4. Slight reduction in overrun.

5. Increase in basic viscosity and gel strength when
followed by a low aging temperature period.

Increasing the gelatin concentration and also the strength of gelatin (Bloom

test) increased the magnitude of the high aging temperature effects. As would

be expected, the mixes with low total solids were found to be benefited more by
the use of a high aging temperature than were the mi.xes with high total solids.

The use of a 68° F. initial aging period was found to be equivalent to approx-

imately 0.1 per cent gelatin.

A check on the possibility of any increase in bacterial growth, titratable

acidity, or pH when the mix is aged at 68° F. for 4 hours showed no increase

which would be of any consequence in commercial ice cream manufacture.

In an effort to ascertain the reasons for this behavior of gelatin, a thorough

study of the physical properties of gelatin is being made. A study of the optical

rotation of gelatin is now well under way.

DEPARTMENT OF ENTOMOLOGY
A. L Bourne in Charge

Investigation of Materials Which Promise Value in Insect Control.

(A. I. Bourne). A recent development in the field of oil sprays is the appearance

on American markets of tar distillate oil emulsions which have been in general

use in Europe for several years. In Europe, these oils are products of the dis-

tillation of coal, lignite and, to some extent, wood; in America, much of the

material is obtained from coke ovens. Samples of both the English and the

American oils were used in the tests. These oils did not prove to be as satisfac-

tory indicators on trees in the orchard as are most of the common oil sprays;

consequently a tendency to overspray the trees was unavoidable. In dormant

application the English samples showed a slight tendency to retard the growi:h

of leaf and blossom buds; the American samples did not. When applied at late

dormant or delayed dormant stages of bud development, all of the oils caused

severe burning and, in many cases, outright killing of the buds. In these tests

the oils were not particularly effective in killing the overwintering eggs of the

European red mite, being considerably inferior to most of the common oil sprays.

Tests with the typical American oil sprays included several new products

which have recently appeared on Massachusetts markets. Of these, Free Mul-
sion (Sherwin-\^'illiams Co.) and Oil-tone (Lucas Kil-Tone Co.) gave very satis-

factory results, particularly when used at a dilution of 5 gallons to 100. Kleenup

again gave a high degree of control. The red mite infestation was much heavier

in the college orchards than in 1930. This emphasized the necessity for a high

degree of control of the overwintering eggs, and strengthened the belief that in

combating a heavy infestation the stronger dilutions of oil emulsions are advisable.

Of the miscible oils, Sunoco maintained its usual high degree of effectiveness.

Scalecide was somewhat less effective than in earlier tests.
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Weather conditions during early spring were very favorable. Most of the

delayed dormant applications were made at temperatures of 55° to 65° F. No
injury was noted following any of the oils tested. Tests of comparative coverage

of two standard brands of miscible oil, an oil emulsion, and commercial lime-

sulfur applied under similar weather conditions and to trees of uniform size and

spread, again showed a marked advantage of the oils over lime-sulfur both in

time necessary for application and in amount of material used, the oils requiring

noticeably less material and approximately two-thirds of the time necessary for

equivalent coverage by lime-sulfur. The tests failed to show any significant ad-

vantage of one type of oil over another, in these respects.

Further studies of various spray materials and combinations were made, in

cooperation with the Department of Pomology. Especial attention was directed

upon their compatibilit}-, effectiveness as insecticides and fungicides, and rela-

tive toxicity to fruit and foliage as compared with the standard combination of

lead arsenate and lime-sulfur. All the materials were applied in combination

with lead arsenate, since up to the present this has proved superior to any other

arsenical for general orchard use.

Combinations of lead arsenate with Sulfocide, with dry lime-sulfur, and with

dry mix sulfur lime were compared with the usual combined spray of lead ar-

senate and liquid lime-sulfur with and without the addition of hydrated lime.

These tests were made in a block containing five standard varieties of apples,

namely, Baldwin, Northern Spy, R. I. Greening, Mcintosh and King. The spray

schedule consisted of a pre-pink, a pink and a calyx spray and two cover and two

July sprays for apple maggot.

The addition of hydrated lime to the lead arsenate-lime-sulfur combination

checked somewhat but did not entirely prevent spray injury to foliage. Con-

siderable burn was noted on all varieties sprayed with the Sulfocide combination.

Burn was particularly noticeable on Baldwin and King, and was accompanied

by considerable yellowing of foliage and some premature drop of leaves. Dry
lime-sulfur caused very little burn even on susceptible varieties. No burn was

noted following the application of dry mix sulfur lime. Both Kolofog and flota-

tion sulfur combined with lead arsenate and applied in a similar schedule to a

block of Mcintosh and Baldwin showed excellent persistence and gave very

uniform coverage. No foliage injury was noted following the use of flotation

sulfur, and but a very slight amount of burn on trees sprayed with Kolofog.

The lead arsenate-lime-sulfur spray in this orchard caused extensive burn on

Baldwin and considerable foliage injury on Mcintosh.

The relative effectiveness of these materials is shown in the following record

of Mcintosh at harvest.

The addition of hydrated lime to the lead arsenate-lime-sulfur combination

apparently did not impair the insecticidal value of the spray but did not give as

successful control of scab as did the standard combination without lime. The

Sulfocide combination failed to control scab satisfactorDy and was not conspic-

uously successful as an insecticide. Dry lime-sulfur and lead arsenate gave good

control against insects and held scab as successfully as did liquid lime-sulfur.

The dry mix combination gave practically the same results as did dry lime-

sulfur. Flotation sulfur and lead arsenate held scab very successfully and showed

good control of insects. Kolofog did not control scab quite as well but did not

impair the insecticidal action of lead arsenate.
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Mcintosh Apples, Block A
PERCENTAGE OF FRUIT SHOWING

Treatment Insect Injury Scab

Lime-sulfur 1 27 16
Lead arsenate

J

Lime-sulfur 1

Lead arsenate [
1^ 24

Lime
j

Sulfocide 1

Lead arsenate
\

23 39

Lime
J

Dry lime-sulfur 1
g yj

Lead arsenate
j

Dry mix sulfur lime 1 o jg
Lead arsenate

J

*Check

Mcintosh Apples, Block E
Flotation sulfur 1 je q^
Lead arsenate

j

Kolofog
1 13 5

Lead arsenate
J

Lime-sulfur 1 jg 0.5

Lead arsenate
j

**Check 110 35.0

*A11 fruit dropped; practically 100 per cent of it scabby.

**55 per cent had more than one blemish.

Similar results were secured on Baldwin. Scab was, however, less conspic-

uous on that variety and some differences in insect injury were noted, principally

due to the longer growing season of Baldwin.

Control of Onion Thrips. (A. I. Bourne). The early season, marked by
relatively high temperatures and abundant rainfall, was favorable for the growth

of both seed and set onions, while the frequent and heavy rains offered less favor-

able conditions for the rapid development of thrips. The infestation throughout

the Connecticut Valley was comparatively light and somewhat lower than in

1930. No fields were observed where thrips caused serious damage. In most of

the fields of seed onions adjoining sets, the infestation was only moderately heavy,

while those isolated from sets were comparatively free from thrips.

The seasonal development of thrips closely followed the normal except for a

rather heavy migration of winged adults from sets late in June which took place

during a period of unusually high temperature.

The great migration of thrips from sets occurred somewhat earlier than the

date of the pulling of the set onions and coincided very closely with the date

when those plants had matured and before they had broken over and fallen.

Studies of the effects of environment on thrips abundance in a field of seed

onions exposed on the north to sets and on the south to grassland indicated the

relative danger of early and heavy infestation from hoih. sources, because of the

opportunity for rapid increase offered by the sets and the excellent hibernation

quarters furnished by grassland. Examination of this field, at the time when the
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sets were maturing and shortly after the field to the south was mowed and hay

removed, showed the following infestation.

Thrips per

Section of plot 100 plants

North side, adjoining sets 1900

South side, adjoining grassland 1760

Center 600

As the season advanced the gradual spread of the insects from each border

had resulted in a heavy and more nearly uniform infestation throughout the

entire field, as shown by the following.

Thrips per

Section of plot 100 plants

North side 4230

South side 3120

Center 2175

Applications of the nicotine-soap combination were sufficient to check thrips

on seed onions exposed to infestation from sets. This was due in large part to

the early maturity of the sets and the fact that the principal migration of thrips

took place somewhat earlier than normal. Infestation was reduced from an

average of 1200 thrips per 100 plants to 125 thrips per 100 plants in one field

following an application of the above spray. A similar application in a second

field reduced the numbers of thrips from an average of 3250 per 100 plants to

190 per 100 plants.

Predacious insects were present in such insignificant numbers that they played

little or no part in checking thrips infestation.

The study of the effect of sprays and dusts on onion blast was continued in

cooperation with the Department of Botany, and the work has been reported in

Bulletin 279.

The Spray Residue Problem. (A. I. Bourne). Abundant rainfall through-

out the summer and early fall for the most part automatically disposed of the

problem of spray residue this past season. Most of the excess precipitation

occurred in late August between the last applications of spray or dust and har-

vest. Mcintosh and later varieties were practically free from residue, even in

those orchards where late July sprays were applied for the control of apple

maggot.

Further studies of the value of dusts for the control of late season pests such

as apple maggot, late codling moth, etc., again emphasized the advantage of

dusts over sprays for late summer use. Timeliness is a factor of major impor-

tance at that season. Dusts allowed a nmch more flexible schedule than did

sprays. This advantage, coupled with the fact that dusts may be safely used

during August within two to three weeks of harvest, rather more than offsets

the undeniably superior persistence of sprays.

Systematic Study of Oil Sprays. (A. I. Bourne in cooperation with the

Department of Chemistry). Nine san;ples of oil sprays prepared by the Chemis-

try Department were tested in the orchard to check their effectiveness agninst

European red mite and toxicity to plant growth. The samples consisted of three

different types of light lubricating oils, each combined with three different

emulsifying agents. All of the samples went into solution readily, and once

diluted formed a stable solution with no tendency for separation of oil, even upon
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long standing. In applifation all the oils proved to be good indicators on the

trees. There was no evidence of any retarding of development, tip burning or

killing of fruit or leaf buds following any of the oils.

All the samples gave a very satisfactory kill of the overwintering eggs of the

European red mite (97 per cent or better).

Apple Maggot Control. (A. I. Bourne). Control demonstrations were

continued in the ten orchards in which the growers carried out the recommended

program in 1930. Two additional orchards, in both of which apple n.aggot had

been a serious pest the previous year, were included in the 1931 tests.

The same program was outlined for the growers as was followed in 1930.

Particular stress was laid upon the value of close observation of the trees to

detect the first appearance of the flies and their relative abundance throughout

the season and thus allow better thning of the sprays or dusts. Examination of

the Mcintosh crop at harvest showed an average of 0.9 per cent maggot injury.

In the ten orchards included in the demonstration for the second successive year,

eight of the growers earned out the program in full. Maggot injury in these

orchards averaged 0.5 per cent. Two of the growers carried out the program only

in part. Samples checked in these orchards showed 3 to 4 per cent infestation.

In the two new orchards included this season, maggot injury was held to a low

figure. Their fruit showed infestation of 0.2 and of 2 per cent.

.In no case was excessive spray residue found on the fruit. Cirowers who dusted

for late applications secured fully as good results as did those who depended

entirely on sprays.

A very encouraging feature of the season's results was that, without excep-

tion, growers in these tests secured better control of apple naggot than of any

other major disease or insect pest.

Control of the Plum Curculio in Apples. (W. D. Whit comb, Waltham).

The activity of the plum curculio in 1931 was concentrated in the period of hot

weather from May 27 to June 1, inclusive, when much damage was done to

apples. However, the activity and development throughout the season appeared

to be less than usual for only 1618 niature larvae en:erged from a bushel of un-

sprayed dropped apples, compared to an average of 2854 for the three previous

seasons.

In a study of hibernating environment, no beetles survived when buried in

wire cages from 3 to 12 inches beneath the surface of the soil. A small number
of beetles survived in cages having a protection of leaves and the survival was
greater among beetles which were placed in hibernation October 1 than on

September 5 or 15.

^^'hen confined in constant-temperature cabinets, eggs, larvae, and pupae
died at 55° F., and development was greatly retarded at 65° F. The most favor-

able temperature appeared to be 75° F. where the development was slightly

faster than at 85° F. The period of growth of larvae in the apples was not greatly

changed at any of the effective temperatures.

The greatest number of feeding and egg punctures bv adults occurred at
75° F.
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AVERAGE NUMBER OF PUNCTURES PER BEETLE PER DAY

Temperature
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irrigation system to maintain plenty of moisture during oviposition resulted in

only a 2 per cent greater injury to carrots by the first generation but caused

13 per cent greater injury by the second generation.

The field infestation at Waltham was again so light that date of planting and

variety susceptibility records were of little value, although a 38 per cent infesta-

tion in White Belgian by the first generation indicated that this variety is sus-

ceptible.

Studies of control by insecticides were greatly handicapped by the light

infestation. Under the existing conditions Scotch Soot and tobacco dust were

the most satisfactory, both giving nearly perfect control with a slight stimula-

tion to the plants. These materials were applied to the crown of the plant and

adjacent soD by hand at the rate of about 5 pounds to 180 feet of row.

Napthalene and Similar Materials as Fumigants for the Control of

Greenhouse Insect Pests. (\V. D. Whitconib, Waltham). Fumigation with

vaporized naphthalene is an effective treatment for the control of most injurious

insects and niites on greenhouse plants, and with a few exceptions can be used

safely when the proper conditions are maintained. In a tight chamber, the fumes

from 13^ ounces of melted naphthalene per 1000 cubic feet of air killed 93 per

cent of the red spiders in one fumigation of 6 hours; but 2 or 3 ounces per 1000

cubic feet have been found necessary to counteract the leakage and adsorption

in commercial greenhouses. An exposure of 4 hours is necessary to cause any

appreciable kill of red spiders. Under ideal conditions, two or more fumigations

using 3 ounces per ICOO cubic feet killed all red spider eggs; 12.5 per cent hatched

after one fumigation, and 89 per cent of the unfumigated eggs hatched. Eggs

which were 4 or 5 days old were killed more easily than newly laid eggs. The

protonymphal stage of the red spider was most easily killed and the deuto-

nymphs and adult males appeared the most resistant. Three or four fumigations

are often necessary to obtain a satisfactory kill of red spider, and it was found

that an interval of 1 day between treatments was more effective than an interval

of 2 or 3 days, and that an interv^al of 3 days was 5 per cent more effective than

an interval of 2 days.

Fumigation under controlled atmo.spheric conditions, ranging from 60 per

cent to 90 per cent relative humidity and including 75° and 80° F., .showed a

slight but regular decline in effectiveness from the higher to the lower humidity,

and a slightly increased kill at 80° F. over 75° F. However, there was a tendency

toward plant injury at 90 per cent relative humidity, and the most favorable

condition appeared to be a relative humidity of 80 per cent and a temperature

of 80° F.

The addition of 15 per cent paradichlorobenzene to the naphthalene tended

to increase the effectiveness of the fumigation with one treatment, but this

formula and naphthalene alone were equally effective in two or three fumigations.

Thrips are more easily killed by this treatment than other insects although

aphids and white flies are easih^ controlled by two or more good fumigations.

Mealy bugs are very resistant, and the fumes will not penetrate the soil suffi-

ciently to kill bulb mites. Exposed cyclamen mites are killed by 3 or more fumi-

gations, and treatments at regular intervals keep this pest in check satisfactorily.

Carnation, begonia and cyclamen tolerate naphthalene at strong concentra-

tions and can be fumigated safely in any greenhouse in which the necessary

temperature can be maintained. Freesia, oxalis, violet and fuchsia are very sus-

ceptible to injury and should not be fumigated unless the temperature, humidity

and concentration can be controlled absolutely. Chrysanthemums appear to
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have a varietal tolerance which has not yet been determined. The majority of

other common greenhouse flowering plants have been fumigated safely but have

a small margin of safety. Tomato and cucumber plants tolerate naphthalene

but the fruits absorb the odor and taste of the fumes, making the treatment

undesirable.

DEPARTMENT OF FARM MANAGEMENT
J. A. Foord in Charge

Enterprise Relationships and Farm Organization on Selected Dairy

Farms in Western Massachusetts. (K. L. Mighell). Bulletin 275, published

during the year, explains the re-planning of three dairy-fruit farms, and the

probable results. Some further work has been accomplished on time studies of

farm operations, especially of chores on dairy farms.

Types of Farming in Vegetable Garden Areas. (F. H. Branch, R. L.

Mighell, J. E. Thigpen). This is a cooperative project with the Extension Serv-

ice, as previously noted. From the records obtained in 1930 the amount and dis-

tribution of labor expended on the different operations incident to the production

of the important vegetable crops in eastern Massachusetts was determined and

mimeographed for use in Extension work and at Farm and Home week. This

caused a demand for the material in the Agricultural Schools and High School

Departments of Agriculture, and several hundred copies were prepared for this

use. Other studies are in progress.

A Study of Labor Saving Methods and Technique on Vegetable Farms.

(R. L. Mighell, R. H. Barrett, J. E. Thigpen). This is a new project, intended

first to develop principles and procedure for the study, and then to determine

actual labor saving methods and technique. A good many studies have been

made of different operations on vegetable farms, aided by the stop-watch, and

both the moving picture and still camera. The crops so far considered are as-

paragus, carrots, beets, celery and tomatoes. A demonstration was given on the

Field Day at the Waltham Field Station and some moving picture films have

been prepared for use at growers' meetings.

Live Stock Management, Methods and Costs. (J. A. P'oord). Those

animals in the college herd showing a positive reaction to the blood test for

Bangs disease have been segregated for two years ending November 1, and the

labor and material costs are being assembled for use and possible publication.

The Cost of Silage Production in Massachusetts with Special Refer-

ence to the Use of Machinery. (C. I. Ounness, J. A. Foord, J. E. Thigpen).

This is a cooperative project between the Bureau of Agricultural Engineering,

U. S. D. A., and the Departments of Agricultural Engineering and Farm Man-
agement of the Experiment Station. Enterprise records have been obtained

from more than sixty farmers in the four western counties, and for areas of from

seven acres to sixty acres on individual farms. The material will be tabulated

and prepared for publication during the winter.
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FEED CONTROL SERVICE

Philip H. Smith in Charge

The Feed Control Service comprises not only feed inspection, but several

other activities, as listed below:

Feed Control (General Laws, 1920, Chapter 94)

Seed Control (General Laws, 1927, Chapter 94)

Dairy Law (General Laws, 1920, Chapter 94)

Advanced Registry Testing

Miscellaneous Work

Feed ControL (P. H. Smith, A. F. Spelman, G. J. Larsinos, F. A. Mc-
Laughlin, J. T. Howard). During the fiscal year, 1,591 samples of feeding stuffs

were officially collected and examined in the control laboratories. The results

show that at least 96 per cent of the samples collected varied less than one per

cent from stated guarantees in protein, fat and fiber content. The gross receipts

from the registration of feeding stuffs in 1931 (calendar year) were $21,320,

derived from 1,066 brands at $20 each.

Seed Control. (P. H. Smith, F. A. McLaughlin, Margaret E. Nagle). From

October 1, 1930, to October 1, 1931, the seed laboratory analyzed 1,135 samples

of seed, of which 469 were collected by the State Commissioner of Agriculture,

216 sent in by dealers and farmers, 212 received from the Rhode Island Com-
mission of Agriculture, and 238 purchased from wholesalers for special tests.

Classification of these analyses is shown by the following summary.

Summary of Samples Analyzed

Massachusetts Massachusetts Rhode
Official Non-Official Island Totals

Purity analysis only 34 23 25 82

Blotter germination tests.... 306 368 2 676

Soil germination tests* 125

Field germination tests* 238

Purity and germination 129 63 185 377

1,135

Field crops 21 79 29 129

Forage crops 142 102 181 425

Vegetable seeds 306 266 2 574

Tree seeds 7 7

1,135

* Samples germinated in soil and field are duplications of 238 samples of vegetable

seeds germinated in blotters.

Field tests to determine trueness to type were again conducted in cooperation

with the Department of Agronomy which tested 9 samples of alfalfa, 12 samples

of red clover, and 2 samples of sweet clover, and the Department of Vegetable

Gardening which tested 125 varieties and strains of varieties of onions, and
113 samples of peas.

Dairy Law. (P. H. Smith, J. T. Howard, H. L. Allen). During the year

ending December 1, 1931, 7798 pieces of Babcock glassware were tested. Con-
demned glassware consisted of one cream test bottle. Eighty-one certificates of

proficiency were awarded.
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One hundred and sixty-six creameries, milk depots and milk inspectors'

laboratories were visited in order to check methods and pass upon equipment

in use. As a result of this inspection, two machines were condemned outright,

major repairs were ordered on six, and minor repairs on twenty. Where it is

thought necessary, re-inspections will be made. Special investigations were

made at ten plants.

Advanced Registry Testing. (P. H. Smith). Advanced registry testing

has been supervised by this department since its beginning in 1902. There are

now on yearly test 528 cows located on 67 different farms. This does not include

the herd tests where all animals in each herd are placed on test. Of these there

are fourteen, two of which are supervised by men sent out from this office and

twelve by cow test association supervisors.

Miscellaneous Work. (P. H. Smith, A. F. Spelman, G. J. Larsinos). Nu-
merous analyses have been made for residents of the State and other depart-

ments of the College. Especial attention is called to the increasing number of

dry matter determinations in connection with forage crop experiments. This

work has become a real burden upon other work of the department and should

it increase materially, the employment of an additional assistant during the

summer months will be necessary.

Summary of Miscellaneous Wo7k, 1931

Materials sent in:

Milk and cream, butterfat only 461

Milk, solids and fat 4

Feeds 104

For other departments of Experiment Station and College:

Milk, for butterfat 138

Milk, for solids 10

Dry matter, forage crops 2,255

Complete fodder analyses 167

Dry matter and nitrogen 49

FERTILIZER CONTROL SERVICE

H. D. Haskins in Charge

Fertilizer Inspection. (H. D. Haskins, H. R. DeRose, A. F. Spelman,

G. J. Larsinos, and ,1. B. Zielinski, Jr.). During the season, 125 firms or individ-

uals have registered for sale in Massachusetts 589 brands of mixed fertilizers

and fertilizing materials and 26 brands of agricultural lime and gypsum. Statis-

tics with reference to the inspection of these products are given in the following

summar>\

The four agents who secured samples of fertilizer and lime for the year's

in.spection sampled 24,925 sacks or containers, representing 10,753 tons of

material; 873 agents were visited.
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Brands Brands Samples Number Number of

Products Regis- Col- Col- of Determin-

tered lected lected Analyses tions

Mixed fertilizers 357 344 1207 467 6071*

Ground bone, tankage and fish 56 50 165 65 301

Nitrogen products, organic and mineral 71 64 270 177 531

Phosphoric acid products 31 27 117 32 128

Potash products 21 21 72 32 116

Cotton hull ashes and wood ashes 9 8 12 11 46

Ammoniated superphosphates 4 4 5 4 40

Nitrate of potash 7 6 12 9 36

Dried, pulverized natural manures 23 23 94 22 110

Peat products 7 7 10 6 30

Miscellaneous 3 3 i) 4 23

Lime products 26 26 68 27 190

Totals 615 583 2041 856 7622
* Not counting check tests or repeats, which would amount to at least one-third more in number.

From July 1, 1930, to July 1, 1931, the tonnage of fertilizer and plant food

sold in Massachusetts was as follows:

Plant Food Elements (Tons)

Fertilizer Available

(Tons) Nitrogen Phosphoric Potash

Acid

Mixed fertilizers 43,463 1,916 3,473 2,827

Unmixed fertilizer chemicals and

materials 19,174 1,084 1,630 561

Pulverized natural manures 2,426 42 30 87

Totals 65,063 3,042 5,133 3,475

Full details of the fertilizer and lime inspection will be found in Bulletins

60 and 61, Control Series.

Miscellaneous Analytical Work. (H. D. Haskins, H. R. DeRose, A. F.

Spelman, and G. J. Larsinos). The cooperative chemical work which was car-

ried on with other departments of the Experiment Station covered the usual

range of projects and comprised the following analyses:

Cured hay, partial ash analysis 53

Pasture grass, partial ash analysis 22

Peat, fertilizer analysis 2

Farm manures 4

Complete fertilizers 6

Unmixed fertilizer materials 23

Ashes of peat 1

Charcoal 2

Iron sulfate 2

Soils, special study tobacco root-rot 12

Soils, mechanical analysis 12

Soils, partial analysis 4

Requests for analyses from farmers and farm organizations have received the

usual attention. A nominal charge has been made for such work when of interest

only to the individual. Results of analysis are always interpreted and sugges-

tions are made as to the practical application of the work. The following ma-
terials have been examined under this heading:
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Unmixed fertilizer materials 10

Complete fertilizers ? 3

Lime products 3
Manufarturing by-products 6

Farm manures 2

Peat products 12

Miscellaneous 7

Soils, partial analysis 28

The usual interest has been taken dur'ng the year in the work of the Asso-

ciation of Official Agricultural Chemists, Mr. Haskins having served as President

of the Association and as Chairman of the Committee on Definition of Terms
and Interpretation of Results on Fertilizers and Lime Products.

DEPARTMENT OF FLORICULTURE
Clark L. Thayer in Charge

Study of the Effect of Plant Nutrients on Carnations and Roses
Under Glass. (H. E. White, Waltham). Experimental work has been carried

on with different fertilizer materials to determine what effect the sources of nitro-

gen and phosphorus n'.ay have upon the growth of carnations and roses.

There have not been any outstanding differences in the nun Ijer or quality of

carnation flowers produced by the plants in the difierent fertilizer plots. Appli-

cations of nitrogen in the short, dark days of December did not noticeably in-

crease splitting of calyces. Plants receiving calurea, urea, and blood produced a

few more split calyces than plants in some of the other treatments, with the

exception of the manure plots. Splitting of calyces appears to be a genetical

tendency or varietal peculiarity. Spectrum has a greater tendency to split than

either Ivory or Woburn. Nitrogen starvation symptoms appeared by midwinter

on the manure and peat plots; light applications of .sodium nitrate restored the

plants to their normal condition.

A peculiar physiological disturbance was observed in the sodium nitrate

plots. The petals of the affected flowers grew out beyond the calyces but thej'

appeared to be glued together. When such flowers were soaked in alcohol, the

bases of the petals were found to have adhered. However, the upper portions

were easily freed from one another bj^ the alcohol. This condition has been

encountered in local greenhouses but so far the causes have not been satisfac-

torily explained. The manure plots which showed nitrogen deficiency and re-

ceived sodium nitrate produced flowers showing this adhesion. Further investi-

gational work is being carried on to determine the cause of this trouble.

There were no outstanding differenc^es in the fertilizer trials with roses, 'i'he

plots are being carried on for another season since the present plants have been

in the plots for one year only. If the results warrant it, the work will be con-

tinued.

Breeding Snapdragons for Varietal Improvement and Disease Re-

sistance. (H. E. White, Waltham). In the summer of 1930 rust resistant

1 lants of the Mains' strains from Purdue were selected in the field and planted

in the greenhouse for breeding. Some 50 different crosses were made between

these strains and greenhouse varieties. The progeny of these crosses, consisting
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of approximately 8000 plants, were planted in the field and inoculated with rust

during the sunnner of 1931. The different crosses showed varying degrees of

susceptibility to rust. A number of very resistant white and yellow flowered

individuals were selected from the Fi generation for further breeding work.

Further selections and breeding are being carried on to obtain resistance combined

with qualities desired in commercial varieties.

DEPARTMENT OF HOME ECONOMICS
Bernice Wait in Charge

The Comparative Value of Milk and Tomato for Supplementary
Feeding in Elementary Schools. (E. Davies, B. ^^'ait, and M. V. E. Voorne-

vekl). This stutly of experimental supplementary feeding of children in a snail

consolidated rural school is being continued for a third year. Observation of the

children indicates that there was some improvement in their general well-being

as a result of the feeding either of milk or of tomatoes. Whether the data obtained

will confirm this observation, or whether the improvement in the condition of

the children was sufficient to be measured by the tests applied, cannot be as-

certained until the tabulation of the data has been completed.

The Value of Evaporated Milk for School Food Service. (E. Davies,

B. Wait, and (). A. ]\Ierriani). In this project, which is similar in method and
pur|)ose to the above, evaporated milk is being given to the children of the first

four grades in the schools of a small mill village. The children of the same grades

in the schools of a neighboring village are being used as a control group. While

the tabulation of the data obtained from the first year of the study has not

progressed to the point where definite conclusions are warranted, general obser-

vation of these children, as of tho.se receiving fresh milk and tomatoes, suggests

that there is an improveinont in the general well-being of the children as a result

of the school feeding.

DEPARTMENT OF HORTICULTURAL MANUFACTURES
W. W. Chenoweth in Charge

Fruit Juices and Jelly Making. (C. R. Fellers). Three summers' work

on methods of extracting juices from small fruits for jelly manufacture has

now been completed and the results tabulated.

The examination of sodium benzoate samples for suitability as cider preserv-

atives has been continued. Marked differences exist among these preparations

as to ability to impart flavor. Several new German preservatives, derivatives of

benzoic acid, show very promising results in cider preservation.

A new type of jelly tester was designed with J. A. Clague and thoroughly

tested with the cooperation of Chatillion Bros., instrument makers, of New
York. A description of the instrument appears in Industrial and Engineering

Chemistry, Analytical Edition, 4:106-7, 1932. This new instrument combines

low cost, adaptability, ease and speed of operation, mobility, and simplicity.

Its use will enable manufacturers of fruit or pectin jellies to control consistency

in their product. The tester works equally well with canned cranberry sauce.

Work was completed and a paper presented before the American Chemical
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Society in September, 1931, on "A rapid centrifugal method for pectic acid de-

termination." This paper has been accepted for publication by Industrial and

Engineering Chemistry. The method greatly shortens the usual analytical pro-

cedure for pectin determinations in fruit products.

Effect of Microorganisms on the Jellying Power of Fruit Juices.

(C. R. Fellers, J. A. Clague, and R. L. France). Data obtained in this cooperative

project with the Bacteriology Department show that yeasts do not affect the

jellying power of pectinous solutions. Several molds, howeve:", are very active

in the decomposition of pectin and render fruit juices containing them incapable

of being used for jelly. Bacteria will be next studied in this connection.

Preservation and Nutrition Studies with Cranberry Products. (C. R.

Fellers and J. A. Clague). Further laboratory and commercial experience has

proved that canned cranberry sauce should have a soluble solids content of

approximately 42-13 per cent. At our suggestion commercial canners are now
using Abbe refractometers to control the finishing point on canned cranberry

sauce. By this means uniform consistency and maximum yields are obtained.

Dr. H. J. Franklin of the Cranberry Station furnished us with 39 varieties of

Massachusetts-grown cranberries last year and 25 varieties of New Jersey and

Wisconsin cranberries this year. These varieties are being tested for suitability

for manufacture of strained and whole-fruit cranberry sauce. Results to date

indicate that only a few varieties are suitable for sauce; the only way some of

the poorer varieties can be used at all is by blending. Each variety is also tested

for pectin and benzoic acid. Preliminary analyses indicate a great variation

among varieties in benzoic acid content; for example, the Early Black has 0.04-

0.05 per cent as against 0.09-0.10 per cent in Howes variety. We plan to see if

there is any relation between keeping qualities of varieties and benzoic acid

content.

Vitamin studies (C. R. Fellers and P. D. Isham) on cranberries and cranberry

products have been continued with the aid of funds made available by the Amer-

ican Cranberry Exchange. Cranberries and wild blueberries are moderately

rich sources of vitamin C, from 3 to 4 grams daily sufficing to protect 300-gram

guinea pigs. Unstrained cranberry sauce retained about 80 per cent of the vita-

min C; but the strained sauce, pasteurized juice, and dried cranberries contained

scarcely any of this vitamin. Studies are now under way to determine the vita-

min A, B, and D potencies of cranberries. The work on blueberries will also be

continued.

Physiological studies on human subjects showed that large doses of cran-

berries (100 grams or more) greatly increased urinary aciditj' and markedly

lowered the blood alkali reserve. Small daily feedings of 22 grams produced no

acidosis but did increase the acidity of the urine. Indirect calculations from the

hippuric acid content of the urine following cranberry ingestion lead to the con-

clusion that from 0.6-0.85 per cent of quinic acid or a related substance is present

in cranberries. This substance acts similarly to benzoic acid in the body and like

the latter is eliminated as hippuric acid.

Methods of extraction of cranberry juice are being studied with the coopera-

tion of C. C. Rice. Cranberry juice makes a popular beverage and is especially

suitable for blending purposes because of its high flavor, acidity, and color.

Utilization of Onions by Canning and Drying. (C. R. Fellers). ^The

continued examination of experimental packs of canned onions has further
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proved that, with careful attention to details, onions may be successfully canned.

Cooperative work on discoloration in canned onions has been conducted with

C. P. Jones of the Department of Plant and Animal Chemistry.

Cull onions were again dehydrated and manufactured into onion powder.

This powder retains all the natural flavoring principles of the onion, even after

two years' storage in sealed containers. Samples have been distributed to vari-

ous persons and agencies with a view to popularizing this new product.

Utilization of New England Fruits in Ice Cream. (C. R. Fellers and

M. J. Mack). This cooperative project with the Department of Dairy Industry

is now in its third year. The data are being assembled for a bulletin.

Effect of Freezing and Thawing on Microorganisms in Foods. (C. R.

Fellers). The bacterial content of vegetables, fruits, meats, and fish which had
been frozen for a year was determined. A similar determination was made after

the frozen products had been defrosted for 24 hours. In general, the solidly

frozen foods contained few bacteria (0-270,000) ; while, after defrosting at room
temperature for 24 hours, the numbers were excessive in the case of vegetables,

eggs, and oysters, and actual decomposition was evident. Manifestly, frozen

vegetables and marine products should be promptly consumed after defrosting.

Frozen fruits were still relatively free from spoilage and edible 48 hours after

defrosting. A paper on "Public health aspects of frozen foods" was read before

the American Public Health Association in September, 1931, and has been

accepted for publication in the journal of the association.

Research on Dates. (C. R. Fellers and M. M. Cleveland). This investiga-

tion is financed by The Hills Brothers Company of New York. The study of

the mineral composition of dates over a three-year period has been completed.

The ash of dates is high and contains over 40 per cent K,0, thus making the date

an excellent acidity corrective.

A new product, known as date butter, was developed. This product will

help utilize that part of the date crop which, though perfect!}^ edible, cannot be

sold as whole dates.

Dried date pulp is being tested for suitability for poultry food, in coopera-

tion with the Poultry Department.

Vitamin Content of Baldwin Apples and Other Fruits. (C. R. Fellers

and M. M. Cleveland). The native Baldwin apple has a relatively high vitamin

C content. Feeding tests with guinea pigs showed no differences in the vitamin

C content of sprayed and unsprayed Baldwins. Samples of fresh cider, pasteur-

ized cider, lumpy (unstrained) apple sauce, and smooth, screened apple sauce

made from Baldwin apples of known vitamin C content, are being tested for

vitamin C.

Canned citrus fruits, oranges and grapefruit, contained fully as much vitamin

C as the fresh fruits purchased in Amherst during July and August.

Canned Rat Baits. (C. R. Fellers in cooperation with E. M. Mills, Bureau
of Biological Survey, U. S. D. A.). The canning of cereals, fish, and meat mixed
with red squill has been perfected. In this way the baits will keep indefinitely,

are convenient to use, and can be packed at a central factory and shipped to

demonstration centers as desired.
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DEPARTMENT OF PLANT AND ANIMAL CHEMISTRY
J, B. Lindsey in Charge

The Effect of Fertilizer and Cultural Treatment on the Nitrogenous
Compounds of Havana Seed Tobacco. (E. B. Holland and E. Bennett).

The analytical work on tobacco has been continued along similar lines as in

previous j'ears with the exception that many duplicate samples have been sweat

to determine the effect of the additional treatment on the nitrogenous compounds
of the leaf. In view of the fact that recent investigators have stressed the carbo-

hydrates as a criterion of quality, it would seem advisable to broaden the inquiry

and attempt to correlate the carbohydrates and nitrogenous compounds with

burn and character of ash. Substantially all the chemical work planned for the

season has been completed and the results await examination.

Tobacco Field Experiments. (Compiled by E. B. Holland and E. Bennett).

Experiments in raising Havana Seed tobacco have been conducted on the sta-

tion plots since 1924 to determine the effect of various cultural and fertilizer

treatments on the total yield, grades, and market value of the crop. The data

for the 1924-1930 crops inclusive have been recalculated and compiled for pub-
lication and present many interesting facts concerning the size and weight of

leaf of the several grades under the various treatments.

Oil Sprays. (E. B. Holland). Work has been continued with a light par-

affin base oil, a medium paraffin oil, and a naphthene base oil. Miscibles were

prepared from all three lubricating oils by three methods and applied in field

tests under the supervision of the Entomology Department, with satisfactory

results.

Spontaneous methods of preparation again proved preferable to the old proc-

ess requiring heat, and an organic base more efficient than alkali. The oils

themselves have been submitted to various physical tests to determine their

position in the field of lubricants.

Nitrogen Fixation in the Presence of or as a Result of the Growth
of Legumes versus Non-Legumes under Certain Defined Agronomic
Conditions. (F. W. Morse). This year (1931) oats were grown on the non-

legume areas and field peas together with oats on the legume areas. Nitrogen

was omitted from all plots this year as has been the procedure in alternate years.

Eight annual crops have been removed from the plots since the beginning of the

experiment, and a summary of the results is given in addition to those of the

current year.

Results from Plots 7 and 9 which have not received any nitrogen in fertilizers

since 1882 are compared with those from Plots 8 and 10 which have received

nitrogen regularly, the former in sulfate of anuiionia and the latter in organic

animal matter. The comparison for this year, however, is between no nitrogen

and residual nitrogen from previous applications. The figures are averaged from

each pair of plots.

The crops this year (1931) were harvested for fodder just as the seed began

to fill out. It made little difference in the yields whether nitrogen had been

omitted for fifty years or only one year. Combining peas with the oats increased

the dry matter about 25 per cent and the nitrogen over 70 per cent.

Crops on the non-legume areas during the eight years were hay, corn fodder,

Japanese millet, corn fodder, hay, hay, Japanese millet, oat hay. On the legume
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Dry Matter and Nitrogen Removed from Non-Legume and Legume Areas

in 1931 and in 8 years

(Pounds per Acre)

WITHOUT NITROGEN WITH NITROGEN

Dry Matter Nitrogen Dry Matter Nitrogen

Non-Legume, 1931 2,105 26.9 2,194 28.0

Legume, 1931 2,600 45.8 2,659 49.5

Non-Legume, 8 years 23,886 254.9 33,395 354.5

Legume, 8 years 28,058 534.4 29,867 563.3

areas they were clover hay, corn fodder, soy bean fodder, corn fodder, clover hay,

clover hay, Japanese millet, pea and oat hay. On the non-legume areas the plots

which had received 180 pounds nitrogen in 8 years produced 9500 pounds more

dry matter per acre which contained 100 pounds more nitrogen than was ob-

tained from the plots that had been without nitrogenous fertilizer for 50 years.

The use of leguminous crops made the nitrogenous fertilizers comparatively in-

effective. The gain of 1800 pounds of dry matter and 29 pounds of nitrogen was

due mainly to the non-leguminous crops used in the rotation.

The soil from each individual section of the plots was sampled and analyzed

in 1924, 1927, and 1931. To check results, a few samples of 1924 and 1927 were

again analyzed simultaneously with the samples of 1931. The repetitions varied

only a trifle from the originals, proving that reagents had been carefully pre-

pared in each season. The individual analyses are averaged and summarized in

the table.

Percentages of Nitrogen in Surface Soil

(Depth 8 inches)

WITHOUT NITROGEN WITH NITROGEN

Year

Non-Legume Legume Non-Legume Legume
1924 130 .135 .158 .133

1927 190 .160 .195 .180

1931 165 .170 .170 .168

The figures clearly show no deterioration in soil nitrogen in the absence of

nitrogenous fertilizers, and no accumulation of nitrogen in the soil where they

were used. Since 254 pounds of nitrogen were removed from the soil where no

legumes had been grown for 8 years, it appears that this nitrogen was supplied

by soil organisms which took it from the air. Growing leguminous crops in

rotation doubled the amount of air nitrogen thus secured.

Chemical Study of Cranberries. (F. W. Morse). At the request of Dr.

H. J. Franklin of the Cranberry Station, analyses were made of Early Black

and Howes cranberries which had been produced in a comparison of dry bogs

versus watered bogs during the season of 1930. Dry matter, total acids calcu-

lated as citric acid, and total sugar were determined, with the results shown in

the following table.

Composition of Cranberries from Dry and Watered Bogs

EARLY BLACK HOWES

Dry matter, per cent..

Total acid, per cent

Total sugar, per cent..

Dry Bog
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Cranberries from the dry bog contained more dry matter and sugar. Acid

was unaffected. The l)erries from the dry bog appeared slightly wilted in com-
parison with those from the watered bog and averaged smaller in size. Several

varieties of cranberries were analyzed and were all within the range of composi-

tion reported in Bulletin 265.

Astringent matter, wax, and quinic acid have been determined in some of

the most conmion varieties of cranberries.

Determinations of wa.x were made by extracting the dried and pulverized

cranberries with carbon tetrachloride. This solvent was used instead of ether

because ether will dissolve malic acid which occurs in cranberries. Besides the

wax which exists in the skin, the extract includes oil from the seeds; but seeds

form only a small part of the fruit. The percentages of wax e.xtract m 14 varieties

ranged from 0.34 to 0.63. The wax was subsequently separated into two sub-

stances, one soluble and the other insoluble in petrolic ether. The insoluble

material is a dry, resinous substance, while the soluble is soft and greasy in

appearance. The wax is similar to the wax in apple skins and further study of

it is intended.

Astringent matter was determined by the usual method of titration with

potassium perm.anganate, and fresh fruit was used. The range of percentages

in 12 varieties was from 0.25 to 0.46. Variations between varieties were too

narrow to explain differences in quality.

The presence of quinic acid in cranberries was first annovmced this year by

Kohman and Sanborn (E. H. Kohman and N. H. Sanborn, Indus, and Engin.

Chem. 23:126, 1931). It does not lend itself to a sharp quantitative separation

from the citric and malic acids which occur with it in the fruit. A tentative

method was devised based on the different solubilities of lead and calcium salts

of citric, malic, and quinic acids. The range of approxim.ate percentages in nu-

merous determinations in 12 varieties was from 0.45 to 1.1 per cent.

Milk Substitutes in the Growing of Young Calves. (J. B. Lindsey and

J. G. Archibald). The problem is worthy of continued study because of the

demand for fluid milk and the lack of skim milk for feeding. During 1930 studies

were made of the so-called dry feeding method which consisted of feeding milk

for the first four weeks of the calf's life and then substituting a dry grain mixture

and alfalfa or rowen. While it is possible to grow Holstein or other rugged calves

by this method, they appeared thin and not in as satisfactory condition as those

receiving skim milk or diluted skim milk powder for a longer period of time.

Therefore we do not feel like commending it.

At present the following n ethod is being u.sed with a group of calves: \\ hole

milk is fed for one week, skim milk powder in the proportion of 3^ ounces to

each quart of warm water gradually substituted and fed until the calves are six

to eight weeks old, then replaced by a dry ration using an animal meal instead

of the more expensive skim milk powder. It is hoped that for conditions pre-

vailing in Massachusetts some such method will prove satisfactory and economical.

Thus fed, an average rugged calf would receive, up to four months of age, about

50 quarts of whole milk and 60 pounds of skim milk powder in addition to rowen

or alfalfa and a grain mi.xture.

Two Systems of Dairy Cattle Feeding—High Roughage and Low Grain

versus Low Roughage and High Grain. (J. B. Lindsey and J. (!. Archibald).

This project was organized and started in the autumn of 1928 and was intended

to continue for several years. The object has been to determine the effect of



ANNUAL REPORT, 1931 231

maximum roughage and low grain (1 pound of grain to 4>^ pounds milk) fed to

one group of cows, and minimum roughage and high grain (1 pound of grain to

2J^ pounds milk) fed to another group, upon the economy of milk production,

and the condition of the cows as regards appearance, live weight, and breeding.

The roughage has consisted of first-cut hay, rowen, silage and green forage fed

in different amounts; and the grain, of a mixture of wheat bran, ground oats,

corn meal, gluten feed, and cottonseed meal, mixed in different proportions for

the two groups. A statement of the results from October, 1928, through Feb-

ruary 1, 1931, follows:

High Low
Roughage Roughage

Proportion grain to total feed, dry matter (per cent)

:

October, 1928 to October, 1929 21.5 36.5

October, 1929 to February, 1931 19.1 35,3

Dry matter required to produce 100 pounds milk (pounds):

October, 1928 to October, 1929 107 97

October. 1929 to February, 1931 118 107

Net energy required to produce 100 pounds milk (therms):

October, 1928 to October, 1929 010 600

October, 1929 to February, 1931 6.39 636

Feed cost of 100 pounds milk:

October, 1928 to October, 1929 $1.74 $1.75

October, 1929 to February, 1931 1.70 1.67

It is clear that the high-roughage cows required more dry matter to produce

a definite amount of milk than the low-roughage cows. The calculated therm&

of net energy, however, did not vary much for either group. When it came to a

matter of feed cost, the results were about the same in each case on the basis of

market price for all feeds. While for a definite amount of feed the low-roughage

ration produced more milk than the high-roughage ration, the feed cost per unit

of milk was about the same.

It might be added that the cows in both herds kept in good condition and did

not show breeding troubles, although it must be admitted that the low-roughage

cows presented the better appearance.

Mineral Requirements for the Growth of Dairy Heifers. (J. B. Lindsey

and J. G. Archibald). Results of one phase of this project have been published

in the Journal of Agricultural Research 42:883-896, June 15, 1931, in an article

entitled, "The calcium requirements of dairy heifers."

Work on the phosphorus requirements is being actively pursued, although it

has been seriously interfered with by the loss of two heifers which reacted to the

tuberculin test in February. Forty metabolism balance trials with eight heifers

have been completed. Four of these heifers have received a basal ration low, in

phosphorus, while for the other four the basal ration has been supplemented

with sufficient organic phosphorus to double the amount of that element fed.

The work has not reached a stage which warrants reporting any results. During
the year the capacity of the equipment for conducting balance experiments has

been doubled by the addition of two more metabolism stalls.

Studies in the Chemistry of Pastvire Grasses. (J. G. Archibald and E.

Bennett). A final report summarizing three j^ears' work on the original project

reported on in 1929 and 1930 (of which the present project is an outgrowi;h)

has recently been prepared for publication.
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Other phases of the more comprehensive project have progressed to the fol-

lowing extent:

1. In a study on nitrogen partition to determine what portion of the nitro-

gen in grasses is combined in true protein and what portion may be combined in

the amino form or in the even simpler forms of ammonia and nitrates, 26 samples

of grass have been analyzed. Half of these came from quite heavily fertilized

pastures and the other half from unfertilized pastures. Some of them were from

the college and experiment station fanns, others came from Middlesex and Wor-

cester Counties. Two samples of a pure stand of white clover, one fertilized and

the other unfertilized, were also included in the study. The analyses showed:

In fertilized grass, the amino nitrogen constituted approxmiately 11.3 per

cent of the total nitrogen; in unfertilized grass, it amounted to about 8.5 per

cent of the total nitrogen.

In fertilized white clover, the amino nitrogen was slightly over 23 per cent

of the total nitrogen; while in the unfertilized white clover, it was slightly under

21 per cent.

Ammoniacal nitrogen averaged about 1.8 per cent of the total nitrogen where

fertilizer had been used and about 1.0 per cent where it had not been used.

There were only slight traces of nitrate nitrogen in any of the samples.

2. The survey of natural pastures throughout the State had to be tempo-

rarily suspended this year because the soil maps of the important pasture areas

still unsurveyed were not available, being still in process of publication. It is

hoped to continue and complete this phase of the work next season. Analyses

have been completed of forty samples taken in Worcester and Berkshire Counties

in 1930, and the following conclusions are offered:

Results indicate a natural pasturage on the predominant soil types of

Berkshire County superior in both quantity and quality to that on the predom-

inant type in Worcester County. This is attributed to heavier soils with greater

moisture-holding capacity.

Judged by the standard of a recognized authority, these pastures measure

up quite well. In general the only deficiency suggested is in the element phos-

phorus.

The ratio of calcium to phosphorus is probably too high, due partly to the

low phosphorus content and (in the case of at least one soil type) partly to a

rather high calcium content.

3. The study of the chemical composition of different species of grass in-

volved the collection in 1930 of 50 samples of grass from plots growing pure

stands of timothy, redtop, blue grass and white clover; and the collection in

1931 of 60 samples from plots of orchard grass, sheep fescue, Rhode Island bent,

and Canada blue grass, in addition to the above-mentioned species. Analysis of

the 1930 samples has been completed and studied in detail. Analysis of the

1931 samples is now in progress. Conclusions on this phase of the work are

withheld until more data have been accumulated.

Utilization of Onions by Canning. (C. P. Jones). This is a continuation

of the study reported in the annual report for 1929 (Bulletin 260). Work during

the past year has been confined largely to a study of the Yellow Clobe onion

and its behavior during and subsequent to canning.

Onions put up by the Department of Horticultural Manufactures and held

in tin containers for two years, adsorbed more of the corrosion products of the

can than was found in the liquor. Amounts determined were influenced some-
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what by differences due to individual cans, type of can, and weight of onions

packed.

A commercial brand of onions packed in enameled cans was examined five to

six months after canning. Only a light brown discoloration of the onions devel-

oped upon long exposure to the air. Very little, if any, corrosion of the can was

noted. Onions packed in similar cans and kept in storage for a little over two

years, discolored considerably upon long exposure, the discoloration developed

more slowly, and the ultimate color was more of a dark brown than dark olive

green. Unfolding the cans revealed no evidence of corrosion at the junction of

ends and sides or along the side seam. Discoloration of bulbs in this instance

could not be associated with the metal of the can, and the cause must be looked

for elsewhere.

The 1931 crop of commercially canned onions, processed in plain tin con-

tainers, was examined two to three months after canning and showed only a

slight discoloration of the tinned surfaces of the can. Long exposure of the

onions to the air failed to produce any appreciable discoloration. Treatment

of the bulbs with dilute ferric chloride solution resulted in no discoloration.

Improved methods of canning are probably responsible for this better condition.

The onions were whiter and smaller in size than the Yellow Globe Danvers

variety.

DEPARTMENT OF POMOLOGY
F. C. Sears in Charge

The crop of peaches in the Station orchards was about as large as that of

1930, but the apple crop was about one-half that of last year. This is probably

due largely to the heavy crop of 1930. Studies of the air temperatures during

and immediately following bloom showed that during this period in 1930, high

temperatures prevailed to an exceptional degree. This may be the chief reason

for the heavy crop. Fluctuations in crops during the past ten years did not

follow the lesser differences in temperature very definitely.

The Interrelation of Stock and Scion in Apples. (J. K. Shaw and J. S.

Bailey). Alternate trees in the main orchard in this project were removed during

the past winter. This project may be considered as finished though further

observations on the remaining trees may be made. Eight rows of "permanent"

trees were top grafted to new varieties in the spring of 1931.

This orchard has suffered in some years from a peculiar "tip burn" of the

leaves. A trouble similar in appearance has been attributed to potash deficiency.

In this orchard it is evidently correlated with water supply of the trees The or-

chard has never received any potash fertilizer so it was felt that a potash defi-

ciency might be a factor. A strip involving two rows of trees was plowed in the

spring and a liberal application of muriate of potash given to one of these rows.

The tip burn was not prevalent in the orchard the past summer. There was no

evidence that potash had any influence in the limited amount that appeared.

Efforts to propagate Mailing Stocks by mound layering were continued.

These are expected to yield a considerable number of rooted stocks when dug

next spring. These will be used to establish a new and larger stock bed.

The orchard of Mcintosh and Wealthy on Mailing Stocks made a satisfac-

tory growth during the season and showed considerable bloom and some fruit.
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The average growth of the trees during the four years they have been in the

orchard is as follows:

Increase in Trunk Diameter in Four Years

(Own-rooted trpes=100)

Stock
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This orchard was originally used as a test of different fertilizers and con-

tained one plot which had received no fertilizer. In 1925 this plot was in very

poor condition and since then it has received nitrate of soda at the rate of 500

or 300 pounds per acre. It is interesting to note that these trees have steadily

improved in vigor, and for the past two years the crop has compared favorably

with that of the fertilized plots, considering that the trees are considerably

smaller.

Comparison of Cultivation and Sod in a Bearing Orchard. (J. K.

Shaw). This experiment has continued as modified in 1927. The sod plot re-

ceiving potash in addition to nitrogen continues to give an apparently larger

jneld of Mcintosh and possibly of Baldwins than the companion plot receiving

only nitrogen. The sod plot receiving 500 pounds per acre of nitrate of soda con-

tinues to yield slightly better than the plot receiving only 300 pounds. The cul-

tivated plot with 300 pounds per acre of nitrate yielded more in 1931 than the

plot without nitrogen, but not such a remarkable excess as in earlier years.

It seems doubtful whether an orchard can be maintained in sod so as to

give maximum yields, even with rather liberal applications of nitrogen.

The orchard formerly used in a study of head formation in apple trees is now
used for a fertilizer test, and regarded as a part of this project. Three of the

seven plots received no fertilizer from planting to 1931, while the other four

received nitrate of soda at the rate of 200 pounds per acre beginning in 1925. Be-

ginning in 1931 two of the unfertilized plots received nitrate at the rate of 300

pounds per acre applied in the fall, while two of the nitrate plots received muriate

of potash in the spring at the rate of 200 pounds per acre. There are no indica-

tions that potash has increased yields, while the fall nitrogen applications after

the harvest could not influence the crop in 1931. The nitrogen plots yielded

between two and three times as nuxch as the plots which never have received

nitrogen.

Comparison of Clover Sod and Grass in a Sod Mulch Orchard. (J. K.
Shaw). This orchard was limed in the spring of 1931 and the fertilizer treatments

continued as before. White clover continues to prevail in the potash-phosphorus-

lime plots, but the yields in 1931 were only about one-half those of the complete

fertilizer plots. The percentage of fruit dropping was, as last year, larger on the

complete fertilizer plots.

Tests of DilTerent Amounts of Nitrate of Soda. (J. K. Shaw). This

project has been modified by applying the fertilizer only in the non-bearing

j'ear. This calls for omitting fertilizer in the spring of 1932. Yields continue to

be larger with larger amounts of nitrogen.

Comparison of Cultivation and Heavy Mulching for Apples and
Pears. (.1. K. Shaw). Most of the pear trees have been removed from this

orchard. Since it is apparent that cultivation without nitrogenous fertilizers

is not a wise orchard practice, the cultivated plots received nitrate of soda at

the rate of 300 pounds per acre beginning in 1931. The Mcintosh trees have
apparently responded to this treatment, giving the largest j'ield of any year
except in the heavy crop year of 19.30. The Wealthy trees have given a less

distinct response but the crop was very small, this being the off-bearing year.

The Effects of Fertilizer Limitation on Fruit Plants. (J. K. Shaw).
The old ".soil test'' field was replanted in the spring of 1931 with own-rooted
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Mcintosh and Wealthy apple trees. Care was taken to have the trees on the

sev( ral plots of the same average size, though the individual trees showed some
differences owing to variation among the trees available. With one or two
e.xccptions the trees started and made good growth. The fertilizer treatment

on Plot 11 was changed to 8 pounds superphosphate, 53^ pounds muriate of

potash and 8 pounds nitrophoska and that of Plot 13 to 143-^ pounds superphos-

phate, 8 pounds muriate of potash and 12 pounds of tankage. The fertilizer

treatment of all other plots was continued as in previouus years.

Role of Potash and Lime in Fruit Tree Nutrition. (J. K. Shaw). This

study by means of pot cultures was continued. The use of sulfur to acidify soil

from the potash-phosphorus-lime plot proved very injurious to the trees. Lower-
ing the pH value to 4.0 or less apparently prevented nitrification and nearly or

quite prevented growth of the seedling peach trees used as indicators. Alum-
inum sulfate used for the same purpose had little effect. Nitrogen carriers other

than nitrate of soda favored growth. These included ammonium sulfate, urea,

calurea, blood, fish, and cottonseed meal. Lime favored growth as in previous

years.

Effect of Potash and Lime on Apple Trees. (J. K. Shaw). This project

is carried on in a sod orchard of Wealthy trees planted in 1915. It was planned
to throw light on several c^uestions that are of interest to fruit growers, the most
important of which were the value of the addition of potash and phosphorus to

nitrogen, and the value of lime as a supplement to the different mixtures used.

As the trees tend strongly to biennial bearing, some trees bearing heavily one
year and some the other, the yields must be considered in two-year periods.

It was assumed that in this orchard nitrogen was necessary. The question

whether potash added to nitrogen increased the yield is not yet positively an-

swered. Half of the plots were limed and half were unlimed. The unlimed plots

averaged 8 per cent more than the limed plots in 1930-1931. The nitrogen plots

yielded about one-third more than the plots without nitrogen, while with the

1928-1929 crops the increase was about one-fifth. This suggests the probability

of increasing differences in later years.

The potash and phosphorus plots yielded moderately heavy crops and there

is reason to believe that on this soil such a fertilizer is better than none. The
average plot yield per tree varied from 382 pounds to 855 pounds. It is evident

that factors other than fertilizer treatment are responsible for the larger differ-

ences in yield.

Study of Varieties of Tree Fruits. (J. K. Shaw and O. C. Roberts). This

project has been broadened to include small fruits as well as tree fruits. It is

impossible to say with accuracy just what varieties are "new." We have the

follow'ing numbers of varieties which we consider may be called new: apples, 59;

peaches and nectarines, 33; pears, 5; plums, 11; cherries, 8; grapes, 20; black-

berries, 9; raspberries, 20; blueberries, 16; strawberries, 16. IMost of these

varieties will doubtless prove of no value, but among them are probably a very

few that will rise to considerable commercial in.portance.

Among the new varieties of apples are about a dozen red-fruited variants

from well-known varieties. Some of these promise well; others are little better

than the older varieties. There are several distinct sports of Gravenstein among
which the one originating in Washington and distributed by the New York
Fruit Testing Association seems superior. Starking and Richared seem to be

more desirable than Delicious. It is not known that Gallia Beautv is a bud
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sport of Rome, but we have been unable to distinguish between trees of these

two varieties. Gallia Beauty seems like Rome in fruit and superior in color to

both Rome and Red Rome. We now believe that there may be two "strains" of

Mcintosh, one of which shows striping while the other does not. l^sually one is

nearly, or quite, as well colored as the other. Red Spy is more red than Northern

Spy, but it is not much more attractive in appearance than well-colored speci-

mens of Northern Spy. Red Duchess is but little better in color than Oldenburg.

Golden Delicious is too much inclined to be russeted and to wilt in storage

to be desirable for planting here. It bears at an early age, produces well and is

of high quality. It may be worth planting for a special market. Macoun con-

tinues to give promise and is well worth extended trial.

The New Jersey peach varieties continue to promise well and will in time re-

place most of our present early and mid-season varieties.

Portland is a promising early white grape. Among new raspberries, Lloyd

George produces large berries of good quality, a few being produced in the fall.

Thus far it has been resistant to mosaic. Newburgh continues promising; its

greatest fault is that it is very thorny, making picking somewhat unpleasant.

The Howard 25 strawberry which we have tested for several years has been

introduced to the trade as Howard Supreme and is now available to strawberry

growers. It has been very productive, exceeding Howard 17 (Premier) during

the past five years as follows: 28, 50, 15, 98, and 58 per cent. It should be re-

membered that these figures represent small plots in the vicinity of its place of

origin. It remains to be seen whether it will maintain this high productiveness

under extensive commercial tests. It is an imperfect or pistillate variety.

Fruit Bud Formation in the Strawberry. (R. A. Van Meter). This

project was started in the spring of 1928 to study the effect of the supply of

soil nitrates on fruit-bud formation and fruit production. Nine fertilizer treat-

ments are involved, each replicated five times on plots of thirty plants each.

Runner plants were removed.

There were applied to each plot two pounds of a mixture of 200 pounds of

superphosphate and 50 pounds of muriate of potash. This was worked into the

soil after the plants were set.

Differential treatments to the 1931 plots were as follows:

1—No nitrogen.

2—August 17, nitrate of soda.

3—August 17, sulfate of ammonia.
4—August 17, calurea.

5-—September 15, nitrate of soda.

6—September 15, sulfate of ammonia.
7—September 15, calurea.

8—October 19, sulfate of anmionia.
9-—To be applied in spring, sulfate of ammonia.

The treatments have made no apparent differences in plant growth during the

first summer.

Bud Mutations. (W. H. Thies). The selections from bud sport limbs have
made good growth, but it will be several years before they all reach fruiting age.

Light Pruning of Young Grapevines. (B. D. Drain). This project was
discontinued, following the resignation of Prof. Drain. The work indicated

possibilities of greater leaf area and heavier production on vines lightly pruned
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with thinning of the blossom clusters, as compared with the heavy pruning usually

given grapevines.

Storage of Mcintosh Apples Under Various Conditions. (O. C. Roberts

cooperating with C. I. Gunness and W. R. Cole). This work has been continued

in much the same manner as reported one year ago, with a few changes and ad-

ditions as stated in the report of the Department of Agricultural Engineering

.

Study of Various Spray Materials. (O. C. Roberts cooperating with A. I.

Bourne). This year certain spray materials were given further field tests, and a

few materials not tested previously were included. A summary of this project is

contained in the report of the Department of Entomology.

Blueberry Culture. (J. S. Bailey). Propagation work has continued with

increased success. Five bo.x frames, as described by Johnston of Michigan, were

constructed and proved very satisfactory for this work. The rooting of dormant

cuttings taken in the spring was more successful than the rooting of green-wood

cuttings taken in the suuimer. Granulated imported peat was used as the prop-

agating medium. A preliminary experiment on the application of a complete

nutrient solution to the rooted cutting in the propagating beds gave promising

results. About 5000 cuttings of several varieties were rooted.

Cross Pollination and Sterility Studies with Certain Apple Varieties.

(F. C. Sears, O. C. Roberts and others). The work on pollination of apples was

continued with the following varieties: Mcintosh, Cortland, and Northern Spy.

DEPARTMENT OF POULTRY HUSBANDRY
J. C. Graham in Charge

Broodiness in Poultry. (F. A. Hays). Non-broody and intense broody

lines have been continued. The plan is to develop both lines for genetic similar-

ity, except for the genes concerned with broodiness and with the intensity of

broodiness. The non-broody generation hatched in 1930 consisted of 36 birds.

Of this number 29 or 80.56 per cent were non-broody during the first laying

year and averaged 227 eggs. The 7 broody birds in this line averaged 192 eggs.

The intense-broody line of 1930 consisted of 23 birds and was 100 per cent broody.

The mean egg record of this line was 180.

Data indicate that degree of broodiness is inherited. In general, a high de-

gree of broodiness seems to dominate a low degree of broodiness in crosses.

Breeding Poultry for Egg Production. (F. A. Hays and Ruby Sanborn).

Early sexual maturity and high persistency are the most uniform inherited char-

acteristics in the flock. Intensity is high in the flock as a whole, but the varia-

bility in families is high. Special attention is being given to matings to secure

greater uniformity for high intensity. The percentage of broodiness in this

flock does not exceed 10 per cent.

Special attention is being given to improving egg size without sacrificing

desirable fecundity traits. There has been an increase in egg size, but the mean
annual production for the last flock was only 206 eggs. \'igor, as measured by
mortality rate in the laying houses, has been improved and hatchability is

constantly increasing.
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Statistical Study of Heredity in Rhode Island Reds. (F. A. Hays and
Ruby Sanborn). Complete data on the cost of raising pedigree pullets and cock-

erels to 162 days of age were collected on the Station flock and reported in

Poultry Science, May, 1931. All data on time required to reach standard egg

weight have been tabulated for use. Data on types of intensity and on persist-

ency have been prepared for publication.

A Genetic Study of Rhode Island Red Color. (F. A. Hays). Birds bred

for standard qualifications above gave an average annual production of 130 eggs.

Those selected for color from the production strain averaged 196 eggs. First-

generation females produced by crossing high-fecundity females with a standard-

bred male exhibited early sexual maturity, high intensity, and high persistency,

further substantiating the dominance of these traits. Broodiness was increased

to 55 per cent. The mean annual egg record of this first generation was about 195.

In plumage color the first generation cross is intermediate between the parent

color. There is, however, a considerable range in plumage color. The effects of

heterosis were shown by increased body weight.

Determination of Genetic Laws Governing Results of Inbreeding.

(F. A. Hays). Mating father on daughters resulted in a marked decrease in

annual production as compared with the parental stock. The mean egg record

of the inbreds was 180 eggs while that of the parental stock was well above

200 eggs. The second generation produced by half brother-sister matings is not

promising.

Hereditary and Environmental Characteristics Affecting Variability

in Egg Production. (F. A. Hays). This experiment has been concluded with

the generation hatched in 1930. Results will be published in the near future.

Factors Affecting Egg Weight and Shell Character in Domestic Fowl.

(F. A. Hays). Three lines are being developed based on the ability of the females

to lay 52-gram, 57-gram and 59-gram eggs, respectively, in the month of Decem-
ber. The fourth generation was hatched in 1931. The data so far substantiate

the proposed theory that gene A for small eggs is epistatic to gene B for large eggs.

Relation of Intensity or Rate of Laying to Feather Pigmentation.
(F. A. Hays). This project terminates with the generation hatched in 1930.

Data are being prepared for publication.

DEPARTMENT OF VETERINARY SCIENCE
J. B. Lentz in Charge

Poultry Disease Elimination Law. (H. Van Roekel, K. L. Bullis, O. S.

Flint, and Miriam K. Clarke). During the 1930-31 season, 402,983 blood samples,

representing 356,810 chickens in 447 flocks, were tested for pullorum disease.

Compared with the previous season, increases were observed in the number of

tests and the number of tested birds. The average percentage of infection was
1.47, the lowest attained in eleven seasons. The number of birds in 100 per cent

tested, non-reacting flocks increased. Infection was found in 26 flocks which
were non-reacting in 1929-30. The reported possible sources of infection were
failures to observe sound eradication measures. No reactors were detected among
2,099 fowl other than chickens.
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A three-day conference for poultry disease laboratory workers of the Eastern

States was sponsored by this hxboratory. Thirteen states and two Canadian
Provinces were represented. PuUorum disease, coccidiosis, and infectious laryn-

gotracheitis were discussed. The purpose of this conference was to solve poultry

disease problems and to standardize and adopt uniform, sound methods which
will prove practical and effective in control or eradication.

Pullcrum Disease Investigations. (H. \ an Roekel. K. L. Bullis, O. S.

Flint, and Miriam K. Clarke).

1. Twenty hens negative to the tube agglutination test were allowed to

range on soil contaminated with droppings collected each week from reacting

hens. Two yards, approximately 8 x 12 feet, were used alternately for periods of

six weeks. At the end of the first six weeks, twelve birds were added to the

flock. All hens continued to be negative to the agglutination test. Twelve birds

died during the course of the investigation and at the end of 24 weeks, the re-

maining birds were necropsied. S. pullorum was not isolated from these 32 birds.

2. Twenty-four non-reacting pullets (eight weeks old) from a pullorum

disease free flock were placed with twenty-four reacting pullets (nine to thirteen

weeks of age) from an infected flock. The two groups were kept together until

sexual maturity was attained. The non-reacting pullets remained negative for

111 days while in contact with the reactors, and for 70 days after the reactors

had been removed.

3. Five hens and seven pullets negative to the tube agglutination test were

fed fresh eggs laid by pullorum-infected hens. All birds were fed a minimum of

30 feedings and one received as many as 65. Each bird received one egg per day

and was tested at frequent intervals. All birds were necropsied one month after

the last feeding with the exception of one which died of a septicemic form of the

disease 14 days after the last feeding. Two hens, including the fatal septicemic

case, became definitely infected as indicated by agglutinins in the blood stream

and the recovery of 5. pullorum at necropsy. In two pullets, agglutinins were

produced but 5. pullorum was not isolated.

4. The testing of naturally and artificially infected chicks revealed that

agglutinins were first detected between the ages of three and four weeks. Among
chicks artificially infected and first tested at the age of four weeks, all infected

individuals were detected as reactors before twelve weeks of age. Some reactors

detected during this age interval later became negative. 5. pullorum was isolated

from chicks four to eight weeks old whose sera did not agglutinate pullorum

antigen.

5. Pullorum infection was not established in pigeons when a suspension of

the organism was fed to two pigeons and instilled into the eyes of two others

for a period of six weeks. The birds were negative according to the tube agglu-

tination test and on necropsy S. pullorum was not isolated. Three additional

pigeons were inoculated intraperitoneally. Clinical manifestations of the disease

and agglutinin j)roduction were observed. The disappearance of agglutinins was

rai)id and on necropsj^ S. pullorum was not recovered.

6. Sparrows appear to be susceptible to pullorum disease, as demonstrated

by subcutaneous and intraperitoneal inoculations, by instillation into the eye,

by forced feeding, and by exposure to contaminated feed and litter. Characteristic

gross lesions of pullorum infection were observed and 5. pullorum was recovered.

7. Concentrated pullorum antigen stored at 8° C. was tested at frequent

intervals. The comparisons with freshly prepared antigens revealed that the

antigenic properties were not afTected at the age of 64 weeks.
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8. Dilvitc pulloruin antigen was divided into three equal parts. One part

was titrated to pH 8.4, one part to pH 7.2, and one part to pH 7.2, but raised to

Hp 8.4 at the time of each test. The antigens were stored at 8° C. and tested

at frequent intervals with five positive and five negative pullorum sera. Consis-

tent macroscopic antigenic differences were not observed among the antigens

over a period of fifteen weeks.

9. Antigens were prepared monthly from three sets of cultures over a period

of 45 weeks. Two sets of cultures were transferred at monthly intervals, one

being retained at 8° C. and the other at room temperature (approximately 22°

C). The third set was transferred at weekly intervals and retained at room
temperature. Comparative tests of these antigens during this period revealed

no consistent antigenic macroscopic differences.

10. S. pullorum was observed to remain viable on a dry piece of cloth in a

Kolle flask for 26 weeks. The viability observations are being continued.

Laboratory Service—Pathology. (G. L. Dunlap). This service was used

by 311 persons, 92 of whom called either to deliver specimens or to discuss

poultry diseases. A total of 1,046 specimens was received. Parasitic infestations

continue to be the most frequent diseased conditions sent to the laboratory.

Avian tuberculosis, fowl cholera, and fowl typhoid were not encountered this

year. Carbon monoxide poisoning was diagnosed in two lots of chicks.

B. aerytrycke infection has been found in a number of pigeon lofts and an at-

tempt is being made to eradicate the disease in one loft by means of the agglu-

tination test.

A study was made of so-called "crazy chicks." The uric acid contfnt of the

blood of affected chicks was found to be two to six times greater than normal.

Epithelial degeneration of the kidney and proventriculus was the prominent
lesion. Details of this work were presented at the annual meeting of the Ameri-
can \'eterinary Medical Association (Kansas City, August, 1931) as Massachu-
setts Agricultural Experiment Station Contribution 125, "An Ataxia of Chicks
Associated with Nephritis."

The causes of mortality in the Station flock are being studied in an effort to

minimize these losses.

Farm and Station Bang's Disease. The laboratory, in assisting this

project, has recorded 966 agglutination tests.

Infectious Laryngotracheitis. (C. S. Gibbs). Studies on chronic carriers

of infectious laryngotracheitis in poultry have been continued. Among 520
birds examined by direct swabbing of the trachea, 17 chronic carriers have
been found. The longest time a carrier eliminated virus was 378 days and the

shortest time was 14 days. Three of the chronic carriers have not yet completed
the carrier stage. Thirteen may be classified as constant and four as intermittent

in type. A more expedient test to detect chronic carriers is needed.

Studies indicate that the most common channel of infection is the respiratory

tract.

Pullets and cockerels, as well as adult birds, may be immunized bj^ intravenous

and subcutaneous inoculations of small doses of filtered virus over a long period

of time. No practical method for immunization of birds on a large scale is rec-

ommended.
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Moldy Corn. (C. S. (Jibbs). The feeding of moldy corn did not produce

watery eyes or laryngotracheal symptoms, as has been reported. Severe intes-

tinal reactions occurred in all of the chickens when first placed on the moldy
corn ration, and one died of enteritis. After feeding on moldy corn continuously

for four weeks, the chickens apparently developed a tolerance and did not show
any further ill effects.

Infectious Bronchitis. (C. S. Gibbs). A streptococcus has been found in

baby chicks apparently responsible for an epizootic with symptoms resembling

infectious laryngotracheitis. The microorganism is a new species and attacks

the bronchial tubes of baby chicks. This disease should be called infectious bron-

chitis, and it should not be confused pathologically with infectious laryngotra-

cheitis, which is due to a filtrable virus.

Avian Paralysis. (C. S. Gibbs and G. L. Dunlap). A limited study of avian

paralysis has been made. Nutritional, parasitic, and neoplastic types have been

recognized. These three types are distinct entities. The first two forms are

preventable and sometimes curable. The neoplastic form of paralysis is not so

well understood and presents a real problem to poultrymen and pathologists.

Our studies have been confined largely to this type and are being conducted

along two lines.

1. Two groups of breeding fowls have been selected for mating to deter^

mine if the disease is transmitted through the egg. One group of these fowls

has a definite history of paralysis, while the history of the other is free of the

disease. One hundred and ninetj'-nine chickens hatched from these matings are

under observation.

2. Sixty-four chicks have been inoculated by different methods, using neo-

plastic tissues from affected fowls to determine if this material is infectious.

Some of these birds are still under observation.

THE WALTHAM FIELD STATION
(Waltham, Massachusetts)

Ray M. Koon in Charge

The research work of this Station has been conducted principally along the

same lines as in 1930. As rapidly as results have been obtained they have been

released to the commercial growers for application to their problems, without

waiting until the completion of the entire project.

The use of the Station as a center of practice demonstrations and as a bureau

of horticultural information has shown a marked increase. During the year

1400 persons visited the Station seeking individual assistance from members of

the staff; Field Day attracted 860 more; the attendance at the School for Com-
mercial Florists was 140; and 657 registered at the School for Home Gardeners.

Thus the Station has served some 3000 visitors who have come for one reason or

another. Telephone queries have numbered 1345, and 2450 letters (not circular)

have gone out in answer to requests for information.

A strong interest has been manifested by the commercial nurserymen in

having the Experiment Station institute investigations in their behalf at the

Waltham Station. A bill for an appropriation to provide for this work is in the

process of drafting and will be presented to the legislature during the session of

1932.

I
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For reports on experiments conducted at this Station, in addition to those

listed under this caption, see report of the Departments of Botany, Entomology
and Floriculture.

The Plant House. (P. \\'. Dempsey). Interest on the part of growers in

this superior method for growing plants continues. A new set of plans including

some improvements over the original plant house has been mimeographed, for

the purpose of mailing in response to definite requests. Since this project was
started in 1928, some 2000 copies of plans and specifications have been dis-

tributed throughout New England, and many visitors have come to the P'ield

Station with the sole idea of looking over the model plant house which has been

erected here.

Electricity as a Source of Heat in the Hotbed and Propagating Bench.
(P. W. Dempsey). Three hotbeds of four sash each were operated in the early

spring to determine the comparative merits of manure, hot water and electricity

as sources of heat. Considering both the cost and the results obtained, electricity

at 5 cents or less per kilowatt hour is entirely practical for the grower using less

than fifteen sash. The commercial production at a fair price of a practical lead-

covered, almost foolproof, heating cable and a reliable thermostat makes this

new method of heating hotbeds available to the grower. Work will be continued

to gain more essential knowledge along this line. A mimeographed set of plans

and specifications was made in the late spring and over 200 copies have been

distributed in response to requests for information.

The same equipment, cable and thermostat can be used as a source of bottom
heat in the propagating bench and elsewhere in the greenhouse. Last winter

considerable work was done using strip heaters, coiled resistance wire, and other

heating elements, but all of these became decidedly antiquated upon the intro-

duction of the leafl-covered cable in February of this year. At present, December,

1931, there are being maintained five different temperatures under carnations,

four different temperatures in the propagating bench, and a heating cable under

two rows of cucumbers providing a differential af 10° F.

Most of this work is done in cooperation with the Edison Electric Illuminat-

ing Company of Boston and the General Electric Company.

Vegetable Variety Trials. (P. W. Dempsey). Forty varieties and strains

of lettuce were planted at various times during the season. The so-called "White
Big Boston" variety continued to show outstanding qualities that make it worthy
of trial by lettuce growers. For three years unsatisfactory results have been

obtained from many strains of the Black Seeded Tennis Ball type. From similar

reports made by growers it would seem that this variety may be going to pieces.

We have been recomn^ending it for years as the standard head lettuce variety.

Next year we are planning a thorough study of the Black Seeded Tennis Ball

and White Big Boston varieties.

Fifty-two strains and varieties of sweet corn were planted at two different

dates. Spanish Gold, a new introduction from Dr. Jones of Connecticut, showed
up exceptionally well as a high yielding early yellow corn. Golden Gem as the

earliest yellow corn of fair size and good quality, and Golden Sunshine as a

standard variety to replace Golden Bantam continued to show great promise

for the future.

Forty strains and varieties of beets were seeded in two plantings. The var-

iety names Crosby Egyptian and Early Wonder are practically synonymous.
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The several strains of each variety tested for the past four years show decided

similarity in all characteristics. Dark strains of Crosby Egyptian are being

featured by seedsmen, their only difference from the old type being in the elim-

ination of the light zones showing so plainly on a cross section of most strains

of this popular variety.

Twenty-three varieties and strains of tomatoes were planted, half of the

number of plants of each strain being staked and the other half grown flat. The
new variety Break O' Day introduced by the L". S. D. A. did not show up well

in our trials. It was not as early as described in comparison with other varieties;

the plants were uneven in maturity and type of growth; and the fruit was uneven
in shape, size, and color. Bison and Progress, two new varieties from North
Dakota, proved unsatisfactory since most of the fruit was of exceptionally poor

shape. After four years in our trials we have decided not to include the Burbank
variety again. From our results it appears to be a poor strain of Earliana.

Asparagus Investigations. (Robert E. Young).

Fertilizers. Two of the three series of asparagus fertilizer plots planted in

1928 were cut for the first time this season. The growth of the asparagus on the

Concord plots was so small that the cutting of any spears would have permanently

injured the bed. The beds at Waltham and Eastham were cut for a period of

two weeks each. Because of the short cutting period, the yield records cannot be

interpreted to the extent of saying that any one fertilizer treatment was better

than another. There was a wider spread in yields between duplicate plots with

the same treatment than between different treatments.

The pH determinations have been made on all of the plots to determine the

effect of the different fertilizer combinations on the soil reaction. In all three

experiments, organic fertilizers such as fish, guano, cottonseed meal and goat

manure had a marked tendency to make the soil acid. The depression of the

pH was as much as two points in some instances. The application of ammonium
sulfate did not have the same effect on the pH on all plots. On the sandy soil on

the Cape this fertilizer did not affect the soil reaction to a very marked extent

except on the acid soil. On these plots the growth was less than half as high as

on the surrounding plots, and the stand had decreased 50 per cent. On the

\A'altham plots, sulfate of ammonia did not affect the soil reaction very signi-

ficantly.

The growth of the asparagus on the plots at Eastham has varied quite widely.

Before the asparagus was planted, one-half of this land had a crop of carrots

that was not harvested but plowed under; a large crop of turnips was harvested

from the other half. The asparagus plots located on the soil which had previously

grown the carrots produced a much larger yield than did the other plots. The

line of demarcation was plainly visible throughout the growing season. The

yield records from these plots show that the most important factor in the growth

of asparagus in the Merrimac coarse sand, which is typical of the soil on Cape

Cod, is the supply of organic matter in the soil.

Depth of Planting and Height of Cutting. The cutting season for these plots

was the full period of six weeks. The records for the cutting show that the

more green that is allowed to develop (8 inches to 12 inches), the more pounds

of asparagus may be removed per acre. There was no significant difference in

yield per plant of asparagus planted at the various depths; but there was a wide

variation in the mortality of plants planted at the various depths, as is shown

by the following table.
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Depth of planting Plants alive

Inches Per cent

2 89

4 87

6 81

8 70

This reduction in the nimiber of plants would decrease the yield per acre to

a very marked extent.

Seed Improvement. (Robert E. Young, Waltham). Selections were made
from eight Fj strains of Blue Hubbard Squash. Some of the strains show promise

of being high yielders and of high quality, but these strains are not the shape

that is desired by our market. Crosses have been made with other strains to

obtain the desired shape. Dry matter was determined on many squashes and

some variations were found. Some selections will be made on this basis to try

to obtain dry type squash.

Selections were continued on twenty strains of Horticultural Beans. The
beans from a few of the strains showed the color desired by our market. Studies

are being continued in the greenhouse to determine the factors affecting colora-

tion of the bean pods.

The sport of Oshkosh pepper that has been grown at the Waltham Field

Station for some time has been found to set well under the adverse conditions

sometimes found around Boston. This pepper produces fruits that are varied

in shape and not \ery desirable for green peppers. Selections and crosses are

being made to improve this condition.

Selections are being continued on the Bel-May Lettuce to keep up the foun-

dation stock.

Selections on the Wyman Crosby Beet were continued for both shape and

zoning, in an attempt to improve the foundation stock of this beet.

The foundation stock of the Hutchinson Carrot is being maintained. One
thousand pounds of seed were produced in California for distribution in 1932.

COOPERATIVE TOBACCO INVESTIGATIONS
Conducted by the Bureau of Plant Industry, United States Department

of Agriculture, in cooperation with the Massachusetts Agricultural

Experiment Station. C. V. Kightlinger, U. S. D. A., in Charge

Black Root-Rot. (C. V. Kightlinger). In 1930 sixteen different strains of

Havana Seed tobacco were grown in the field in an attempt to find, if possible,

strains that, under Connecticut ^'alley conditions, are satisfactory for resistance

to black root-rot, for type of plant, for tj^pe and quality of leaf, and for produc-

ing capacity. Four of these were strains of Havana Seed commonly grown in

the Connecticut Valley, known to be acceptable for type of plant and type and

quality of leaf, and used as standards of comparison in these respects. One
strain was Havana 142A3, known to be satisfactorily resistant to black root-rot,

and used as a standard of comparison in this respect. Eleven strains were new
strains of Havana Seed whose properties had never been determined under Con-
necticut Valley conditions.

In these tests, none of the more common strains of Havana Seed showed sat-

isfactory resistance to black root-rot as strains, nor was it possible to select
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individual plants within these strains which seemed to be satisfactorily resistant

Eight of the new strains seemed to be approximately as resistant to black root-,

rot as Havana 142A3, as determined by comparision of producng capacities

and infections of black root-rot when grown in soil which was heavily infested

with Thielavia basicola.

The producing capacitj'^ of the four common strains, of Havana 142A3,

and of these eight new strains, as indicated by the yields in 1930 on soil free or

nearly free of Thielavia basicola, are shown in the following table:
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PUBLICATIONS
Bulletins

270 Meteorological Records—A Fort y-Year Summary, 1889-1928. C. I. Gunness.

20 pp. December, 1930.

T}iis is a monthly summary of records kept at this institution since the work was started

in 1889. The position of the observatory is given, with enough information about the in-

struments used to enable the reader to interpret the records.

271 Annual Report for the Fiscal Year Ending November 30, 1930. 64 pp.

February, 1931.

The main purpose of this report is to provide an opportunity for presenting, in published

f j/^ form, recent results from experimentation in fields or on projects where progress has not been
'^ such as to justify the general and definite conclusions necessary to meet the requirements of

bulletin or journal.

272 E.xperiments with Hedges. Frank A. Waugh. 24 pp. March, 1931.

Hedges are coming back into fashion. They always were both useful and beautiful when

properly placed and well kept. They serve as boundaries on property lines, as enclosures

to gardens, as windbreaks, and for privacy in the home grounds. Many species of trees and

shrubs will make good hedges under suitable management. This fact gives range for critical

choice of materials. The Department of Landscape Architecture, Massachusetts State

College, has maintained a demonstration and experimental garden for testing hedges for

ten years, and this bulletin is a report of that work.

273 Infectious Trachitis. Charles S. Gibbs. 32 pp. April, 1931.

Infectious trachitis has been the cause of heavy losses to the poultry industry in the

State of Massachusetts. Evidences are apparent that these losses are increasing, and there

is a pronounced interest in methods of prevention and control. This study of the disease,

its symptoms, pathology and mode of transmission, was undertaken to furnish a basis for

procedure in perfecting control methods. (Technical).

274 The Identification of Apple Varieties from Non-Bearing Trees. J. K.

Shaw and A. P. French. 32 pp. April, 1931.

Much of the disappointment and financial loss caused by planting misnamed trees could

be avoided if varieties were known as young trees in the nursery, or even if misnamed trees

were detected soon after planting in the orchard. Varieties of apples can be recognized by
tree and leaf characters as easily and surely as by the characters of the fruit. This bulletin

discusses and illustrates some of these characters.

275 Planning the Farm Business on Three Dairy-Fruit Farms in Massachusetts.

R. L. Mighell. 28 pp. June, 1931.

Farm adjustments made by individual farmers often serve as valuable guides to others

in similar situations. This study presents an analysis of some common types of problems

for which solutions have been found to fit in these particular cases. Exactly the same ad-

justments might not fit other farms. They may, however, serve as suggestions to other

farmers in like situations.

276 Increasing Soil Acidity as a Means of Controlling Black Root-Rot of To-
bacco. WDliam L. Doran.. 30 pp June, 1931.

Soil with a pH value of about 5.9 or higher are favorable to the growth of the fungus
which causes black root-rot and are therefore unsafe for tobacco. The primary object of the

work here described was to study means of lowering the pH value of soil infested with Thielavia

basicola, and thereby decreasing the loss caused by black root-rot of tobacco.

277 Flower Pot Composition and Its Effect on Plant Growth. Linus H. Jones.

16 pp. October, 1931.

The ordinary flower pot of fired clay has been the standard plant container for many
years. In recent years, however, flower pots of other materials have come on the market;
and of these, paper pots have received most consideration because of their economic advan-
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tages. A result of this interest has been a pronounced demand for reliable information con-

cerning the comparative merits of different types of containers. The investigation reported

in this bulletin was begun in response to this demand, and has given results which are applic-

able either to the production of greenhouse plants in wholesale quantities or to the growing

of a single house plant.

278 Infectious Laryngotracheitis Carriers. Charles S. Gibbs. 12 pp. Decem-

ber, 193L
The investigations on infectious laryngotracheitis for the past year at this Station have

centered largely around carrier problems and control measures. While the goal has not been

reached, important advances have been made, and the disease can now be handled under

laboratory conditions more effectively than it was a year ago. The results contained in this

paper are in no sense complete, but are published in the hope that poultrymen and others

interested in the control of infectious laryngotracheitis may find in them some practical

applications under field conditions.

279 Onion Spraying and Dusting Experiments. W. L. Doran and A. I. Bourne.

12 pp. December, 1931.

In 1927 and 192S seed onions died prematurely in the Connecticut Valley of a disease

here designated as blast. In earlier years, downy mildew of onions has also sometimes caused

a reduction in yields. The field experiments here described were undertaken with the object

of learning to what extent fungicides will protect onions against these diseases.

Control Bulletins

58 Eleventh Annual Report on Eradication of Pullorum Disease in Massachu-

setts. H. Van Roekel. 24 pp. May, 1931.

59 Inspection of Commercial Feedstuffs. Philip H. Smith. 49 pp. 1931.

60 Inspection of Commercial Fertilizers. H. D. Haskins. 50 pp. December,

1931.

61 Inspection of Agricultural Lime Products. H. D. Haskins and H. R. DeRose.

6 pp. December, 1931.

Meteorological Reports

505-516, inclusive. Montlily reports giving daily weather records, together with

monthly and annual summaries. C. I. Gunness.

Reports of Investigation in Journals

(Numbered Contributions)

108 Increase in Egg Weight during the Pullet Laying Year. F. A. Hays. Poultry

Sci. Assoc. Proc. 1930.

109 Linkage Relations between Genes for Egg Size and Genes Concerned in

High Fecundity in Domestic Fowl. Frank A. Hays. Proc. World's Poultry

Congress, 1930:134-138.

110 Effect of the Structure and Moisture of Plant Containers on the Tempera-

ture of Their Soil Contents. Linus H. .lones. .lour. Agr. Research 42:375-

378. March 15, 1931

.

112 Calcium Requirements of Dairy Heifers. J. B. Lindsey, J. G. Archibald,

and P. R. NeLson. Jour. Agr. Research 42:883-896. June 15, 1931.

113 Saprophytic and Secondary Microorganisms Occurring in the Respiratory

Tracts of Domestic Fowls and Chickens in Health and Disease. Charles

S. Gibbs. Jour. Bact. 21:97-109. February, 1931.

114 Packed Heat from a New Type of Electric Steam Generator. Howard
Bidwell and Linus H. .lones. Indu.s. and Engin. Chcm. 23: March, 1931.

115 Intensive Grassland Management. Kichard C. Foley. Amer. Soc. Anim.

Prod. Proc. 1930.
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116 Further Evidence of a Potash-Lime Deficiency in a Sandy Loam Soil.

J. K. Shaw. Amer. Soc. Hort. Sci. Proc. 1930:12-14.

117 Recent Developments in Nursery Variety Certification. J. K. Shaw. Amer.

Soc. Hort. Sci. Proc. 1930:82-84.

118 Cost of Raising Pedigreed Pullets and Cockerels. F. A. Hays. Poultry

Sci. 10:178-182. May 1, 1931.

119 The Relation of Temperature to Egg Production. J. C. Graham. Poultry

Sci. Assoc. Proc. 1930.

120 The Assimilation of Nitrogen by Tobacco. A. B. Beaumont, G. J. Larsinos,

P. Piekenbrock and P. R. Nelson. Jour. Agr. Research 43:559-567. Septem-

ber 15, 1931.

Other Contributions to Journals

(Unnumbered)

Study Proves (Jlass Superior Container for Growing Plants. L. H. Jones. The
Glass Container 10(5):12-41. March, 1931.

Test Pots for House Plants. L. H. Jones. The Florists' Review (Chicago)

69 (1774):19-21. November 26, 1931.

Insect Pests of Massachusetts Orchards in 1930. A. I. Bourne. Mass. Fruit

Growers' Assoc. Rpt. 1931.

Will Recommended Control Measures for Apple Maggot Work in Massachusetts?

A. I. Bourne. Mass. Fruit Growers' Assoc. Rpt. 1931.

A Test of Certain Spray Materials. O. C. Roberts and A. L Bourne. Mass.

Fruit Growers' Assoc. Rpt. 1931.

Control of the Plum Curculio in Apple Orchards. W. D. Whitcomb. Conn.

Pom. Soc. Rpt. December 1930.

The Curculio and the Weather. W. D. Whitcomb. Mass. Fruit Growers' Assoc.

Rpt. 1931.

The Plum Curculio—An Apple Pest. W. D. Whitocmb. Fruits and Gardens

47:3-4. April, 1931.

Control of Root \A'eevils on Taxus and Other Nursery Plants. W. D. \Miitcomb.

Natl. Nurseryman 39:5-6. June, 1931.

Time—Temperature—Humidity Relations in Dried Fruit Pasteurization. J. A.

Clague and C. R. Fellers. .Jour. Bact. 20:30-31. January, 1931.

Preservation of Sweet Cider. C. R. Fellers. Fruit Products Jour. 10:333-335;

374-375. July and August, 1931.

CHANGES IN STAFF, DECEMBER 1, 1930, TO NOVEMBER 30, 1931

Appointments

Eisenmenger, Walter S., Ph.D., Research Professor in Agronomy, January 1, 1931-

Isham, Paul D., B. S., Fellow in Horticultural Manufactures, December 27, 1930-

Nagle, Margaret, Laboratory Assistant in Seed Law, February 1, 1931.

Thigpen, James E., B. S., Research Assistant in Farm Management, September

1, 1931.

Wait, Bernice C, Ph. D., Assistant Research Professor in Home Economics,

September 22, 1931.

Young, Robert E., M. S., Assistant Research Professor in ^'egetable Gardening,

June 1, 1931.

Zinmoski, P'elicia, Laboratory Assistant in Poultry Disease Control, Septem-

ber 1, 1931.
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Resignations

Stuart, William M., M. S., Research Assistant in Agronomy, June 30, 1931.

Wright, Kenneth E., M. S., Assistant Research Professor in Dairying, Septem-

ber 15, 1931.

Deaths

Cutler, W'alter L., Technical Assistant in Pomology, October 31, 1931.

Davies, Esther, Ph. B., Assistant Research Professor in Home Economics,

July 12, 1931.

Publication of this Document Approved by Commission on Administration and Finance

2500-3-.32. No. 4S82.
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Experiments with Permanent

Pastures

By A. B. Beaumont

A large proportion of the farm land of Massachusetts consists of stony

uplands more suitable for permanent pastures than for tilled crops.

The improvement of pastures by top-dressing with fertilizers offers

attractive possibilities. Although there are certain discouraging condi-

tions attending it, the goal is worth the effort; for the fact that large

areas have already reverted to forest shows what must happen to exist-

ing pastures if fertilizer is not applied, or if the price of milk is too low

to make such application profitable. A pasture which is weedy or run-

down because of a lack of plant food can be brought back to productive

condition only by the use of plant food.

MASSACHUSETTS STATE COLLEGE

AMHERST, MASS.



Fiji. 1.—Only a fence separates this unimproved (upper) from the impr.tved (lower)

pasture. Both fields are In the immediate vicinity of experiments A and B
descrihed in this hullctin. Fertilizer and lime have been the principal factors

in making, the difference.



EXPERIMENTS WITH PERMANENT PASTURES

By A. B. Beaumont, Professor of Agronomy

INTRODUCTION

When the farmers of the early colonial period first began to turn their stock

on the upland pastures of what is now the State of Massachusetts, they no doubt

found good to excellent grazing conditions. This is a fair assumption, because

practically all our present permanent pastures were originally wooded, and most

wooded areas, on account of the accumulation of leaf mold and forest debris,

are fertile for some years after clearing. It is well known that the productivity

of Massachusetts upland pastui'es is now generally very low. Just when these

l)astures l)egan to fail sufficiently to attract the attention of farmers is not clear

from records now available. Very likely, on account of sparseness of settlement

and constant clearing of new land, the pasture problem did not l)econie serious

until after the Revolutionary period. In any event, we find mention of this

problem in the records of agricultural societies of seventy-five to one hundred

years ago.

Charles L. Flint, (6) in an "Essay on Top Dressings for Mowings and Pasture

Lands." wrote in 1850, "it is a m tter of regret that the improvement of waste

lands has not been treated in a manner which its importance deserves

The idea was formerly entertained that pasture lands were sufficiently enriched

by the animals which fed them. Practical men begin to think otherwise." He
advised the use on pastures of such top-dressing materials as were then available

to the farmer, including meadow mud, peat mud, manure, lime, wood ashes,

land plaster, bone dust, charcDul, compost. Another writer (12) of about the

same period gives a rather accurate description of the condition of many Massa-

chusetts pastures of that time in the following words: "The great want of the

milk raisers and butter-makers at the present time, is the restoration to fertility

of their exhausted pasture lands. There are thousands of acres that for-

merly yielded good pasturage; they are covered with small bushes and mosses,

and yield so little grass, that ten acres will scarcely keep a cow. Many of these

pastures are rocky and hilly, and cannot be ploughed We do not expect

mowing lands without irrigation or top-dressing, to continue to yield crops for

successive generations. \Miy should we expect it of pastures?"

From the middle of the last century on to the present time more or less

frequent mention of the pasture problem is found in the literature. No doubt

the acuteness of the New England pasture problem was deferred until compara-

tively recent years by tremendous development of the grain sections of the

Middle and Far West. Imported grain concentrates were cheap, and they were

fed by dairy farmers without stint. Thus there was no strong economic urge to

improve pastures, and most New England farmers fell into the habit of regarding

the pasture as one part of the farm which could look out for itself. It is only

within the past decade or two that Massachusetts farmers have begun to think

of the pasture herbage as a crop which will give returns for labor and fertilizer

much as will hay, corn or any other crop.

The Pasture Problem

Massachusetts had a total population of 4,249,(314 or 528.6 p(>rsons to the

square mile, in 1930. With its large, compact urban population, with gtjod roads

and short distances, this State presents an ideal market for dairy products.
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Residents of Massachusetts annually consume milk and cream valued at approx-

imately $105,331,000 in 1929. Massachusetts farmers supplied milk and cream

valued at $23,094,170, or about 22 per cent of the total.' Present prices are

lower than those received in 1929, but the figures for the percentage of the total

supplied hold approximately.

According to the 1930 census 753,088 acres, or 37.6 per cent of the total farm

land, were classed as pasture in 1929. Of this amount 78.5 per cent was not plow-

able. For the same year the number of pasturable dairy animals was 184,369.

From these figures it would appear that the average carrying capacity of Massa-

chusetts pastures in 1929 was approximately 3<4 cow per acre, but even this

figure is generous because much supplementary barn feed was given cows on

pasture. It is conservative to say that by the use of approved methods of pas-

ture management, the carrying capacity of Massachusetts pastures can be

doubled. With one of the best milk markets in the world, this is a point worth

the careful consideration of Massachusetts dairy farmers.

In Massachusetts, as in other sections of the glaciated area of the north-

eastern United States, there are large areas of stony soils which on account of

the preponderance of stones and a rough topography are unsuitable for tilled

crops. Most of these soils have a fine-earth portion which ranges in texture

from a loam to a sandy loam, and which is sufficiently retentive of moisture and

in other respects suitable for pasture grasses and clovers. Such, for example,

are the Gloucester soils, a series which in Worcester County makes up 29 per cent

of the total land area. There are other soils in Massachusetts somewhat similar

in these respects to the Gloucester series.

While much of the area of rough stony soils is in timber, and possibly some

of the area now in pastures should revert to timber, it would seem wise to utilize

a large portion of the stony soils of good texture for pastures. Forests, on the other

hand, might be more extensively developed on the light, infertile, droughty out-

wash plains and on the roughest and most stony uplands. Massachusetts has

nmch land of the latter types.

Aside from the question of the best use of various soil types, the main prob-

lem of the Massachusetts pasture is that of the character of the vegetation. In

fact, the pasture problem of New England can be summed up in one word—
weeds. By weeds are meant plants such as running cinquefoil, haircap moss,

red sorrel, devil's paintbrush, hardhack and gray birch, found in, and too often

dominating upland pastures. Plants in general reflect the fertility of the soil in

which they grow, and the weeds mentioned generally indicate a low state of soil

fertility.

The e.xperiments covering a period of ten years reported in this bulletin

show that the common herbaceous weeds of upland pastures can be displaced

by nutritious pasture plants such as white clover, bent grasses, and Kentucky

blue grass, by a judicicjus use of chemical fertilizers and lime, in addition to

adequate grazing. Sliruliby weeds, once cleared, can be kept under control by

similar niethods. Present low prices of fertilizer niatcriids m;ike this method of

pasture improvement attractive.

Data from U. S. Census of 1930 and recent state .surveys, \aluos are tliose received by farmer.s

and arc J^ to ?^ prices paid by consumers. .Although .some butter is made from niillv produced in

Massachusetts, most of the butter consumed comes from outside tlie State, as does practically

all the cheese.
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Experiments in Pasture Improvement by Top-dressing

From time to time in years past many Massachusetts farmers have made

tests of various methods and materials for the improvement of pastures. Some

of the results of these tests as well as valuable observations vi'ere recorded in the

Reports of the State Board of Agriculture, and they were a distinct contribution

to our knowledge of pasture management. However, the first experiment in the

use of modern chemical fertilizers undertaken by the Massachusetts Agricultural

Experiment Station was the one laid out by Wm. P. Brooks in 1909, and contin-

ued until 1916. This experiment is described later.

During the period immediately following the ^^'orld War, interest in pasture

experiments was revived and a numlier of tests were made of chemical fertilizers

applied as top-dressing to run-out pastures in the counties of western Massachu-

setts. These tests were conducted by the County Extension Service Agents of

the.se counties, working in cooperation with the Extension Specialist of the

Agronomy Department of the IVIassachusetts Agricultural College. In practically

all the tests only lime and superphosphate were applied, singly or in combination.

In some cases immediate and marked response was obtained from these materials;

in others, benefits were slight or negligible. An outstanding example of response

to soluble phosphoric acid was obtained in 1921-22 by J. B. Abbott, then Exten-

sion Agronomist, from an application of 16 per cent superphosphate at the rate

of 2000 pounds to the acre on the Potter Farm at Great Barrington.

In the spring of 1921 the Massachusetts Experiment Station again took up

the problem of pasture improvement by means of fertilizers. In the period 1921-

1930 several experiments in the top-dressing of upland pastures were started,

three of which are the main subject of this bulletin.

REVIEW OF LITERATURE

The revival of interest in pasture problems which has occurred in recent

years is reflected in the increase of publications bearing on the subject. For

example, for the three-year period of 1916-18, a total of 129 references to papers

on pastures and meadows is listed in the Agricultural Index, whereas for the

period 1928-30, 260 titles are listed.

It is not intended in this bulletin to give a complete review of the literature

bearing on pastures, or even a complete review of that which bears on the ques-

tion of top-dressing permanent pastures, the phase of the subject with which

this report is especially concerned. Brown and Slate (4) have given an excellent

and rather complete review of pasture literature in several of its phases, up to

1929. For a detailed review of the literature and bibliographies, the reader is

referred to the l)ulletin of Brown and Slate, as well as to Vol. 21, No. 6 of the

Journal of the American Society of Agronomy (1929), which contains the papers

presented at a symposium on Pasture Management Research. The following

review is intended to cover the principal ])ul)lications bearing on the subject

matter of this report and published since 1929.

Orr (10) has published a comprehensive treatise on the relation of minerals

in pasture soils to the mineral content of the herbage and of this in turn to the

health of the grazing animals. Many of the mineral-deficiency diseases of grazing

animals are traceable to the mineral content of the soil, according to this author.

He points out that scientific information already at hand warrants the belief

that the production of the grazing lands of the world can be doubled and, at the

same time, the health and quality of the grazing animals improved. "The
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natural met hod of iiUTea.sing the supply of ninierals to tlH> grazing animal is by

enrichment of the i)astures.'' An extensive Ijibliography is appended to Orr's

book.

EUenberger and others (5) show that there is considerable variation in the

yield of unfertilized \'erniont pastures. Total acre yields of dry clippings from

14 pastures varied from 261 to 4,031 pounds, and averaged 1748 pounds. Like-

wise, there was considerable variation in the percentage of crude protein and

minerals from the different pastures. In general, the percentage of protein, cal-

cium and phosphorus was higher in the grass from the better pastures.

Abbott (1) has reported the results of 103 tests of fertilizer chemicals applied

as top-dressing to pastures in 15 northern states and Ontario. There was a wide

variation in the response to lime, phosphorus, potassium, and nitrogen, but the

results in general show benefits from both minerals and nitrogen.

Mortimer and Richards (8) have reported results from top-dressing permanent

pastures situated on Miami silt loam at Madison, Wisconsin. Lime alone gave

an increase of 15.6 per cent; lime and superphosphate, 42.6 per cent; and lime,

superphosphate, and potash, 153.2 per cent. The effect of potash in encouraging

the growth of white and alsike clovers was marked. Nitrogen alone or in connec-

tion with the minerals was only slightly effective.

Odland and others (9) have published results of pasture experiments conducted

on Dekalb clay loam in West Virginia. Lime, superphosphate, and manure pro-

duced best results, followed in order by lime and manure, lime and superphos-

phate, superphosphate, nitrate of soda, and lime. Potash fertilizers were not

used as such. Seeding experiments showed "conclusively that scattering seed

over a pasture of this type without other treatment is useless Like seeding,

disking a pasture without other treatment cannot be expected to produce an.y

benefits.

Recently, Prince and others (11) have published data from experiments in

top-dressing old pastures in New Hampshire. Data from ten outlying experiments

for one year are reported. Results in terms of pounds of protein per acre show a

response to phosphorus, lime, and potash in 4 cases each, and response to nitro-

gen in 7 cases. It is pointed out that the greatest response to minerals was ob-

tained on pastures originally having a fair or good stand of white clover, and the

greatest response to nitrogen from those pastures which contained practically

nothing but grass. Likewise, results from experiments made on 6 pastures in

Vermont by Van Alstine and Cook (13) show response to lime in 3 cases, to

phosphorus in 4 cases, to potash in 3 cases, and to nitrogen in 5 cases.

Summarizing the literature bearing particularly on the question of top-dress-

ing permanent pastures, it may be stated:

1. Generally, lime has been shown to Ije the fiist limiting factor in the

productivity of run-out joermanent pastures of the Northeastern States.

2. Phosphorus has been found to be deficient in most of the pasture soils of

this region.

3. Marked response to potassium has been reported from soiiie experiments,

but jxitassium has not hccn as generally deficient as phosphorus.

4. In most of the experiments reported there has been some response to

applied nitrogen. This response; has been greatest in case of pastures whose

herbage ccjnsisted mainly of grasses, and least in those containing a large propor-

tion of white clover. There is considerable question as to the economy of aj)i)l.\-

ing fertilizer nitrogen to pastures of this latter type.
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Fig. 2.— Upper) Unfertilized plot and dower) fertilized plot (basic slag and low-grade

sulfate of potash) of Dickinson pasture. Note presence of bluets (white flowers)

in unfertilized plot and almost complete absence of them in fertilized plot.
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EXPERIMENTS CONDUCTED BY THE
MASSACHUSETTS EXPERIMENT STATION

Early Experiments

As previously stated, the first formal experiment in top-dressing permanent

pastures established by the Massachusetts Experiment Station was started on

the Dickinson Pasture in 1909. The soil is a fine sandy loam of alluvial formation,

level and quite free of stones. At the time the experiment was started the pasture

was in a low state of fertility as judged by the amount and character of the

growth, which consisted of poor pasture grasses and a thick growth of bluets

{HoHstonia caerulea L.). Bluets are among th^ first weeds to appear in pastures

low in lime and other nutrients.

In this experiment there were four plots of \'s acre each, two of which, plots

2 and 4, were unfertilized. Plots 1 and 3 received 500 pounds basic slag (14.5-

17.1% P0O5) and 300 pounds low-grade sulfate of potash (24.8-28.4% K,0) to

the acre in each of the years 1909, '10, '11 and "12. The same treatment was

given plot 1 but not plot 3 in 1913, '14 and '15. The principal experiment was

discontinued in 1916 due to difficulty in obtaining potash. X"o quantitative meas-

urements were made of the results of this experiment, but a very good account

of the qualitative results is given in notes taken. In the latter part of the season

of 1910 it was noted that white clover was coming in on the fertilized plots and

the bluets were disappearing. There was no white clover on the unfertilized

plots. In May, 1911, it was noted that the bluets had practically all disappeared

from the fertilized plots and the growth was nearly all white clover. Notes for

the years 1912-15 read very much like those of 1911. A photograph of the fer-

tilized and unfertilized plots (1 and 2) shows the effect of fertilizers in eliminating

bluets. (Fig. 2j.

In 1915 two new .series of fertilizer plots were laid out on the Dickinson pas-

ture, one to determine the effect of different forms of lime when used with potash;

the other to determine the effect of varying amounts of l)asic slag and muriate

of potash. Owing to difficulties encountered in securing fertilizer materials dur-

ing the World War pei'iod these experiments were not continued. However,

notes made the latter part of the summer show that some change was made in

the character of the growth the same season the fertilizers were applied. The

greatest improvement was coincident with the heaviest applications of slag and

potash.

Experiments in the Period 1921-30

The first of these experiments was started l\v Sidney B. Haskell' in the

spring of 1921, and was followed by several others in the [)eriod 1921-30. Three

of the.se experiments are reported in this bulletin.

Experiments A and B were situatetl on jjrojjerty Ix^longing to the Experiment

Station and known as the Tillson Farm: experiment C on quite similar soil and

topography on a near-by farm. The soil of experiments A and B is a glacial till

clas.sified by the I'. S. Bureau of Chemistry and Soils as belonging to the Cheshire

series. This series is very similar to the Gloucester series so extensive and im-

portant as pasture soils in Worcester and other counties of the State, and iliffers

Formerly director of the M:i.ss.iohusptts Kxporimcnt .Station. A. \. Osiriun of the rjotany

Deijartment was associated with Director Haskell in the early years of the experiment. A. B.

Beaumont took chareo of the project in 1928. E. F. Gaskill has supervised the field work through-

out the period.
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from it primarily in that the Cheshire contains an appreciable amount of sedi-

mentary rock material together with the crystalline material as found in the

Gloucester. The topography of both series of soils is rolling to rough, and stones

are usually so abundant in both as practically to limit their use to pasture and

timber.

Table 1.

—

Mechanical Analysis of Soil of Experiment A
(Sample from untreated area around plots.)

Per cent

Fine gravel (,2.0-1.0 mm.) 0.8

Coarse sand (1.0-0.5 mm.) 5.5

Medium sand (0.5-0.25 mm.) 5.2

Fine sand (0.25-0.10 mm.) 4.6

Very fine sand (0.10-0.05 mm.) 42.2

Silt (0.05-0.005 mm.) 37.2

Clay (0.005 mm. or le.ss) 4.5

The fine-earth portion of the Tillson Pasture soils is a fine sandy loam, as

shown by the mechanical analysis of a samjjle from experiment A given in table

1. The chemical properties of the same soil are given in table 2. These data

may be considered as applying to the soil of experiment B which lay contiguous

to A, and for practical purposes may be applied to experiment C, except that

the latter soil was more acid, having a pH of 5.0. The soil of C was apparently

more depleted of plant nutrients than was that of A and B, as indicated by the

scarcity of grasses and clovers and the abundance of weeds. Figures 1, 8, and 9

give an idea of the appearance of the land on which experiments A, B, and C
were located. Most of the large stones have been picked off by earlier genera-

tions of farmers. There was evidence that the field (experiment B) had been

cultivated in rows, but on the basis of the testimony of the stumps present when
the experiment was started, the last cultivation must have been prior to the crop

of timber represented by these stumps. At least two crops of timber have been

taken from the land. The area of experiment C has been plowed within the mem-
ory of the present owner, but he stated that on account of the abundance of stones

on and near the surface he hoped never to have to plow it again. This area has

been pastured for many years, and no doubt that alone accounts to a consider-

able degree for the lower state of fertility of the area as compared with that of

experiments A and B, which has been allowed to revert to timber within recent

years.

Table 2.

—

Chemical Properties of Soils of Experiment A
(Samples taken in the fall of 1928)
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The iiioaii annual precipitation at Amherst, Massachusetts, where these

experiments were conducted was 43.49 inches for the period 1889-1928. For the

same period the mean total precipitation for May, June, July, August, and
September was 19.53 inches, and this amount was rather evenly divided through

the growing season. Thus, under average conditions, there is a favorable rainfall

during the pasture season in this region. Occasional droughts of three or more
weeks' duration have an adverse effect on the production of the pastures located

on the lighter, well-drained soil types.

Experiment A.—The area occupied by this, the first experiment laid out on

the Tillson Farm, was on a slight elevation and therefore subject to more leach-

ing than most of the area occupied by experiment B. The flora at the time the

experiment was started consisted largely of running cinquefoil {Potentilla cana-

densis L.) together with smaller amounts of grasses, mosses, and weeds. The
area was frequently referred to as the "cinquefoil area." There were five plots

in this experiment, four of which received different fertilizer treatments as top-

dressing, as shown in table 3. One plot received no fertilizer. The plots were

1 rod by 2 rods, and the east half of each plot received limestone in 1921. In

1927, on the basis of experience accumulated since 1921, muriate of potash was

applied to all plots except the check, and lime to the west half of all plots except

the check, in an attempt to improve the fertility of those plots.

In the first period of this experiment, 1921-26, no quantitative measurements

were made of the effects of the fertilizers on yield or character of the flora. How-
ever, photographs of certain plots were taken in successive years of 1921, '22,

and '23, which speak eloquently of the changes in the character of the vegeta-

tion. By referring to figures 3-5 it may be seen that a vegetation consisting largely

of cinquefoil was in the course of three years transformed by chemicals to a

vegetation composed largely of white clover and grasses. No seed was sown on

these plots. It should be noted, however, that 1923 was a good "white-clover

year" in this section.

On account of the larger economic importance which nitrogen fertilizers

were assuming, the nitrogen plots were given a double application of this element

in the form of Chilean nitrate of soda in 1928. The results of this treatment and

the cuiiuilative effect of the previous treatments are shown by figures on yield

of two cuttings of grass, as given in table 4. The rainfall was heavy in 1928

and grass and clover grew exceptionally well. The area was mowed in 1928

but had been pastured in previous years, and it is held that the figures fairly

represent the productivity of the respective plots induced under actual pasture

conditions.

While the lack of uniform treatment of the plots through the period 1921-28

precludes certain desirable comparisons, some interpretations of value may be

made. First, there is the evident response to an application of lime made seven

years previous (Plot 3 E vs Plot 3 W). Second, the east half of all plots was

definitely superior to the west half, although the west half of all except plot 3

received lime in 1927, while the east half received it in 1921 only. The application

of 1927 doubtless had some, even if only a slight effect in 1928. It then becomes

evident that more than a year may be required for limestone to exert its full

effect. The data of table 4 also strikingly show the cumulative effect of potassium

and phosphorus. Unfortunately, no deductions can be drawn as to the relative

effectiveness of these two elements. Finally, the effect of nitrogen is shown to

be marked. In combination with lime, phosphorus, and potassium it has proved

very effective. The etTect of these treatments on the protein content of the grass
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Fig. 3.—Lime alone brought in grasses and clover. (Exp. A, Plot i-

Upper— 1921, before the application of lime.

Middle— 1922, one year after application.

Lower—1923, two years after application.

L.)
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Fift. 4.—Lime, phosphorus and potash were more effective than lime alone in changing

the character of the vegetation. (Exp. A. Plot 5—L, P, K.)

Upper 1921, before the application of fertilizer.

Middle— 1922, one year after application.

Lower— 1923, two years after application.
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Fig. 5.—The addition of nitrogen to a complete mineral treatment increased the yield
but did not improve the character of the vegetation. (Exp. A, Plot 4—L, P, K, N.)

Upper— 1921, before the application of fertilizer.

Middle—1922, one year after application.

Lower—1923, two years after application.
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Fig. 6.—Upper—Phosphorus alone (Plot 4—2P) did not cause much clover to appear.
Middle - Potassium alone (Plot 5—2K) was more effective.

Lower-Phosphorus and potassium i Plot 9—2P, 2K) was most effective.

(Exp.B. series I, unlimed, 1923.)
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-A^

f^'S- 7-—Lime increased tlie effectiveness of phosphorus and potassium. Same treat-
ments as Fig. 6, but limed, 1923.)
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is brought out by the figures of table 5. The highest percentage of protein was
in plot 5E which received lime, potassium, and phosphorus. This plot also had
the most white clover. But, largely on account of the greater yield, plot 4E,

which received lime, potassium, phosphorus, and nitrogen, furnished the most
pounds of protein per acre.

Experiment B.—This experiment was laid out in the fall of 1921 and the

spring of 1922. As shown in table 6, each original treatment was replicated

three times (six times not considering spring and fall applications), and to that

extent the experiment was better planned than was experiment A. After the

first application of fertilizer, all subsequent applications were made in the spring.

During the first year of this experiment only slight effects chargeable to

fertilizers were observed. In the spring of 1923, a white-clover year, the effects

of the fertilizers were marked. After two or three weeks of grazing the cattle

were excluded from the field by means of a temporary fence. The effects of the

fertilizer were measured first by giving each plot a rank according to the propor-

tion of white clover and grass present, the best being ranked at 100 and the

poorest at 0. There were five independent sets of observations by diiferent per-

sons. Means of these estimates are given in table 7. According to this evidence,

there was a striking response first to lime, second to potassium, and third to the

combination of lime, potassium and phosphorus. Nitrogen added nothing to the

appearance of the plots which received this element in addition to minerals.

Later in the same season square-yard areas were harvested from certain plots,

dried, weighed and analyzed. The fence was then opened and the cattle given

access to the pasture. The data are given in table 8. Unfortunately, yields

were not taken from the plots which received nitrogen, and consequently no

quantitative comparison between minerals alone and minerals plus nitrogen can

be made for the first period of this experiment. Part of the data of table 8 were

reported in 1926 (7), but for the sake of completeness these as w-ell as additional

data are given here. The high percentage of protein which resulted from the use

of potash and lime was no doubt due to the effect of potassium on the propor-

tion of clover. However, potassium in combination with phosphorus and lime

was more effective than any other comliination or single treatment.

Experiment B was continued under pasture conditions with fertilizer treat-

ments as shown in table 6 until 1929, when an attempt was made to secure addi-

tional quantitative data. It happened that the summer of 1929 was extremely

dry, with a total rainfall of 2.24 inches for July and August against a normal of

8.57. Yield data were obtained, but since they were doubtless seriously affected

by the abnormal weather conditions, they are not reported here. However,

since the character of the vegetation was fairly well determined before the

effects of the drought became serious, it is thought that the data on botanical

composition fairly show the effects of fertilizer treatment up to and including

the spring of 1929. These data are summarized in table 9. They show, first,

the advantage of IItih" in combination with other materials, except for the nitro-

gen combination, in inducing white clover to come in; second, the superiority of

treatments containing potassium for encouraging clover; third, th(> effect of

gypsum, both alone and with lime, in the encouragement of clover; and finally,

a pronounced j>ositivo effect of nitrogen on the presence of white clover.

In table 10 are given data on yields obtained from plots of Experiment B in

1930. Clippings were taken from 3 areas of 3 square feet each in each plot of 1

squar(> rod. A groujjing of the figures according to series luiving a total of 4, 5,
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or 6 applications of fertilizer in the 10-year period shows that the series which

received 5 applications slightly outyielded those which received 4 and 6, 4 being

the lowest of the three. It is believed that these differences are too small to be

of any significance. It appears that under the conditions which prevailed during

this experiment, drought and all considered, 4 applications of fertilizer furnished

an abundance of nutrients—that is to say, a sufficient quantity of minerals ap-

parently had been added. Nitrogen was a serious limiting factor in this experi-

ment, and that, if supplied in a soluble form, should be added annually.

In table 11 is given a summary of the yield data arranged according to fer-

tihzer treatment, with and without lime. An examination of these figures shows

that marked benefits resulted only from lime and from the nitrogen-phosphorus-

potassium combination. By comparing table 11 with table 8 it may be seen that

the marked response to minerals obtained in 1923 did not manifest itself in 1930.

The reason for this difference apparently lies in the proportion of white clover in

the vegetation of the two years. As Haskell (7) has pointed out, white clover

"comes and goes." Irrespective of the soil treatment, there is a pronounced varia-

tion in the proportion of white clover from year to year. In so-called clover years

white clover appears abundantly on soils supplied with plant nutrients and

moisture, in off years it disappears from those same areas due to causes which

are not understood.

1923 was a white-clover year, 1930 was not. In support of this point, note

the difference in the percentage of white clover in the plots of series I in 1929 and

1930, as given in table 12. This series had the highest percentage of clover of all

series in both years. Why the marked change in flora in the period of one year?

^^'as the drought of 1929 an important factor? The causes of such changes are

not known, but the changes do occur and should be taken into consideration in

the interpretation of pasture data. Thus, it seems reasonable to conclude that

the lack of response to minerals in 1930 was due to the fact that white clover

was almost entirely absent from the plots in that year. On the other hand, the

response to nitrogen was marked because of the grasses.

In table 13 is given the percentage of protein, phosphoric acid and calcium

oxide in the 1930 clippings. The figures show in a general way the agreement

between character of fertilizer applied and composition of the crop. Vegetation

from plots which received nitrogen, phosphorus, and lime was richer in those

elements than that from plots which did not receive the same elements in fer-

tilizers. The difference in respect to nitrogen (ex-pressed as protein) is more

marked in 1930 than in other years due, no doubt, to the practical absence of

clover in 1930.

It is believed that the higher content of nutrients in vegetation from the

limed and fertilized plots accounts for the greater palatability of the vegetation

as noted in the field. This applies particularly to lime and nitrogen. It was

repeatedly observed that the plots which received these nutrients were more

closely grazed than those which did not. This can be seen by a close inspection

of figure 8.

Experiment C.—This experiment was laid out in 1924 by M. O. Lanphear

in order to obtain certain field data to be used in an ecological study of pasture

cover. The area occupied by this experiment was particularly attractive for the

purpose on account of the poor quality of herbage. This, as shown by figure 9

Formerly instructor in Dcpt. of Agronomy. Work ro])orted tiore was part of thesis submitted
for M. S. degree.
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Fiji. 8. I pper Uneaten jirass on unfertilized strip betvvesn fence and stakes, and
closely grazed limed plots to rijiht of stakes. (Kxp. B.)

Lower—The animals allowed more grass to go to seed on unlimed plots to left

of stakes than on limed plots to right of row of stakes. (Exp. B.)
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consisted almost entirely of haircap moss {Polytrichum commune L.), with occa-

sional plants of running cinquefoil, sorrel and bent grasses. The pasture was

poorer than is ordinarily considered worth spending any money on for improve-

ment; yet in years past it was no doubt a good pasture. Being located convenient-

ly near the barn, it stood to repay an investment for improvement better than a

like field farther removed. The original experiment was laid out in duplicate

series, the plots of each series receiving treatments as shown in table 14. Other

plots were added to one of the series (east) in 1929 when the original fertilizer

treatments were repeated, but the additional plots are not considered in this

report. Plots 1-20 of the west series were plowed in 1926, but plots 21-30 of the

same series are still clearly defined by effects on the vegetation of fertilizer applied

in 1924. (Fig. 11). Plots 23-30 of both series received an application of a mix-

ture of Kentucky blue grass and white clover seed in June 1924. The seed was

not worked into the soil in any manner, merely scattered over the surface.

Most of the growing season of 1924 was rather dry. During that first year

of the experiment there was little or no visible effect either of the fertilizer or the

seed. In 1925, a good year for pastures, the effects of both fertilizer and seed

became evident to the eye. According to Lanphear\ white clover was dominant

on those plots which received a complete mineral treatment, consisting of lime,

superphosphate, and muriate of potash, and the seed mixture in addition. Plots

which received the complete mineral treatment but no seed, contained no white

clover. In these plots redtop predominated. Kentucky blue grass was not present

in appreciable proportion. Certain combinations of minerals, together with the

seeding, caused appreciable growth of white clover, but no other combination

was as effective as the complete treatment. (Fig. 10).

In the spring of 1926 some of the plots of the east series of this experiment

were fenced off from the cattle for a few weeks. Figure 11 gives a good idea of

the effect of fertilizer and seed on the character of the growth. As a result of

this phase of his experiment, Lanphear suggested the possibility of seeding small

amounts of white clover on pastures as a practicable method of determining

whether the chemical factors were favorable for this crop.

In 1929 the east series of plots in experiment C was again fertilized as in

1924, and the east half of each plot received in addition Chilean nitrate of soda

at the rate of 193.6 pounds (30 lbs. N) per acre. The area was fenced off from

the grazing cattle, and in July the grass from each plot was harvested, dried,

weighed, and separated into grasses, clovers, and weeds. The fence was opened

soon after the harvest of the crop and the cattle allowed to graze the plots for the

rest of the season. This procedure was repeated in 1930, except that two clip-

pings of grass were made instead of one. Data from this experiment for the two

years, including yield of dry matter, yield of protein, botanical composition and

ratios of dry matter and protein are given in tables 15-19. First, any treatment,

small or large, single or combined, was beneficial. Generally, the benefit increased

with the amount of fertilizer added. A combination of two materials generally

produced more than a single fertilizer, and a combination of three or more

elements more than two, except that the combination of any element with

nitrogen yielded more than any three without nitrogen. Nitrogen alone was

not as effective as other elements alone, but nitrogen in combination with other

elements was more effective than any other element. These relationships are

brought out by the figures in table 17 in which results have been calculated in

Lanphear, M. O. An ecological study of pasture cover. Unpublished thesis. Mass. State Col-

lege Library.
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Fig. 9.—Upper—Typical vejietation (mostly haircap moss) before treatment. (Exp. C:.)

Lower—Note abundance of white clover on area inside the fence, in left fore-

ground. (Exp. C. Plot 22^3L, 3P, 3K, 1929.)
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Fig. 10.—Seeding hastened the appearance of white clover where necessary fertilizer

was supplied. (Exp. C, west series, 1926.)

Upper—Not seeded Lower—.Seeded
Left of stalce Plot 14—2L, 2P, 2K Plot ,?0—C:heck
Right of stake Plot 15—Check Plot 29—2L, 2P, 2K
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Fiji. 11. I'ersisteiue of the effect of treatments is shown by these photoftraphs.
Upper In fall of 1928. 4' j years after fertilizinji IMot i") i2h. 2P. 2K) in upper

left-hand corner, rest unfertiUzed.
Lower—In spring of 1929, r, years after fertilizini* Plot 7 (L, P, K.) Note pres-

ence of considerable clover.
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terms of grass and clover. However, it should be remembered that nitrogen

has been used in this experiment for only two years, the minerals seven years.

The question of the effect of applied nitrogen on the presence of white clover

in pasture vegetation is one of considerable interest and importance. Although

the results of only two years are inadequate for the drawing of final conclusions

on this question, they are worth considering as showing trends. Figures of table

15 show that in 1929 there were 15 cases in which the percentage of clover was
more with the addition of nitrogen, 13 in which it was less, and 2 in which it was

the same. At the time of the first clipping in 1930, the cases were 14 in which

there was more clover with the nitrogen, 7 in which it was less, and 9 in which it

was the same (or no clover). At the time of the second 1930 clipping there were

8 cases in which the clover was more, 15 in which it was less, and 7 in which it

was the same (or none) with the added nitrogen. Thus this experiment affords

only meager evidence of a trend toward reduction in stand of white clover due

to the application of nitrogen, and no conclusion can be drawn. The evidence at

hand indicates, however, that white clover will maintain itself better in the

presence of applied nitrogen if there is also a generous supply of calcium, phos-

phorus, and potassium.

The dual effect of nitrogen and potassium on the nitrogen content of the

herbage is well brought out by the data of table 19. In plots where the percent-

age of clover was low and grass high, the added fertilizer nitrogen almost inva-

riably caused an increase of nitrogen (figured as protein in table 19) in the crop.

On the other hand, potassium in connection with lime caused an increase in the

percentage of white clover, and where this plant was abundant, the percentage

of protein ran high—sometimes much higher on the portion of the plot with min-

erals only than on that portion which received minerals and nitrogen. Thus the

percentage of protein in the crop was a resultant of these two, and probably

other factors. The interaction of the two factors caused some interestitig results.

For example, in plot 1 there was practically no clover, and the percentage of

nitrogen in the grass and weeds was almost doubled by the application of nitro-

gen; while on plot 7 the relationship in respect to nitrogen content was prac-

tically reversed because of the presence of more clover in the portion of the

plot which received only minerals. On plot 22 the clover was abundant in both

portions of the plot and consequently there was a high protein content in the

vegetation from both sides, it being a little higher where nitrogen was applied.

Table 19 further shows, however, that although the percentage of protein was

sometimes higher in the crop which did not receive nitrogen than in that which

did, the total pounds of protein per acre were invariably higher where nitrogen

was used because more pounds of dry matter were produced. These examples

indicate the importance of data on botanical composition in the interpretation

of pasture experiments of this type.

That the full effect of nitrogen is not always sliown by the figures on yield

of dry matter is further shown by the ratio comparisons in tables 18 and 19.

With few exceptions, all of which were due to the greater percentage of clover in

the no-nitrogen portion, added nitrogen caused a higher ratio of protein than of

dry matter in the plots receiving minerals only and nnnerals i)lus nitrogen

respectively.

From experiment C was first obtained evidence (3) of the toxicity of sodium

nitrate for a species of moss {Polytrichum commune L). This moss is common on

Massachusetts upland pastures which have become depleted in plant nutrients.
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Tlie toxic olTec-t was first observed in 1929 soon iifter the nitrate was applied.

At first the effect was thought to be a temporary foHage burn caused by contact

with the salt, but later it was found to be permanent.

The disappearance of the moss is not due to crowding l)y grasses aiul clovers

as happens with some plants and treatments. The moss is actually killed. The
toxic effect increases with an increase in the amount of nitrate applied. The
effect is somewhat cumulative from year to year, so that small applications made
annually may in time produce the same effect as large ones, it seems. Since the

first observation of the toxicity of sodium nitrate for this moss was made on ex-

periment C, the effect has been observed at several other places, and experiments

have been started for studying the problem further.

Discussion of Results

All experiments reviewed in this bulletin have shown that chemical fertilizers

were generally beneficial on depleted pastures. There have been definite and
measurable beneficial changes in the character of the vegetation. In all cases

where records of yields were secured these were generally increased by the

fertilizers.

In the Dickinson pasture experiment a rather generous annual application of

basic slag and low-grade sulfate of potash practically displaced bluets with white

clover. No nitrogen was used in this experiment. The soil on which the experi-

ment was located is not typical of any large proportion of permanent pastures in

Massachusetts.

Experiments A, B, and C were located on soils which are typical of a large

proportion of permanent pastures in the state—on soils notaljly deficient in plant

nutrients. These experiments, likewise, have sho\vn beneficial changes in vege-

tation from the application of lime, phosphorus, and potassium. Of all single

materials used in these experiments, lime was most effective in producing desir-

able changes in the character of the vegetation. Lime and potash were the most

effective combination of two elements in producing such changes; but lime, pot-

ash, and phosphate were the most effective of all. Since gypsum alone induced

a fair percentage of white clover in the stand on experiment B, there is some

evidence that it was the calcium in the lime which produced the principal benefit

rather than the effect of lime on the soil reaction.

With the exception of the elimination of haircap moss, nitrogen applied as

nitrate of soda has not produced any profound changes in the character of the

vegetation, such as were caused by the minerals. On the other hand, nitrogen

added seems not to have interfered with the action of the minerals in encourag-

ing white clover. Experiment B has given definite results on this point. Data

from experiment C are inadequate for a conclusion.

While nitrogen has not been an important positive factor in imi)roving the

quality of the pasture fiora, its effect on the quantity has been marked. It has

produced the greatest relative increase in yield when used alone, but the great-

est absolute increase when usetl in connection with minerals. In table 17 figures

are given which show average increases in grass and clover due to added nitrogen

in experiment C of 48 to 214 per cent with minerals, and 3U per cent without

minerals. Other data from the same experiment show tliat in individual cases

added nitrogen caused yields several times those from minerals alone.

The observations and records of ex{)eriment li have brought out the im-

portance of white-clover years in the measuring and interpretation of results.

Due to causes not fully understood, white clover comes and goes by seasons. In
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some years it is especially abundant in soils having a sufficient supply of nutrients

and scarce or entirely absent from those low in nutrients. In off years white

clover may be and usually is in small proportion on plots low in nutrients. It

follows that if results of treatments are measured in off years they will be quite

different from those obtained in clover years. An example of this is afforded by a

comparison of the results of experiment B in 1923 and 1930. In 1923, a clover

year, there was a marked response to phosphorus and potassium, as shown both

by percentage of clover and yields. In 1930, an off year for white clover, there

was very little response to phosphorus and potassium, but a marked response to

nitrogen. The vegetation was nearly devoid of clover that year. In the same

field in 1929 there was considerable white clover. The comparison is brought

out by the figures of table 12.

The dual effect of applied nitrogen and potassium on the protein content

of the herbage has been well brought out by the data from experiment C. Potas-

sium generally encourages the growth of white clover, and nitrogen appears to

discourage it under some conditions and at the same time increases the percent-

age of protein in the grasses and weeds. The interaction of these factors has

produced some interesting results. In some cases they have worked against

each other and in others they have worked in the same direction causing, thereby,

a rather high protein content, as was shown in the clippings from plot 22.

Not only the applied nitrogen, but also the calcium and phosphorus have

been reflected in the composition of the plants. It is thought from observations

made on experiments B and C that both the nitrogen and calcium-containing

fertilizers were important factors in determining the palatability of the herbage.

Experiment C has brought out the value of seeding white clover on areas

practically devoid of it. In many cases white clover appears spontaneously

after fertilizers have been applied, while on some areas there is apparently not

sufficient seed present, and best results are obtained only after the pasture is

seeded. The seeding operation may be beneficial through hastening the process.

PRACTICAL APPLICATION OF RESULTS

It is difficult if not impracticable to translate these results into terms of

profit and loss. Of course, the safest policy is to let each farmer draw his own
conclusions and make his application on the basis of his own judgment, being

governed by his conditions. Nevertheless, the following deductions may safely

be made.

First, there is the question of the type of pasture vegetation with which one

may expect sufficient improvement to make the investment pay. Results have

shown that with vegetation about as poor as may be found on any New England

pasture tremendous improvement can be effected, but at a questionable cost.

Everything else being equal, it seems that the money for improvement should

be invested first in those pastures which have a fairly good vegetation to begin

with.

The question of physical conditions, texture and structure of the soil, and

topography, which have nmch to do with the ability of a soil to withstand drought,

should be considered. These concUtions are probably of considerable importance

in determining \\hite clover cycles, and we have seen that clover years play an

important role in the success of mineral treatments.

In the choice of a pasture for improvement the location of the area must be

considered. A pasture occupying a more or less advantageous position on account
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of its proximity to the barn, to a water supply, to other pastures which are pro-

ductive, or for any other reason, may well receive more attention than one not so

well situated.

The experiments on the Tillson and Hobart Farms together with some un-

published results from ^^'orcester County experiments lead to the conclusion

that over a period of years the best results in the top-dressing of Massachusetts

upland pastures may be expected from an initial application of lime supplemented

with a phosphate, a potash salt, and a nitrogenous fertilizer. It is believed that

under our typical soil conditions 1 ton of ground limestone (or three-fourths as

much hydrated lime) every 6 years, 480 pounds of 16 per cent superphosphate

and 160 pounds of muriate of potash every 3 years, and 160-320 pounds of nitrate

of soda (or its equivalent in other available form) annually will be sufficient for

most demands. At present (early 1932) prices the initial cost of the mineral ap-

plication is $14.33 per acre. If the cost be prorated over the number of years

between applications, the annual cost becomes .13.69 plus a small interest charge

per year. The cost of 160 pounds of nitrate of soda is .13.94. Therefore, the total

annual cost as figured is .17.63 per acre. While the best return from nitrogen

may be expected when it is used on fair to good sods, the fact that the response

to nitrogen generally comes sooner than that to minerals, makes it seem ad-

visable to apply nitrogen from the beginning of the improvement program.

If it were possible to predict early enough in the season whether a given year

was to be a "clover year," most or all the nitrogen might be omitted for the sake

of economy; and in off years for clover, the nitrogen ration might well be increased

50 or 100 per cent. This procedure appears feasible for those farmers who have

enough early pasture and are more in need of mid- and late-summer pasture.

Under such circumstances a decision as to the nitrogen application could be de-

ferred until the early part of June. It should be noted, however, that some

fertilizers, especially nitrate of soda, are poisonous to cattle, and a rain or several

d tys should intervene between the application of fertilizers and the return of the

cattle.

These experiments are not capal^le of a .strict monetary interpretation because

of the many variable and uncontrollable factors which have contributed to the

results. Indeed, such an interpretation is always open to misconstruction and

abuse. Further, there is such a wide variation in individual ability, that what

one farmer may turn into success may prove a flat failure for another. However,

it is believed that an average annual investment of $5 to $10 in lime and fertilizer

for Massachusetts upland pastures will j-ield a fair return on the investment.

After all, the agronomic aspects of the question are fairly clear, and the rest of

it is largely a matter of business judgment. Fluctuation in prices of fertilizers

and of milk will largely determine the wisdom of the investment.

From our data we have no evidence that smaller amounts of f(>rtilizer than

those mentioned cannot be used to advantage, nor that a better distril)ution

may not be possi])le. It is quite likely that it may be more advantageous to apply

lime in smaller amounts but more frequently. Furthermore, from the experiments

reported we have no evidence that certain other carriers of nitrogen, phosphoric

acid, and potash, different from those used in our experiments, cannot under

some circumstances be advantageously substituted for them.

In this connection it should be remembered that not only maj' more feed

and more protein per acre be expected from top-dressing pastures, but also a

feed richer in calcium and phosphorus may be expected. Thus, the health of

the animals may be safeguarded or improved by the use of mineral fertilizers.
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Finally, it should be emphasized that pasture improvement by top-dressing

is a long-time investment. Wry little improvement from lime, phosphorus, and

potassium, may be expected the first year after application. Nitrogenous fer-

tilizers will normally bring returns the first year of the application in accordance

with the quality of the vegetation when applied.

SUMMARY AND CONCLUSIONS

The result of four pasture experiments conducted in Massachusetts are sum-

marized as follows:

1. In the first experiment, on an alluvial soil not typical of much of the per-

manent pasture land of Massachusetts, basic slag and low-grade sulfate

of potash changed a pasture flora consisting largely of bluets {Houstonia

caeridea L.) and poor grasses to one composed largely of white clover and

good grasses.

2. The three other experiments were conducted on an upland glacial till soil

characteristic of much of the dairying section of Massachusetts. In these

experiments pasture flora consisting first, mainly of running cinquefoil

{Poteutilla canadensis L.); second, mainly of haircap moss {Polytrichnm

commune L. ); and third, of smaller proportions of these together with some

grasses and clovers, were transformed to flora consisting mainly of white

clover, bent grasses, and Kentucky blue grass.

3. With the exception of a toxic effect of nitrate of soda for haircap moss,

lime was the most effective single material in producing desirable changes

in vegetation. Lime and potash were the most effective combination of

two materials; but a combination of lime, potash, and phosphate produced

the greatest change in vegetation. Nitrogen produced the greatest relative

and absolute increases in yield, and was more effective when used with

minerals than when used alone.

4. The addition of nitrogen to the mineral treatments did not reduce the per-

centage of white clover in one experiment, but there was some indication

of a trend in that direction in another. In the presence of nitrogen, white

clover was maintained better with an abundant supply of minerals than

with a poor supply. Potash generally encouraged the presence of white

clover and thereby raised the protein content of the herbage.

5. On plots having a vegetation largely of grass, applied nitrogen very gen-

erally caused an increase in yield of dry matter which varied from little to

several times that with minerals only. Generally, the added nitrogen caused

a relatively larger yield of protein than of dry matter. On plots having a

large percentage of clover, nitrogen had little or no effect.

6. Plots which received fertilizer were more closely grazed than unfertilized

plots. This effect was noticed particularly on plots which received lime in

addition to the fertilizer. Chemical analysis of the clippings showed that

the addition of calcium (lime), nitrogen, and phosphorus caused an increase

of these elements in herbage. From this it appears that the composition of

the hcrl)age, as influenced by the fertilizers, is an important factor affecting

palatability.

7. Botanical analysis was made of several of the crops of these experiments,

and the results brought out the importance of such work in the interpreta-

tion of results. Data obtained in white-clover years may lead to quite dif-

ferent conclusions from those drawn from results in off years.
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8. Seeding of Kentucky blue grass and white clover seed hastened the ap-

pearance of white clover in one experiment, the only one in which it was
tried. It appears, however, that the ultimate result will be the same whether

or not white clover seed is sown. On some pastures the appearance of white

clover may be hastened one or two years by seeding.

9. It is concluded that best results from the top-dressing of upland pastures

in Massachusetts may be expected from the use of lime supplemented with

a phosphate, a potash salt, and a nitrogenous fertilizer. In the experiments

reported, ground limestone, 16 per cent superphosphate, muriate of potash,

and Chilean nitrate of soda were used. Since no other fertilizers were used

in the experiment, no positive statements can be made regarding them.

However, it is believed that under some conditions certain other materials

can be substituted for those used.

10. Although the results of these experiments are not capable of a strict mone-

tary interpretation, it is thought that an average investment of $5.00 to

$10.00 per acre in lime and fertilizer for Massachusetts upland pastures

will yield a fair return on the investment. This price range will at present

(early 1932) provide for 1 ton of ground limestone (or its equivalent in hy-

drated lime) every 6 years, 480 pounds of 16 per cent superphosphate and

160 pounds of muriate of potash every 3 years, and 160 pounds of nitrate

of soda annually. This or an equivalent treatment is recommended for

Massachusetts conditions.
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APPENDIX

Plot

Table 3

—

Treatments of Experiment A

1921 1922 1927 1928 1921 1927

East half West half

of plot of plot

P P 2K Nothing L L
N, P N, P 2K 2N L L
Check Check Check Check L Check
N, P, K N, P, K 2K 2N L L
P, K P, K 2K Nothing L L

N—Chilean nitrate of soda 160 pounds per acre

P—superphosphate (16% P2O5) 480 pounds per acre

K—muriate of potash 80 pounds per acre

L—ground limestone 1600 pounds per acre

Check—nothing added

Table 4

—

Yields of Grass from Experiment A, 1928
(Pounds per acre of dry matter.)
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Table 6.

—

Treatments of Experiment B

Plot Fertilizer Plot Fertilizer Plot Fertilizer

treatment treatment treatmentIP 5 2K 9 2P, 2K
2 K 6 Check 10 Check
3 Check 7 Gypsum 11 P, K, N
4 2P 8 P, K

Lime was applied to east half of each plot twice, 1921-22 and 1928.

N—Chilean nitrate of soda 160 pounds per acre

P—superphosphate (16% P2O5) 480 pounds per acre

K—muriate of potash 80 pounds per acre

Gypsum 480 pounds per acre

Lime, as ground limestone 2400 pounds per acre

Check—nothing added

Each treatment was replicated 6 times, making 66 plots (1 rod x 2 rods) in 6 series. Dates

of application of fertilizer were as follows:

Series III: S 1922, S 1923, S 1926, S 19.30 , . .

Series IV: F 1921, S 1923, S 1927*, S 19.30 ^
applications

Series I: S 1922, S 1923, S 1927*, S 1928, S 1930

Series VI: F 1921, S 1923, S 1927*, S 1928, S 1930**
5 applications

Series II: F 1921, S 1923, S 1924, S 1925, S 1926, S 1930

Series V: S 1922, S 1923, S 1924, S 192.5, S 1928, S 1930**

S—Spring

6 applications

F—Fall

*In 1927 all treatment consisted of muriate of potash (160 pounds per acre) applied to all

plots of Series I, IV and VI, except the check plots (3, 6 and 10); and nitrate of soda (160 pounds
per acre) to plot 11 of the same series.

**By mistake plot 10 of Series V and VI received fertilizer which should have gone to plot 11.

Table 7.

—

Percentage Rating of Plots of Experiment B, June, 1923

Series I, II, III, V, and VI

Plot Fertilizer Treatment Lime No lime

1 P 25 12

2 K 53 28

3 Check 32 17

4 2P 26 15

5 2K 61 30

6 Check 31 13

7 Gypsum 28 21

8 P, K 61 39

9 2P, 2K 72 47

10 Check 47 23

11 P, K, N 57 35

Table 8. -Yield and Chemical Composition of one Clipping of Grass from

Experiment B, 1923

(Pounds per acre and percentages.)

DRY M.A.TTER PROTEIN ASH
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Table 9.

—

Botanical Analysis of Clippings from Experiment B, 1929

Average of Series I-VI

Plot Fertilizer treat iiieiit LIME NO LIME

Grass Clover Weeds Grass Clover Weeds

%
V 93

K 8S

Cheek 93

2P 93

2K 82

Check 92

Gj'psuin 92

P, K 9o

2P, 2K 90

Cheek 95

P, K, N 85

Average of Cheeks 93

<)
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Table 1L—Yield of Clipping.s from Experiment B, 1930.

Average of Series I-VI

Plot
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Table 17.

—

Average Yield of Grass and Clover from Plots of Experiment

C Which Received Medium Applications of Fertilizer

DRY MATTER PER ACKE, POUNDS
Treatment Plot

19
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Table 19.

—

Dry Matter anu Proiein in Total Clippings i rom

Experiment C, 1930
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SUMMARY

1. Prices were related to weight under practically all conditions. This is

the most definite and significant relationship found in the correlation analysis.

2. The combined effect of all quality factors on price was most significant

in August and least significant in April.

3. The relative seasonal efi"ect of the individual quality factors on price

was as follows:

Weight was most significant in August, least in November.

Air space was most significant in November, least in April.

Condition of yolk was most significant in April, least in November.

Condition of white was most significant in August, least in April.

4. Average quality varied with price throughout the lower and middle

price ranges only.

5. The range in quality witJiin each price range varied so widely that price

could not be used as a criterion of quality.

6. Dirty eggs afl'ected price more than variations in color within each dozen.

7. Range in weight of eggs within each dozen had very little relation to

price.

8. The average quality of eastern eggs was invariably higher than the

quality of western eggs.

9. There was little to be gained in purchasing labeled eggs, because within

each brand the quality and weight varied as widely in relation to price as was

true of unbranded eggs.



RELATION BETWEEN EGG QUALITY AND PRICE

By Adrian H. Lindsey, Professor of Agricultural Economics, and
Hubert W. Yount'

INTRODUCTION

The Problem

Market information dealing with egg prices usually stresses the factors of

supply, such as receipts and storage holdings, while little space is given to quality.

The price of eggs at any given time is determined by a number of factors, among
which are the supply and demand factors commonly considered. For any in-

dividual store and in many cases for individual producers or shippers, the quality

of eggs placed upon the market with respect to the average quality of the grade

may have as much effect on price at the time of sale as the influences affecting

the general price level of the grade, which are supply and demand factors.

Egg grades are based on certain external and internal characteristics which

have been fovmd to have an influence in determining the price among the mem-
bers of the wholesale trade. Attempts by the extension services of the New
England States to carry the idea of quality to the consumer through building

up consumer recognition of grades and their identifying marks such as labels

and trade names have failed to meet with marked success, either because con-

sumers as a class fail to understand the factors entering into a good grade of eggs

versus a bad grade, or because the factors which supervisory authorities have

considered in making up the grades are not the factors really considered by
consumers in buying eggs. No attempt has previously been made to determine

the relative importance of the factors entering into the several grades established

by state authorities. Extension specialists in approaching producers with a

marketing program have specified certain qualifications for eggs which may or

may not be the particular qualifications demanded by consumers, particularly

those for which the consumer is willing to pay a premium over the average price.

As a result of these observations the study was undertaken to answer the ques-

tion as to what quality factors consumers were willing to pay for. It is doubtful,

however, whether the study completely answers this question. The method of

purchasing eggs from retail stores in cartons or by telephone gives the consumer

very little opportunity to judge whether the eggs are of sufficient quality to

justify the price asked. In such instances the consumer must and does depend

upon the retailer to deliver a dozen eggs of good quality. If she continues to

buy eggs from this store or continues to purchase the same grade, it may be

assumed that she is either ignorant of what constitutes quality, or satisfied with

what she has received, price considered.

The producer, as well as the consumer, should be interested in knowing

whether price is a criterion of quality. The methods used in securing the data,

by comparing prices paid with quality of each dozen purchased, should tell

Mr. Yount, formerly Assistant Professor of Agricultural Economics, initiated the project, di-

rected the collection of data, and completed some of the correlation analyses.
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whether there is any relationship between quahty and price. The study will

also determine the extent to which these quality factors affect price and the

relative importance of each, if statistical measures are applied.

The method used in the study was to purchase eggs at retail from a selected

sample of stores representative of the consuming areas in Massachusetts. At

each store visited a purchase was made consisting of one dozen of each grade of

eggs sold by that store. Each sample was given a number and a form was filled

out giving data concerning the type of store, the name of the grade, the price

for which it was sold, and other identifying information. The samples were

taken immediately to a central point where they were candled by an egg special-

ist. They were weighed and the external characteri.stics noted.

In order to correct for seasonal conditions, samples were collected at three

different times during the year: first, during the period of highest prices in

November; second, during April when receipts of eggs in all the central markets

were heavy and the average quality was high; third, in August, when current

receipts were low and the quality of production was also low, due to temperature

and methods of handling. The first sample was taken in November, 1928, in

the cities of Springfield, Worcester and Boston, while the samples collected in

April and August (1929) were confined to the metropolitan area in and around

Boston.

Quality Factors Considered

An attempt was made to obtain a measure of every quality factor that might

have any influence on price. The factors considered were as follows:

I. External

a. Appearance—clean or dirty

b. Color

c. Number of broken eggs, crax or leakers

d. Weight of eggs—net weight per dozen

e. Range in weight

II. Internal

a. Shrinkage as indicated by air space

b. Condition of yolk

c. Condition of white

d. Inedibles—such as rots, stuck yolks, blood and meat spots

Method of Indicating Quality

For each dozen of eggs purchased a data sheet was filled out similar to that

in Figure 1. External characteristics were indicated by count and internal meas-

urement. Thus, on appearance the number of dirty eggs was indicated. On

color the number of eggs of the less important color was noted. On uniformity

the range in weight between the largest and smallest egg was noted. The net

weight was indicated by weighing the eggs as sold in the carton and deducting

the weight of the carton.

In indicating the int(>nial quality the factors were graded into classes. Thus,

air space was divided into five classes as follows:
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Class Inches

1 0-1/16

2 Ke - Vs

3 Vs-H
4 M - M
5 % and over

On condition of the yolk three grades were used.

Class Grade

1 Not visible

2 Slightly visible

3 Clearly visible

Condition of the white was indicated by three grades also.

Class Grade

1 Firm and clear

2 Reasonably firm

3 Weak and watery or worse

An example of the scoring for each internal quality factor is shown in Figure

1 under the candling record. From these records a score was made for each

dozen on the basis of adding the figures for individual eggs. Variations in these

scores were indicative of differences between individual dozens with respect to

each of the qualities considered.

The external score was computed by deducting l}4 points for each dirty egg

and 2 points for each egg differing in color from the majority. Uniformity was

scored as follows:

Range in Weight Points

(ounces) off

5 1

6 2

7 4

8 6

9 9

10 12

11 15

12 18

Net weight per dozen was scored on the basis of a weight of less than 24

ounces. No attempt was made to score eggs of more than 24 ounces. The method

of scoring was as follows:

Weight per dozen Points off

23 1

22 2

21 6

20 - 12

19 20

18 30

A deduction of 10 points was made for each broken egg.

The external score of the dozen in Figure 1 was figured as follows: 3 and ^
points for the 3 dirty eggs, 4 points for the 2 white eggs in the brown dozen, 6
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points for the range of 8 ounces between the size (per dozen) of the smallest and

the largest eggs, and an additional point because the weight lacked one ounce of

being a full 24-ounce dozen. Thus it may be seen that in the case of both the

internal scores and the external scores the higher the score the poorer the quality

of the eggs.

Method of Analysis

The individual data sheet as illustrated bj' Figure 1 and the above scoring

method made it possible to obtain a score for each individual quality factor and a

final or total external, and internal, quality score for each dozen. In order to

evaluate the importance of these four factors, the records were first sorted by

general grade, whether eastern, western or cold storage, and by type of store as

between private and chain. The purpose of this split was to eliminate basic

differences in retailing methods between private and chain stores as one factor

in price differences, as well as to eliminate broad grade differentials as between

nearby and western or cold storage eggs. This analysis was made separately

for the sample collected in each of the three periods in order to obtain a further

check on the relative importance of each factor at different seasons of the year.

Tabular analyses were made to discover the simple relationships between

average quality and price for eastern and western eggs in chain and private

stores. Multiple correlation analyses were made for both external factors and

internal factors in order to determine the influences which each of the various

quality factors had on price under all conditions.

TABULAR ANALYSIS'

Simple analysis was made by the use of tables to determine the variation of

prices between stores for the same and for different qualities of eggs. These

tables should tell whether price may be used as a criterion of quality. In other

words, can a consumer depend upon price paid to insure quality?

In this analysis the store and egg grade relationships are used, as indicated

previously. Weights are given in ounces. It should be kept in mind at all times

when considering interior quahty scores that the lower the score, the better the

egg. The final scoring includes air ceU, condition of white and concUtion of yolk.

In order to gain a better conception of the meaning of interior scores examples

may be cited. The best dozen of eggs purchased scored 41 and the poorest, a

dozen of cold storage eggs, scored 129. The poorest "fresh" dozen scored 120.

April Eggs

The extreme range of prices paid for eggs in April was from 30 to 65 cents.

(Table 1). The most frequent prices paid were 33, 39, 45 and 55 cents, with 45

cents the most common. It was in the April group that the best and the poorest

dozens of fresh eggs were found. Two dozen eggs scored 41 each. One of these

dozen had perfect white and yolks, and only five eggs out of the dozen had air

cells larger than one-sixteenth inch. This dozen sold for 55 cents. The other

dozen scoring 41 sold for 49 cents. The poorest dozen of eggs scoring 120 sold at

39 cents. In this dozen, nine eggs had weak and watery whites and clearly visible

yolks, one of which was stuck. The air cells were aU over one-fourth inch and 7

were over three-eighths inch. This latter dozen was branded' eggs.

'Prices in the following tables are in cents per dozen. Frequencies represent number of dozens

at given prices. The method of indicating quality scores is described on pages 4 and 5.

Branded eggs will be used to indicate labeled or trade marked eggs.
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Table 1.

—

Price Range and Frequency Table, April Eggs

Price
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Table 2.

—

Weight and Quality Scores, April Eggs

Price per

dozen

(cents)
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Table 3.

—

Price Range and Frequency Table, August Eggs

Price
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Western Eggs

The range in price of western eggs in chain stores was from 35 to 70 cents,

with one-half of the sales concentrated around 41 and 25 per cent around 51

cents. Weights showed considerable variation, especially in the lower-priced

groups. Poorest eggs were found in the most frequently paid price groups, and

better eggs were found in the higher-priced groups. Outside of these two groups,

price advanced with quality and weight. In private stores price advanced with

weight and quality except for the 45-49 cent group. The eggs in the latter were

comparable in quality with the highest-priced group though 13^2 ounces lighter

in weight.

Table 4.

—

Weight and Quality Scores, Augu.st Eggs

Price per

dozen

(cents)
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November Eggs

With p6»ak prices of eggs occurring in November, it is natural that prices

show the greatest range for this month. The extreme range was from 36 to 98

cents. However, considering only fresh eggs, as in the two previous cases, the

range is from 48 to 98 cents, a variation of but 50 cents.

The data for this month are not so valuable because of the smaller number

of dozens purchased. The introduction of storage eggs necessitates the division

into six classes instead of four. It will be noted, also, that the percentage of

western eggs purchased was very small. Western eggs comprised 20 per cent,

eastern 45 per cent, and storage 35 per cent of the samples for November.

Storage Eggs

Prices of storage eggs ranged from 36 to 69 cents with the highest price

found in a chain store. (Table 5). In both private and chain stores among stor-

age eggs the weight increased as price increased. The lack of relationship be-

tween air space and interior quality would seem to prove that weight was a

predominating factor in the price of storage eggs. (Table 6).

Table 5.

—

Price Range and Frequency Table, November Eggs

Price
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Table 6.

—

Weight and Quality Scores, November Eggs

Price per
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Wester77 Es^gs

The western eggs which were purchased at chain stores at the higher prices

were shghtly larger and of much better quahty than those purchased at lower

prices. Among private stores price was not a criterion of weight and quality

above the lowest price group.

Group Averages

Tables 7 and 8 afford an opportunity to observe average price differentials

between stores and egg grades relative to weight and quality. Average weight

for the various classes is a constant in April. There is an average margin of 3

cents among private stores over chains. The buyer would be compensated for

this charge by the extra service rendered by the private stores.

The 3-cent margin carries through for the other months, with the exception

of eastern eggs in August when the margin is 6 cents and for western eggs in

November when the differential is reversed. Weights, however, are variable and

the higher differential is often for a lighter egg.

Table 7.

—

Weight Averages and Average Price Paid
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Branded Eggs*

If the above variations in quality appear in the ordinarj' dozen of eggs at

retail stores, the question may be asked—"Can the consumer be sure of quality

and value for his money by buying branded eggs?" A record of brands was taken

for April and August only. Although 26 brands were purchased in the survey,

only 5 brands in April and 4 in August occur frequently enough to be of signi-

ficance. Table 9 gives the variations which were found in each of the internal

and external quality factors. Internal quality varied from moderately fresh eggs

to the poorest quality found in the survey. Internal quality was poorer in

August than in April. The variation in weight per dozen was about the same

for the two months. The range in weight of eggs within the dozen was about

the same in both months.

Table 9.

—

Quality Variations in Branded Eggs
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ceived by the managers. It will never be po-ssiblc to guarantee quality to the

consumer until there is some uniformity of care given to the preservation of eggs

in local stores.

Table 10.

—

Variation in Quality Found in Fourteen Dozen of a Popular
Brand of Eggs

Brand No. 2

Price
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chance, the survey would show that, on the average, weight varies with price

through most of the price range. Quahty, as reported by air cell, condition of

yolk and condition of white, is a much more variable factor. Although quality

was more variable than weight, the lowest price of eggs usually represented the

lowest quality. Moderately high prices usually insured high quality, but high

premiums paid did not guarantee highest quality. Many of the eggs for which

the highest prices were paid were no better than those purchased in the moder-

ately priced groups. The average quality of eastern eggs was invariably higher

than the average quality of western eggs. Storage egg prices showed but little

relationship to quality, but weight varied directly with price throughout the price

range.

The margin between private-store and chain-store prices was 3 cents as an

average in the three time periods. As the average quality was also better, the

extra service rendered by the private store cost nothing.

Branded or labeled eggs should assure the consumer of some degree of uni-

formity of quality. The survey indicated that this was not true. There was a

great range of quality and some range in weight in any one of the various brands

purchased. Price was the only uniform factor.

It may be concluded from the survey that price is not a satisfactory criterion

of egg qtiality in eggs purchased from retail stores. It is, however, the best meas-

ure the householder has when she buys eggs. Undoubtedly much of the variation

in quality occurs after the eggs are in the hands of the retailer. All the work

which has been done in egg grading v/ill come to naught as long as retailers treat

eggs as they would canned goods. Producers, consumers and dealers should be

interested in the consumer getting what she pays for.

CORRELATION ANALYSIS
The tabular analysis was conducted in order that the average reader might

understand the results of the study. However, in order to make a tabular analysis

it was necessary to classify the data and conduct the analysis by means of aver-

ages. In such an analysis many characteristics of the data and relationships are

covered up. A more scientific analysis may be made by the use of correlation

methods.

Relation of External Qiiality to Price

E.Nternal quality factors may be observed Ijy the buyer. Hence it is often

assumed that there should be some definite relationship between the appearance

of a dozen of eggs and the price paid. The quality factors considered as external

are: weight, number of dirties, uniformitj^ of color and uniformity of size.

Weight, as shown in the tabular analysis, has a dominating influence. The other

factors proved to have some influence on price. Weight was taken from the other

external factors and placed along with the internal factors for study.

The multiple correlation coefficients which were obtained show that there is

some relationship between price and external quality factors (less weight) for

August and April. In both months the relationship was significant in each of

the sub-classifications except for eastern eggs in April. It appears that external

factors exert very little influence on price of eggs sold in chain stores in August.

In one case only, that of private-store eggs in August, do the external quality

factors cause as much as 35 per cent of the price variations due to quality. In

all of the remaining cases the influence is below 25 per cent. (See Table 12).
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Table 12.

—

Correlation of Price and External Quality Factors Minus Weight



EGG QUALITY AND PRICE 19

In August the reduction for each dirty egg was shghtly higher except for eggs

sold in chain stores and for eastern eggs. For the latter group the loss in price

was about .25 of a cent for each dirty egg.

Net Effect of External Quality Factors on Price

In figuring the combined effect of external quality factors on the price of

eggs, range in weight may be disregarded. Considering the other two factors, the

influence was from zero, in the case of eggs which contained no off-color or dirty

eggs, to 8.36 cents a dozen with six off-color and twelve dirty eggs. The price of

eastern eggs in April appeared to be unaffected by these factors, but it is probable

that such results were obtained because of the small percentage of eastern eggs

which were dirty and a still smaller percentage of off-color eggs.

In August the maximum loss of all eggs could be but 6.8 cents as compared

with 8.36 cents in April. For eastern eggs the maximum loss would be 5.49 cents,

but in any case it is hardly conceivable that the conditions under which there

would be a maximum loss in price would take place.

Internal Quality Factors

The combined effect of weight, together with the three factors of internal

quality for all eggs purchased in all stores, was greater during the period of high

prices and during the period of low demand and hot weather than in the spring

of the year when quality was good and supply was well in excess of current de-

mands. These factors had most effect on price during hot weather, the difference

being 15 per cent more than during the period of low prices. As between stores

the factors had relatively more effect on price in private stores than in chain

stores during every period of the year. This was especially noticeable in April

when the percentage was 20.5 per cent in favor of the private stores. Similarly

quality and weight factors had more influence on the price of eastern eggs than

western eggs at all seasons of the year. These relationships are also shown when
each major grade group is broken down as between private and chain stores.

Table 13.

—

Corrected Correlation Coefficients Between Internal Quality
Scores (including weight) and Price

April August November

All Eggs .656 .762 .705

All Eggs (omitting weight) .519 .643

Chain Stores .517 .708 .629

Private Stores .682 .770 .715

Eastern Eggs .530 .663 .606

Western Eggs .427 .582 .426

Importance of Air Space

Air space, representing the amount of shrinkage in the egg, is a direct function

of the time and conditions under which eggs have been held. It affects flavor

and interior quality and any relationship shown between air space and price

should be of significance in the establishment of grades, since it is the one factor

of internal quality that can be determined easily by the individual producer.

In November, air space was the most important single factor affecting price in

both types of stores. It stands second in importance to weight on the basis of

major grade groups, eastern and western. It is the most important internal

factor, being the only one having any marked relationship to price. In general,

an increase of one point in the score on account of air space produced a drop of
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slightly more than one cent in price. This may be interpreted to mean that for

each }/§ inch additional air space per egg, prices on the average drop one cent

per dozen. If all twelve eggs in a dozen showed M inch air space instead of J^

inch, prices in November would be more than 12 cents below the average. This

varies somewhat between eastern and western eggs and between chain and

private stores. In November the drop in price in chain stores for increasing air

space was appro.ximately 63.63 per cent higher than the drop in private stores.

In April, air space is relatively unimportant as compared with weight. The

average for all stores shows a net drop of 3 cents per dozen for each unit increase

in air space score, or yi of one cent decrease for each Y^ inch increase in size of

air space in each egg. Relatively, then, air space has about one-fourth as much
significance during a period of low prices as during a period of high prices.

Table 14.

—

Regression Coefficients Between Internal Qualitv Scores
(including weight) and Price

April August November

Air Space

All Eggs -.265

All Eggs (omitting weight) -.446

Chain Stores -.222

Private Stores -.024

Eastern Eggs +.068

Western Eggs -.021

Yolks

All Eggs -.479 -h.l92 +.027

All Eggs (omitting weight) -.479 -.068

Chain Stores -.021 +.116 -.176

Private Stores -.762 +.091 +.373

Eastern Eggs -.852 -.105 +.643

Western Eggs -.274 +.431 +.033

.517
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showing an air space 14 inch above the average, while private stores show a de-

crease in price of 3/5 of a cent for a similar increase in air space.

Condition of Yolk

Condition of yolk is relatively unimportant except during the spring of the

year at which time it has more effect than air space in determination of price.

It is particularly important in connection with eastern eggs and in private stores.

During this period an increase of one point in the score on account of poor yolks

is safficient to reduce the price per dozen almost 3^ of a cent. In private stores

the effect is to reduce prices % of a cent, while with eastern eggs the average is

more than 4/5 of a cent reduction in price for each additional egg in a dozen with

a poor yolk.

Condition of White

Condition of white also appears to be relatively unimportant in price deter-

mination at any of the three seasons studied. August is the only month in which

any significant relationship appears. The average for all eggs in this month
shows a net loss of .3 cents per dozen for each additional point on the score of the

condition of white. This factor is more important for chain stores than for

private stores and for western eggs than for eastern eggs, although the exact

measure of this difference is indeterminate.

The apparent unimportance of the condition of white and yolk is accounted

for in part by the interrelationship between size of air space and the other two

internal factors. This is shown by the relatively high correlation between these

factors at all seasons, but particular^ in November and August.

Effect of Weight

Weight is one of the most important factors affecting price at all seasons of

the year, but is most important both relatively and actually in August. In this

month each additional ounce per dozen causes an increase of 4.5 cents per dozen

in price. In April each additional ounce of weight produces an increase of 2.4

cents per dozen, while in November the increase is 3.2 cents per dozen. In April

weight is relatively more important in connection with eastern eggs and eggs

sold in private stores, and in November the same holds true. In August the effect

of weight is slightly greater in private stores than in chain stores and for western

eggs than for eastern eggs. The differences are not large enough to be significant

in either case.

The effect of the several factors on the price of all eggs may be summarized

as follows:

CENTS PER DOZEN

Each J^ air space per egg

Each yolk worse than average

Each white wor.se than average

Each additional ounce per dozen less than average

The combined effect of these factors....

Assume that a farmer or a storekeeper stores eggs under improper conditions;

that perhaps the purpose of storing is to secure a higher market pri(!e. What
are the chances of a net gain in receipts for the eggs? The eggs when gathered

weighed 24 ounces per dozen. During the whole period they lose, on an average,

April
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1 ounce per dozen, air space increases 14 inch, and there is an average loss of one

egg on whites and no loss on yolks. According to the table shown above, this

deterioration would amount to 7.8 cents per dozen in April, 14.1 cents per dozen

in August and 15.2 cents in November. The loss per case would be $2.34 in the

spring, .S4.23 in the summer and .S4.56 in the faU. This represents the cost of

tardy marketing or of storing eggs under improper conditions.

Conclusion

The most definite and significant relationship discovered from this analysis

is that prices are directly related to weight under all conditions. That weight is

a significant factor is not new, the trade has long recognized this fact. However,

it has not been known that weight is more important at one season of year than

another and that the premiums which are paid for weight are fairly definite.

If premiums are known, it is possible to carry on further research in egg produc-

tion to determine whether the production of large eggs is profitable.

Size of air space, condition of white, and condition of yolk are largely de-

termined by the delay in marketing and the conditions under which the eggs

are stored from the time they are produced until they reach the consumer.

Until further research is carried on as to the effect of time and various conditions

of temperature and handling on the quality of eggs, all unnecessary delays must

be prevented and temperature kept low if the eggs are to reach the market in

proper condition.

I'UBLICAJION OF THIS DOCUMENT APPROVED BY COMMISSION ON ADMINISTRATION AND FINANCE

4M-6-32 No. 5671



Massachusetts

agricultural experiment station

Bulletin No. 283 May, 1932

Downy Mildew of Cucumbers

By William L. Doran

Downy mildew is a common and important disease of cucumbers
in Massachusetts as well as in most of the eastern and southern states.

This is a report on investigations of the source of the primary infection,

the effect of climatic factors on the disease and on the fungus which
causes it, and the prevention of infection by the use of fungicides.

MASSACHUSETTS STATE COLLEGE

AMHERST, MASS.



DOWNY MILDEW OF CUCUMBERS
By William L. Doran, Research Professor of Botany

INTRODUCTION
Downy mildew, caused by the fungus Peronoplasmopara cubevsis (B. & C.)

Clint., is one of the most common and important diseases of field-grown cucum-

bers in Massachusetts. It was present here in seven out of the past eight years.

In greenhouses, too, its onset is so sudden and its spread so rapid that it is re-

garded by growers with much concern.

The disease is by no means new, for it was present in Massachusetts as earl,v

as 1890 (21).' Its distribution has recently been discussed by Weber (48), and,

as he points out, it has been found at some time in all regions of the United

States except the more arid parts. Because of its economic importance and gen-

eral distribution, this disease and the fungus which causes it have received con-

siderable attention from earlier investigators. There is, nevertheless, much about

the fungus and the disease which remains obscure.

Work described in the present paper was undertaken with the object of add-

ing to the knowledge of host relationships, source of the primary infection, effect

of climatic factors on sporulation and on spore germination and infection, and

prevention of infection as by the use of fungicides.

HOST RELATIONSHIPS
Relative Susceptibility of the Species of Cucurbits

Peronoplasmopara cubensis has been reported (39, 40, 48) as occurring on 28

species of plants, all in the family Cucurbitaceae. These include cucumber,

muskmelon, watermelon, squashes, pumpkin, and several gourds, ornamentals,

and species not cultivated.

The species named in Table 1 were grown in the field with rows of cucumber

plants alternating with rows of the other species. All plants were inoculated

three times by the application of a water-suspension of the conidia of P. cubensis

obtained from the leaves of cucumber. As was evidenced by the severity of downy

mildew on cucumber, the season was very favorable to the disease, and the

relative susceptibility of the several species was put to a fair test. The degrees

of infection which resulted on each species in the course of the growing season are

recorded in Table 1.

Downy mildew was severe on cucumber, moderate on muskmelon, present

as only a trace on watermelon, and absent from squash and pumpkin. There

was no infec'tion or only a trace of infection on the other species tested.

In other fields and in several years, downy mildew has been observed causing

the death of cucumber leaves when it was absent from or present as no more

than a trace in adjoining plots of watermelon, summer squash, Hubbard squash,

and pumpkin.

The only species of the Cucurbitaceae w^hich grow without cultivation here

are Sicyos angulalus and Echinocystis lobata. The former is rare and the latter

is conmion. But downy mildew has not been found here on E. lobata, even when

growing near infected cucumbers. These observations and those recorded in

Table 1, like those of Clinton (10) and Halsted (18) support the conclusion of

'Reference is made by number to "Literature cited," p. 20.
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Table 1.

—

Relative Susceptibility of Several Species of Cucurbits
TO Infection by P. cuhensis from Cucumber

Species inoculated Degree of infection

Cucumis sativus L Cucumber Very severe

Cucumis sativus L. var. anglicus Bailey English forcing cucumber Very severe

Cucumis Melo L Muskmelon Moderate

Cucumis Melo L. var. inodorus Naud Cassaba melon Moderate

Cucumis Anguria L Bur gherkin None
Cucurbila Pepo L Field pumpkin None
Cucurbita Pepo L. var. condensa Bailey Summer squash None
Cucurbila moschala Duchesne Cushaw squash None
Cucurbila maxima Duchesne Hubbard squash None
Citrullus vulgaris Schrad Watermelon Trace

Sicyos angulalus L One-seeded bur cucumber Trace

Echinocyslis lobaia Torr. & Gr Wild balsam-apple None

Luffa cylindrica Roera Rag gourd Trace

Benincasa hispida Cogn White gourd Trace

Lagenaria leucanlha Rusby White-flowered gourd Trace

Trichosanlhes Anguina L Serpent gourd Trace

Momordica Balsamina L Balsam-apple None
Melolhria scabra Naud None
Bryonopsis laciniosa Naud. var. erythrocarpa Naud Moderate

Wilson (52) that the native species of the Cucurbitaceae are comparatively

immune to downy mildew.

It seems safe to conclude that cucumbers are not in danger of infection by

P. cubensis from wild plants in Massachusetts, and that P. cuhensis from cucum-

ber does not infect or does not readily infect certain other cultivated species

(watermelon, pumpkin, squashes, and certain gourds) which have been reported

as hosts. There is, of course, a possibihty of biologic specialization by this fungus.

Factors Affecting Susceptibility of Cucumbers

Varietal Differences

Twentj'-eight varieties of cucumber, including those common in the field and

in greenhouses, have been grown, and downy mildew resulting from natural

infection has been equally severe on all of them. The results of these observations

agree with those of Clayton (9) and Weber (loc. cit.), neither of whom found

any differences in the susceptibility of the varieties of cucumber to downy
mildew.

Age of Leaves

The oldest cucumber leaves are usually the first to be attacked bj^ downy
mildew in nature. The disease is almost never found on young leaves of cucum-

ber and, as was observed by Halsted (17), this is true also of squash. To deter-

mine the relation of age of cucumber leaves to their susceptibihty to infection

by P. cubensis, leaves of various ages were inoculated by placing them on drops

of a water-suspension of conidia. These leaves were grouped into eight classes

on the basis of age. There was no infection of the three youngest leaves of any

plant, and there was but little infection of the fourth leaves. Older leaves were

all and equally susceptible. In these and other experiments, the youngest leaves

of cucumber were entirely resistant to infection by P. cubensis.

According to Clinton (loc. cit.) infection may take place either through the

stomata or directly through the epidermis. Stewart (42) and Selby (38), how-

ever, observed infection by the germ tubes of the zoospores of this fungus only
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through tlie .stomata, and tliis is the only iiiothod of infection seen by the writer.

I'sing the xylol test of Molisch (31), it appears that the stomata of the youngest

leaves of cucumbers are not open. This fact, and the relative difficulty with

which such leaves are wetted, is believed to exjilain the resistance of young
cucumber leaves.

Fertilizers

It has been reported (28) that applications of i)otassic fertilizers decrease

the susceptibility of some plants to certain fungous diseases. Blattny (5) ob-

served indications of this effect of potash, and of lime, on downy mildew of hop;

and, according to Quanjer (35), downy mildews of cabbage, grape, and lettuce

may be more severe in soils deficient in potassium.

In order to learn whether or not potash and lime have any effect on the sus-

ceptibility of cucumbers to downy mildew, cucumber plants were grown from

seeds to the fruiting stage, in soil (an infertile and fairly acid sandy loam) treated

as indicated in Table 2. The plants were grown in two-gallon crocks with treat-

ments in triplicate. All plants were inoculated with P. cuhensis, and the per-

centages of leaves which became infected within five weeks after inoculation

are recorded in Table 2. The susceptibility of cucumber to downy mildew was

not affected significantly by potash or lime (or a complete fertilizer) as applied

to this soil.

Table 2.

—

Effects of Potash and Lime on Susceptibility of
Cucumber to Downy Mildew

Soil treatment (per acre) Percentages of leaves infected

Check (no lime, potash, or fertilizer) 50

Potassium carbonate, 600 lbs 46

Potassium carbonate, 1200 lbs 67

Hydrated lime, 3 tons 52

Hydrated lime, 4 tons 61

Hydrated lime, 3 tons and potassium carbonate, 600 lbs 52

Hydrated lime, 4 tons and potassium carbonate, 1200 lbs 45

Complete fertilizer (5-8-7), 1500 lbs 42

Complete fertilizer, 1500 lbs. and hydrated lime, 3 tons 45

Complete fertilizer, 1500 lbs. and hydrated lime, 4 tons 40

Complete fertilizer, 1500 lbs. and potassium carbonate, 600 lbs 41

Complete fertilizer, 1500 lbs. and potassium carbonate, 1200 lbs 59

Complete fertilizer, l.WO lbs., hydrated lime, 3 tons, and potassi\un carbonate, 000 lbs. 49

SOURCES OF THE PRIMARY INFECTION

Search for Oospores and Other Wintering-over Stages of the Fungus
in the Field

Many species of the Peronosporaceae live through the winter by means of

oospores, and a number of investigators (13, 17, 21, 11, 36, 10, 4, 14) have, there-

fore, looked for oospores of P. ctibensis. Rostowzew (36) is, however, the only

one who believed that he found them. But he did not establish, as by their ger-

mination and infection of cucumber with them, that they were indeed oospores

of this fimgus.

The writer has repeatedly looked for oospores in cucumber leaves infected

with or killed by P. cubensis. This has been done in the fall, before and after

the death of the leaves, and also in the following spring and summer, after the

dead diseased leaves had passed through the winter (or through two winters)

buried in soil (outdoors, in a greenhouse, or in a laboratory). Oospores of one
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of the Phycomycetes have occasionally, although rarely, been found by the

writer in the remains of cucumber leaves, especially petioles which, after having

been killed by downy mildew, had passed through one winter in the soil in the

field. Efforts to germinate them or to infect cucumbers with them have, however,

been unsuccessful. Thus no proof was obtained that they are oospores of P.

cubensis or that this fungus produces oospores.

Clinton (loc. cit.) suggested the possibility that the oospores of this fungus,

if there be any, may develop only after the union of distinct and sexually different

mycelial strains. With this possibility in mind, the writer has inoculated the

same leaves of cucumber plants with conidia of P. cubensis obtained from several

sources. After leaves so inoculated had become infected and killed by downy

mildew, they too were buried in soil over winter. The decomposed residue of

such leaves was examined for oospores one and two years later, but none were

found.

It is conceivably possible that this fungus might live through the winter in

the soil in some other stage than as oospores, e.g., as saprophytic mycelium or

specialized and long-lived conidia. None have been found, however, and no

infection resulted when Clinton (loc. cit.) and Adams (2) inoculated cucurbits

with soil in which cucurbits had died of downy nuldew the previous season or

with the remains of the leaves of cucurbits which had been killed by downy

mildew.

On numerous occasions in the course of this investigation, cucumbers have

been inoculated with soil in which cucumbers had grown and died of downy

mildew one and two years before, or with inoculum consisting of cucumber leaves

killed by downy mildew the previous fall and wintered-over in the soil outdoors.

In very few cases has infection followed, and these few were always at a time of

year when the conidial stage was present in the field here. It is, therefore, at

least possible that such little infection as did occur was accidental rather than

from inoculation with over-wintered material, and the only safe conclusion is

that the results of such inoculations were negative. Thus, as in the work of

other investigators mentioned above, no evidence was secured that downy

mildew is associated with the over-wintering of P. cubensis in dead host plants

here.

As supporting evidence, it should be added that there is no apparent relation

between previous cropping systems and the time of appearance or severity of

cucumber downy mildew. The disease often reappears in fields where it has

occurred before, but the writer, like Stewart (loc. cit.), has often found it in

fields in which no cucurbits had been grown for several or many j^ears before.

Adams (1) did not find any evidence that the previous crop had any relation

to the prevalence of the disease; and in Florida, too, Weber (loc. cit.) has noted

that crop rotation does not protect cucumbers against dowTiy mildew.

It has been observed that the disease when it appears at all in Massachusetts,

and it usually does, is to be foxmd in every or almost every field of cucumbers,

and at approximately the same time, whether or not cucumbers were previously

grown in these fields. It seems evident, therefore, that the source of the inoculum

may be distant and that the inoculum is probably air-borne.

In this connection, it should be noted that Adams (1) found no evidence that

P. cubensis is seed-borne. The fungus has not been found in or on the fruit of

the cucumber, and inoculations of cucumber fruits by the writer have never

resulted in infection.
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Relation of the Disease in Greenhouses to the Disease in the Field

A fall crop of cucumbers is often started in greenhouses in Massachusetts

while field-grown cucumbers infected with downy mildew are still living. Under

these conditions, greenhouse cucumbers frequently become infected by P.

cubensis in the fall. The observations here recorded lead to the conclusion that

such infection comes from the field rather than from the previous greenhouse

crop of cucumbers. Downy mildew is not uncommon in the fall in greenhouses

in which the soil has been disinfected by steaming and the air by sulfur fumigation

since the last crop of cucumbers was removed. The conclusion that the fungus

enters greenhouses in the fall from field-grown plants is further supported by the

observation, first recorded by Stone and Smith (45), that greenhouse cucumbers

started in August and September are more likely to become infected with downy

mildew than are greenhouse cucumbers started later, that is, in the fall after most

or all field-grown cucumbers have been killed by frost. It should also be noted

that in every year from 1925 to 1930, the disease was present in Massachusetts

in fields ea(!h summer and in greenhouses each fall; but there was no downy

mildew in the fields here in 1931 and the disease did not appear in greenhouses

here the following fall and winter.

It has been suggested (52) that P. cubensis lives through the winter on

greenhouse cucumbers and from them is disseminated to field-grown cucumbers

the next spring and summer. Observations in numerous greenhouses and in

each of the past seven years lead to the conclusion that this does not often occur

in Massachusetts, however. Downy mildew has usually been found here on

greenhouse cucumbers in the fall, but not in the winter later than January.

The observations of Stone and Monahan (44) were similar. They often found

downy mildew on greenhouse cucumbers in the fall, but for seven consecutive

years they learned of no case in which it was present all winter in a INIassachusetts

greenhouse, and in only one year did Stone (43) find the disease in greenhouses

here earlier in the summer than it appeared in the field. Guba too, although he

has made frequent observations over a period of seven years, has not seen downy

mildew on greenhouse cucumbers in Massachusetts earlier in the year than Sep-

tember, which is of course no earlier, in fact usually a little later, than it was

also present in the field. It should be noted, however, that in one year, 1915,

Osmun (33) found the disease in greenhouses in Massachusetts in May, but this

was regarded as very exceptional.

The usual absence of downy mildew from greenhouse cucumbers in Massa-

chusetts in winter and spring is explainable by the fact that in very few green-

houses in this State is that crop grown uninterruptedly throughout the winter,

and by the fact that the drying effect of the heating pipes in winter is ordinarily

such as to lower the humidity of the air below that necessary for the fungus.

The writer has kept P. cubensis alive and growing on greenhouse cucumbers

for 23 consecutive months, but to do this all winter it was necessary to inoculate

plants at frequent intervals and to increase and maintain the hiunidity of the

air above that which is common in winter in ordinary greenhouse practice.

Whitcomb and CJuba (51) have described the prevention of powdery mildew of

cucumber by greenhouse management, that is, by keeping down the relative

humidity of the greenhouse air. This method is no less effective against downy

mildew, and the disease is a menace in greenhouses only in the fall before much

artificial heat is used.

'Letter of January 29, 1931 from E. F. Guba of Mass. .Vgr. Expt. Sta.
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Wintering-over of the Fungus in the South and Dissemination North-
ward by Winds

Peronoplasmopara ciibensis is known to live through the winter in Florida.

Hume (20) stated that it may be found there on living hosts throughout the

year, and Weber^ has recently informed the writer that cucurbits are grown and

P. cubensis has been found on them in every month of the year in that State.

It has been suggested or accepted by several investigators (10, 32, 43, 14)

tliat P. cubensis, living through the winter in the South, may be disseminated

northward in the spring and summer with the northward advance of the season

and the cultivation of the host plants.

Lacking oospores or other equally long-lived spores, the dissemination of

this fungus, either locally or for greater distances, can at present be attributed

only to ('onidia. The conidia of the downy mildew fungi are usually thought

of as being very short-lived, but Angell and Hill (3) have found that the conidia

of some of the downy mildew fungi {Bremia lactucae Regel, Peronospora parasitica

(Pers.) de Bary, and Peronospora hyoscyami de Bary) may retain their viability

for several days or even weeks. Similarly, Katterfield (23) found that conidia

of Peronospora schleideni Ung. may remain vial:)le in moist air for ten days.

The writer has succeeded in keeping the conidia of P. cubensis alive in moist

air for 50 hours, but not longer. Spores which can live that length of time may,

however, be carried long distances by the wind.

Ascending air currents may carry fungous spores, like dust, high into the air.

Spores have been found floating in the air at altitudes up to 11,000 feet (41).

Such spores, even at much lower altitudes may be carried horizontally many
miles by wind before they settle to earth. Thus Pennington (34) found evidence

that wind-borne aeciospores (of Cronartium ribicola Fisch.) were carried to a

point 110 miles from their starting place. According to Lambert (26), there is

enough movement of southerly winds to carry urediniospores of Puccinia gram-

inis Pers. from Texas to the spring wheat area in the North in less than three

days, and the observations of Wallace (47) lead him to the conclusion that these

spores, borne north by the wind from Texas or even Mexico, may be inoculum

for wheat in the Northern States.

The conidia of the downy mildew fungi are no less well adapted to distribu-

tion by wind both liecause of their smallness and the great numbers in which

they are produced. Weston (49) observed that the spread of the Philippine

Sclerosporas of maize followed closely the direction and extent of the nightly

air currents. He did not attemjit to determine the precise amount or extent to

which the conidia of these fungi were disseminated by winds, but he found that

they were carried for at least several miles and concluded that wind is the most

important factor in their dissemination. Leach (27), similarly, concluded that

infection of beets by Peronospora schactii Fckl. can often be accoimted for only

by wind-borne conidia.

As Lambert (loc. cit.j has pointed out, dust storm analogies and other evi-

dence indicate that the wind is capable of carrying fungous spores many miles,

or as far as from Florida to Massachusetts. But it is not necessary to postulate

the flight of the conidia of P. cubensis the whole length of the Atlantic seaboard.

Downy mildew of cucurbits is present most years, as the season advances, in

most or all of the Coastal States, and it is entirely possible for the conidia to be

borne from Florida to Cleorgia to the Carolinas and so on northward by several

'Letter of October 10, 1931 from G. F. V^eber of Fla. Agr. E.xpt. Sta.
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stages as the host plants are grown farther north; the absence of the disease in

the North when it is already present in the South being due as much to the ab-

sence of the host as to the absence of inoculum. The evidence being, in the nature

of the case, necessarily largely circumstantial, it is easier to prove that the inocu-

lum can be carried northward by winds than that it is so carried. It is the belief

of the writer, however, on the basis of the earlier discussion and the evidence

presented below, that the conidia of P. ciibensis, the primary inoculum, reach

Massachusetts from Connecticut, Long Island, and the lower Hudson Valley

after the fungus has reached these regions by the aid of wind from more southerly

points. Because of downward air currents and rain, it seems unlikely, though

possible, that the spores move the whole or nearly the whole length of the Atlan-

tic Coast of the United States on any one wind or in any one fight. Even so,

the total distance could be covered in a relatively short time, and with only

short interruptions, for, as is discussed below, infection by, and incubation period

and sporulation of P. cubensis may all occur in a few days.

In each of the seven years from 1924 to 1930 inclusive, downy mildew of cu-

cumber has been found in the field in Massachusetts, and has always appeared

within the first 18 days of August, whether the summer was rainy or dry. But

the disease was not found in this State in 1931 although many cucumber fields

were examined at weekly intervals, or oftener, up to the time of killing frosts.

The weather of the season was not significantly different from that of previous

seasons in which downy mildew had been severe, and the absence of the disease

in 1931 is attributable only to lack of primary infection rather than to failure

of the disease to spread within a field.

In 1931, downy mildew of cucurbits seems to have been decidedly less com-

mon and less severe south of here also.'' In Connecticut, the disease was not found

until the very end of the season and then only in one field, although the weather

of the season was, in the opinion of Clinton, not unfavorable to it and it was pres-

ent as usual the previous year. It was not reported as present in either New York

or Pennsylvania. Only a trace of infection was found in Delaware. It was present

in West Virginia, but to a lesser extent than the previous year. It was either

absent or very unimportant in South Carolina. There was very little of the

disease in Georgia, although the weather (rainfall) was considered favorable

to it in June and July. In Florida, and this is of particular interest, fields were

remarkably free from downy mildew, and the disease was not of economic im-

portance.

There was, therefore, a miuinmm chance of the causal fungus reaching Mass-

achusetts from states farther south and under these conditions, downy mildew

of cucurbits did not appear in this State.

Most of the primary infection in Massachusetts occurs in August. It is at

least interesting to note that in August, 1931, there were 30 per cent fewer

days with southerly winds and about 39 per cent less total southerly wind move-

ment in miles here than the averages of the preceding five years. AMth very

little inoculum in states to the south in 1931 and with much less southerly wind

movement here than usual, the fungus did not appear in Massachusetts that

year.

^The .statements in this paragraph are based on information received from G. P. Chnton, C.

Chupp, G. L. Zundel, J. F. Adams, C. R. Orton, G. M. Armstrong, F. Van Haltern, and G. F.

Weber, representing respectively the Agricultural Experiment Stations of Connecticut, New
York, Pennsylvania, Delaware, West Virginia, South Carolina, Georgia, and Florida.

'This information w-as furnished by C. I. Gunness, Meteorologist of Mass. Agr. Expt. Sta. in

letter of March 8, 1932.
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INFECTION AND SPORULATION AND THEIR RELATION
TO ENVIRONMENT

A plant disease such as downy mildew of cucumber appears and spreads only

when the inoculum, in this case conidia, comes in contact with susceptible host

plants under conditions, as of temperature, humidity, and absence of fungicide,

which are favorable to spore germination, infection, and sporulation. Spore

germination, which necessarily precedes infection, will be first considered.

Germination of the Conidia

All germination of the conidia of this fungus observed irl this investigation

was by zoospores, the method of germination which has been seen and described

by others (21, 38, 10, 25). Rostowzew (loc. cit.) described the germination of

these conidia by germ tubes, but none were seen by the writer.

Conidia germinated freely in water, including dew and water of guttation,

but not in merely moist air. Unsuccessful attempts were made to germinate

conidia in the diluted juices of crushed leaves of cucumber. Conidia have been

seen to germinate at temperatures between 8° and 29° C, with the best

germination at 16° to 19° C.

According to both Kurosawa (25) and Hiura (19), the maximum temperature

for their germination is 30° C. The optimum temperature for their germination

as determined by Kurosawa was 20° to 22 °C., but Hiura placed it somewhat

lower, at 15° to 19° C. Kurosawa concluded that the minimum temperature for

their germination was 9° C, but Hiura observed some germination at 4° C.

Accepting even the more narrow limits (9° to 30° C. or about 46° to 86° F.),

it is evident that there is very rarely a night or early morning here in August or

the first part of September (when most of the conidial germination occurs)

which is too warm or too cool for some germination of these spores.

The length of time required for the germination of conidia is of interest, for

the shorter this time, the less are the conidia at the mercy of a changing environ-

ment and the greater is the chance for infection. In the investigations of Clinton

(loc. cit.), the conidia germinated within two to four hours after being placed

in water, and as observed by Kurosawa (loc. cit.), most of the conidia germinated

within one to one and one-half hours.

It was found by the writer that the time required for their germination is

affected somewhat by temperature. At temperatures between 8° and 24° C,
all germination was completed within three hours, but conidia germinated within

two hours and thirty minutes at 12° C. and within one hour and forty minutes

atl8°C.
It is concluded that two to three hours on a leaf wet with rain or dew is enough

for the germination of most of the conidia of this fungus, although even conidia

from the same source, and not visibly different, do not all germinate at the same

time.

Conidia in the preliminary stages of germination in water were much more

readily killed by subsequent exposure to dry air than were conidia which had not

been previously wetted. Cucumber leaves bearing conidiophores and conidia

were wetted and kept wet for fifty minutes, at the end of which time they were

quickly dried for twenty minutes. Conidia thus treated were killed, while conidia

which had not been previously wetted were uninjured by this short exposure to

dry air (at the same temperature, 20° C). In this way, some conidia may be

killed in nature if they are on a leaf which remains wet for a short time, but not

long enough to permit germination to be completed.
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Zoospores emitted from germinating conidia are, as has been described by
Kurosawa (loc. cit.), usually active for about one hour, following which they

remain motionless for about one hour before germinating. Conidia may, there-

fore, under favorable conditions, emit zoospores which later initiate infection by
germ tubes all within four to five hours after the conidia have reached a leaf

which remains moist during that period. As is discussed below in connection

with infection, it was found that there is some infection even of leaves which

remain wet no longer than five hours.

The length of life of conidia was found to depend on the moisture conditions

which follow sporulation. The younger the conidia, the more freely they ger-

minated. Conidia removed from cucumber leaves and placed (on glass) in moist

air at 20° to 25° C. remained viable for 50 hours, but not half so large a percent-

age of them germinated at the end as at the beginning of that period. In drier

air, the life of the conidia was relatively short. Conidia were removed, at hourly

intervals beginning at 6 a. m., from cucumber leaves wet with dew on which

the fungus had sporulated in the night. Conidia removed before 10 to 11 a. m.

germinated freely, but there was no germination of conidia removed later in the

day after the dew had dried from the leaves in the sunlight. Similarly, germinat-

ing conidia and motile zocjspores were usually found on leaves wet with dew up

to about 10 a. m., but not later.

Infection of Cucumber Leaves

Inoculum used in infection experiments was usually obtained by placing in

water for two to three hours leaves on which the fungus had recently sporulated,

for at the end of that time the conidia had germinated and zoospores were abun-

dantly present in the water. Of course this method of obtaining inoculum was not

used when the time necessary for infection was being investigated, since infection

involves and must be preceded by germination of conidia. The high relative

humidity necessary in order that inoculated plants may remain wet until infec-

tion has occurred was obtained by means of Wardian cases, or by covering plants

with cloths supported on frames and kept wet with running water, or by increas-

ing the humidity of one whole compartment of a greenhouse, which was easily

possible at night and on cloudy days.

Cucumber plants growing in soil in two-gallon crocks, or shoots of plants

rooted and growing in Knop's solution, were sometimes found convenient for

inoculation purposes. In some cases detached cucumber leaves floated on sterile

water were inoculated, but this method was not very successful. Cotyledons of

cucumber seedlings were ftmnd to be easily infected on the living plants. In

other cases, detached cotyledons, after being washed in sterile water, were

placed in sterile Petri dishes with distilled water or a five per cent solution of

glucose. These detached cotyledons were usable in inoculation experiments, for

they remained alive two weeks in the sucrose solution and about three weeks

in distilled water.

In order to determine how long leaves must remain wet in order to permit

infection, cucumber plants were inoculated by placing on each plant 100 drops

of a freshly made water-suspension of the conidia of P. cuhensis. These plants

were then placed in moisture-saturated air (at 18° C), and after the intervals of

time indicated in Table 3, some of the plants were removed to dry air for 12 hours,

at the end of which time, they were returned to moisture-saturated air. The

percentages of infection points which resulted, as compared with the 100 points

inoculated on each plant (means for triplicates) are recorded in Table 3.
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Table 3.

—

Relation of Infection of Cucumbers to Length of Time
Inoculated Plants Remain Wet.

Number of hours inoculated Percentage of points inoculated

plants remained wet at which infection occurred

24 76

14 71

12 77

10 82

7 47

6 22

5 5

2J^

There was no infection of plants which remained wet only two and one-half

hours after inoculation. Five hours on a wet leaf was enough to permit some

infection, certainly enough to establish the fungus in a greenhouse or field.

There was, however, much more infection of plants which remained wet six hours,

and the maximum infection occurred on plants which remained wet ten hours

after inoculation.

Cucumber plants which had been inoculated with a water-suspension of the

conidia of P. cubensis were placed in moisture-saturated air at the time of inoc-

ulation. After 50 minutes, half of the plants were removed to dry air so that the

fohage was entirely dry within 20 minutes. Thirty minutes later, they were

returned to moisture-saturated air, with plants similarly inoculated, but not

dried, and there all remained for 24 hours. No infection resulted in the case of

plants which had been exposed to dry air for 30 to 50 minutes. This supports

observations made in connection with the germination of conidia, to the effect

that conidia which have been in water for a time may be very quickly killed by

dry air, much more quickly than are conidia which have not begun to germinate.

In another series, cucumber plants were inoculated with conidia obtained early

in the morning and at intervals of one hour from plants wet with dew in the

field. Infection resulted up to the time that the sun dried the dew from the

leaves from which conidia were obtained, but not later. It appears from this

that infection in nature, in sunny weather and the absence of rain, takes place

the same night or the same morning as that in which sporulation has brought

the infecting conidia into existence. The same dew or rain (or water of guttation)

which induces sporulation may also provide the necessary moisture for germina-

tion and infection. This is one reason why downy mildew often spreads so rapidly

in the field.

Rain is unnecessary for infection by P. cubensis. Dew or water of guttation

often provides all the moisture on the leaf which is necessary for infection.

As has been noted by Clayton (9) and others, downy mildew of cucumber may
be severe even in dry seasons.

When soil and air are sufficiently moist, as they sometimes are in greenhouses

in the fall before artificial heating is used, water of guttation escapes from and

collects on the margins of the leaves of (-ucumbers. An examination of cucumber

leaves naturally infected in a greenhouse showed that more than half of the

first infection occurred on the margins of the leaves. In order to investigate the

part which water of guttation may play in infection, cucumber plants were

inoculated by placing dry conidia on the dry leaves. Plants thus inoculated

were grown in soil maintained at 70 to 75 per cent of its water-holding capacity
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and ill air with a relative lumiidity of not less than 90 per cent at about 20° C.

I'nder these conditions, drops of water of guttation soon appeared on the margins

of the leaves. A good infection, including sporulation, resulted, and it was
(ionfined to the margins of the leaves where the water of guttation had stood,

although conidia had been appHed all over the surface of the leaves. No infection

resulted when cucumber plants were thus inoculated by placing dry conidia on
dry leaves if the inoculated plants were then grown in soil and air too dry for

water of guttation to appear.

The relation of air temperature to infection of cucumber bj' P. cubensis has

been investigated by Hiura (loc. cit.) who concluded that the minimum tempera-

ture for infection is 10° to 15° C, the optimum about 20° C, and the maximum
at or not far above 30° C. The writer has secured infection of cucumber plants

inoculated at 10°C., but not below, and at 28° C, but not above; most complete

infection has been secured at temperatures between 16° and 22° C. These tem-

peratures at which infection is possible correspond fairly closely to the cardinal

temperatures for the germination of conidia, to which reference has already been

made.

Infection through upper as compared with lower surfaces of the leaves is of

interest, as having a possible bearing on the use of fungicides. The observations

of the writer lead him to agree with earlier investigators (38, 42) that infection

by the germ tubes of the zoospores of this fungus is through the stomata. How-
ever, as has been recorded by others (38, 16), cucumber plants may be infected

by this fungus through both the upper and lower leaf surfaces. As determined

by the writer, there are two to three times as many stomata per unit area on the

lower surface as on the upper surface of cucumber leaves, but there is abundant

opportunity for infection through both surfaces except as they are protected by

fungicides. In fact, it is probable that more leaves are infected through the

upper surface, for the writer was able to prevent most (but not all) accidental

infection by applying a fungicide to the upper surfaces of leaves, but not the lower.

The incubation period for downy mildew of cucumber may mean either the

interval of time between inoculation and sporvilation, that is, the appearance of

conidiophores and conidia on inoculated leaves, or it may mean the interval of

time between inoculation and the appearance of the yellowish leaf spots indica-

tive of infection. These leaf spots usually appear three to five days after inocu-

lation. With temperature and moisture conditions near the optimum, infection

of leaves usually ends in sporulation within six to nine days after inoculation.

In the case of cotyledons of cucumber seedlings, the incubation period may be

shorter, so that conidiophores and conidia are produced four to six days after

inoculation. If the incubation period is understood to end only with sporulation,

it may, as is described below, be prolonged in dry air almost indefinitely, within

the life of the plant of course. Even in moist air, the incubation period is affected

somewhat bj' temperature. The incvibation period ended in sporulation seven

days after inoculation at 20° to 28° C. and nine days after inoculation at 16°

to 20° C.

These results may help to explain the observation of Hiura (loc. cit.) who
noted that the appearance of the disease in the field was hastened by high tem-

peratures up to 30° C, and delayed by low temperatures near the mininunn for

infection.
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Sporulation

Conidiophores and conidia of this fungus wero foiuid growing only on tlic

true under side of leaves. This was the case even when leaves of cucumber were

inoculated only on the upper surface, or when infected leaves were kept wet only

on the upper surface, or when petioles of inoculated leaves were so twisted as to

hold the leaves inverted. According to Kostowzew (loc. cit.), however, P.

cubensis may sporulate, although rarely, on the upper surface of leaves. In tlie

course of this investigation, cotyledons of cucumber seedlings were often inocu-

lated and on them the fungus sporulated on both upper and lower surfaces,

although the cotyledons, like leaves, have typical palisade cells above with

spongy mesophyll below. In this, the behavior of the fungus is like that of

Peronospora schactii, for Leach (loc. cit.) observed that the latter produced

conidiophores only on the lower surface of the leaves of beets, but on both the

upper and lower sui'faces of cotyledons.

Good and equally complete sporulation was obtained at air temperatures

between 16° and 22° C. The cardinal temperatures for the production of the

conidia of this fungus as determined by Hiura (loc. cit.) are: maximum, 27° C;
optimum, 15° to 19° C; and minimum, below 10° C. This is the same as his

optimum temperature for the germination of conidia, but his maximum for spor-

ulation is a little lower than for germination. In either case the range is great

enough so that there is little likelihood of the disease being much checked by

temperature in the field here.

Sporulation, as observed in the field, occurred most freely in the early morn-

ing on leaves then wet with dew. Rain is not necessary for sporulation. The mois-

ture of dew permits and induces sporulation, germination, and infection, all with-

in a few hours, ending with the drying of the dew by the sun in the course of the

forenoon. In this, P. cubensis resembles Sclerospora graminicola (Sacc.) Schroet.,

for Weston (50) found that dew provides enough moisture for the production of

conidia by that fungus. Van Everdingen (46) has similarly emphasized the im-

portance of dew in favoring outbreaks of potato late blight.

As has been mentioned in connection with the incubation period, P. cubensis

may live in inoculated leaves in dry air for several days or weeks without sporu-

lating. Leaf spots appear, often rectangular and at first limited by small veins,

but the violet or purpHsh-gray mats of conidiophores and conidia do not develop

on them nor do the spots increase in size until the relative humidity of the air is

raised almost to saturation. In long-continued dry weather, the tissue in these

leaf spots and the fungus with them may die without the whole leaf being killed.^

However, if the air becomes sufficiently moist before this occurs, sporulation

follows very promptly. Cucumber plants inoculated w-ith P. cubensis were

allowed to remain in moist chambers, at 20° C, for two days following inocula-

tion, at the end of which time they were placed in the dry air of a laboratorj^

where they remained for three weeks. Leaf spots indicative of infection appeared

on them six days after inoculation, but no conidiophores were produced in the

course of three weeks in the dry air. At the end of this time, the foHage was
wetted, the plants were placed in the moisture-saturated air of Wardian cases,

and an abundant gro^vth of conidiophores resulted within twelve hours.

It is nut unlikely that the drouth of 1930 was in this way the cause of the limited inoculum in

the South the following year, to which reference has already been made.
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EFFECTS OF FUNGICIDES ON SPORULATION, GERMINATION,
AND INFECTION, AND ON CUCUMBER PLANTS

Effects of Sulfur and of Copper-lime Dust on Sporulation

The effectiveness of fungicides against the downy mildews and many other

fungi is usually explainable by the fact that they are toxic to the spores of fungi

and thus prevent spore germination and infection. Relatively little attention

has been paid to the effect of fungicides on the sporulation of such fungi.

Cucumber plants which had been inoculated, but on which the fungus had
not as yet sporulated, were wetted and dusted either with sulfur or with copper-

lime dust.' These plants were then placed in moist chambers together with other

inoculated plants with the disease in the same stage of incubation, but without

fungicides. The fungus sporulated normally on the leaves of plants without fungi-

cides. There was some, but less sporulation on leaves of plants with copper dust.

There was no sporulation on leaves of plants which had been dusted with sulfur.

In later experiments, detached cucumber leaves, showing the leaf spots

symptomatic of infection by P. cubensis, but with no sporulation of the fungus,

were wetted and divided into three groups of 50 leaves each. One lot was dusted

with sulfur, one with copper-lime dust, and one received no fungicide. All were

kept over night in a moist chamber at 18° C. and then examined for sporulation.

Per unit area of leaf surface, conidia present expressed as relative numbers were

as follows: on leaves without fungicide, 100; on leaves with copper-lime dust,

29 to 80; on leaves with sulfur dust, to 5.

In these experiments, therefore, sulfur was much more effective than copper-

lime dust in preventing sporulation. Some of the effect of sulfur on this fungus

and the disease which it causes is due to its action in inhibiting sporulation, but

it is evident that this effect alone is not enough to prevent infection of plants

by a fungus the spores of which may be wind-borne from other plants which have

not been sulfured, unless the fungicide is also effective in preventing spore germi-

nation. Such prevention of sporulation can prevent later infection only when

there is no other source of inoculum from plants not sulfured, which may be the

case in greenhouses here in fall and winter after all field-grown cucumbers have

been killed by frost. This may explain in part the observation of Stone (43)

that sulfur vaporized on heating pipes at least helps to prevent downy mildew of

cucuml)er in greenhouses.

Effect of Sulfur on the Germination of the Conidia

Cucumber leaves infected with P. cubensis and bearing the conidioj)hores

and conidia of this fungus were cut in half, and half of each leaf was dusted

with sulfur. These and the unsulfured halves of the leaves, in neither case

wetted, were placed in moist chambers (Wardian cases) at temperatures from

22° to 26° C. After intervals of time varying from 13^ to 5 hours, conidia were

removed and placed in water at a temperature of 18° C. Under these conditions,

more than 60 per cent of the conidia from loaves not sulfured germinated. The

percentage of sulfured conidia which germinated is shown in Table 4.

Exposure to sulfur for 5 hours at 22" C. or for -iVz hours at 24° C, with the

sulfur in contact with the conidia and without i)rocii)itat(Hi moisture, j)revented

the later germination of these conidia.

'The sulfur used in tliesc and later experiments was 300-mesh (98 per cent) dusting sulfur, and the

ooppcr-Iinic dust was one guaranteed to contain not less than 19 per cent monohydrated copper

sulfate.
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average of 21 infection points per plant on the plants inoculated with conidia

not sulfured, but there was no infection of plants inoculated with sulfured coni-

dia. In a similar experiment, lettuce jolants were inoculated with conidia of

Brcmi'a lactticae which had been in contact with sulfur (dry) for 6 hours at 23° C.

No infection resulted, although there was abundant infection of lettuce inocu-

lated with (;onidia from the same source but not exposed to sulfur. In these

experiments, there was no water on the leaves when the sulfur came in contact

with conidia.

In other experiments, leaves of cucumber plants were dusted with sulfur,

and drops of water containing conidia of P. cubensis were placed on them. Under
these conditions, infection was not prevented. As before, the behavior of P.

cubensis in this respect was compared with that of another downy mildew fungus.

Drops of a water-suspension of the conidia of Bremia lactucae were placed on let-

tuce plants after the plants had been dusted with sulfur, and under these condi-

tions normal infection resulted. Copper-lime dust suiiilarly used prevented all

infection bj^ both of these fungi.

In these and other experiments, partial protection of cucumbers was thus

afforded by sulfur if the inoculum, conidia of P. cuhensis, was made ineffective

by the sulfur before the inoculum in water was present on a leaf. But if the

conidia were in water on a leaf before the sulfur reached them, their germination

and the resulting infection were not prevented. It seems evident that more
reliance may be placed on sulfur for the control of dowTiy mildew of cucumber

in the greenhouse than in the field. It is true that in the greenhouse, leaves of

cucumber may be wet at times (as by leaks, overhead watering, or water of

guttation) and under these conditions, sulfur will not be effective; but in the

field, leaves and conidia may be wet every dewy morning and under these con-

ditions, sulfur is ineffective. It is then that copper fungicides are most valuable.

Earlier investigators are practically agreed that downy mildew of cucurbits

as it occurs in the field, is profitably controllable by Bordeaux mixtures. Their

conclusions have recently been cited by Weber (loc. cit.) and will not be re-

viewed here. Adams' and Weber (loc. cit.) have also found copper-lime dusts

effective.

In experiments by the writer, sulfur and copper-lime dusts were applied to

cucumbers in the field at intervals of 8 days beginning both before and after

infection by P. cubensis (2 days after the first conidiophores were found on the

leaves.) Plots dusted first before infection received two more applications than

did plots dusted first after infection. Each plot was 10 feet wide and 100 feet

long and plots were in triplicate. Average 3'ields in pounds per unit area, expressed

in relative numbers, are recorded in Table 5 for the years 1926 and 1927.

Sulfur did not increase yields, in fact its use was followed by yields lower than

those of check plots. This means that sulfur not only failed to provide protection,

but actually injured the cucumber plants to which it was applied. Plots which

received early applications of sulfur did, however, yield more than plots first

dusted with sulfur after the disease appeared, indicating that sulfur had some

fungicidal effect, although not enough to offset its toxicity to the dusted plants.

Other investigators (53, 29, 15, 48) have also found that sulfur may be in-

jurious to cucumbers and other cucurbits, especially muskmelon. Because of

the susceptibility of greenhouse cucumbers to injury by sulfur if applied too

Adams, J. F. Downy mildew caused by Pseudoperonospora cubensis. U. S. Dept. .\gr., Bur.

Plant Ind., Plant Dis. Rptr., Sup. 34, pp. 202-203. 1924. (Mimeographed.)
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Table 5.

—

Effects of Sulfur and Copper-Lime Dust on Yields of
Cucumbers Infected with P. Cubensis

Plot treatments

\



18 MASS. EXPERIMENT STATION BULLETIN No. 283

In each of the six years from 1925 to 1930 inclusive, downy mildew was looked

for in cucumber fields of Hampshire County, Massachusetts, at intervals of 3

days beginning July 20 and continuing until the disease appeared. Downy
mildew was first found here on August 15 in 1925, August 4 in 1926, August 6 in

1927, August 9 in 1928, August 18 in 1929, and August 11 in 1930. For six years,

therefore, the disease always appeared here for the first time between August 4

and August 18, and this without any apparent relation to the date of planting

or the weather of the season. On the basis of these observations, it is probable

that field-grown cucumbers here need to receive treatment with a copper fungi-

cide for protection against downy mildew l)egiiuiing aI)out July 25, but not

before.

Frequency of Applications

The intervals of time between ai)i)lications of a fungicide to plants are usually

determined by the rate at which the plants grow and the rapidity with wliich

the material is lost from the leaves as by weathering. It is frequently recom-

mended that fungicides be applied "often enough to keep new growth covered."

However, as has been shown, the youngest leaves of cucumber do not become

infected with downy mildew, although these temporarily resistant leaves become

susceptible as they grow older. P. cuhensis is, under favorable environmental

conditions, reproduced and disseminated very rapidly. On August 5, 1926,

downy mildew was found on less than 2 per cent of the cucumber plants in a field

of about 1 acre; on August 10 it was present on a little more than 50 per cent of

the plants; and on August 15 every plant in the field was infected. It is evident

that the intervals of time between applications of fungicides in such cases should

not be long. Clayton (9) recommendetl that fungicides be applied to cucumbers

in the field twice a week. In Massachusetts, however, adequate protection has

been obtained with a copper fungicide applied 5 times at intervals of 8 days;

and the disease was profitably prevented by Weber (loc. cit.) when applications

of Bordeaux mixture or of copper-lime dust were applied at intervals of 1 week.

This is considered to be often enough in this State.

Concentration of Bordeaux Necessary

Downy mildew of cucumber was controlled in the field by Bordeaux mixture

3:3:50 without injury to plants, and that is the concentration here recommended

for use in the field. There may, however, be severe injury and stunting of the foli-

age of greenhouse cucumbers sprayed with Bordeaux mixture of this formula.

Many fungicides as used in the field are applied at a greater concentration

than is actually required to prevent spore germination and infection. This

practice may be necessary in the field, however, because of the gradual loss or

removal of the effective constituent by rains or weathering. In greenhouses,

the likelihood of such loss is at a minimum. With this consideration in mind,

and because of the possibility of injury to greenhouse cucumbers by copper

fungicides, the effects of each of several Bordeaux mixtures on infection of

greenhouse cucumbers by P. cuhensis was investigated.

Greenhouse cucumber plants (30 plants receiving the same treatment) were

sprayed 3 times at intervals (jf 1 week using Bordeaux mixtures of the following

formulas: 3:3:50, 3:10:50, 2:2:50, 2:10:50, or 1:1:50. Although there was in this

case no real burning of foliage, the growth of plants sprayed with Bordeaux

mixtures containing more than 0.25 per cent copper sulfate was retarded. All

plants (including checks) were inoculated with P. cuhensis 2 days after the
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second application of fungicides. Every leaf of check plants without fungicide

became infected. There was no infection of any of the plants sprayed with any

of the Bordeaux mixtures, including the 1:1:50 formula. In these and other

experiments of the writer, infection of greenhouse cucumbers by P. ciihensis was

prevented by Bordeaux mixture 1:1:50, and in these experiments, as in those of

Guba (15), Bordeaux mixture 1:1:50 did not have the injurious effect on leaves of

greenhouse cucumbers which sometimes follows the use of Bordeaux mixtures

containing more copper. It is concluded that a Bordeaux mixture of the 1:1:50

formula is to be preferred to a more concentrated mixture when a fungicide is

needed for the control of downy mildew of cucumber in greenhouses.

SUMMARY
Downy mildew caused by Peronoplasmopara cubensis is common and often

severe on all varieties of cucumbers in both fields and greenhouses here. The
fungus from cucumber was found to infect muskmelon, l)ut not squashes, pump-
kin, or watermelon. Cucumber is in no danger of infection by this fungus from

weed hosts in this State. Youngest leaves of cucumber were found to be resist-

ant to infection. The susceptibility of cucumber was not affected by applica-

tions of potash or lime to the soil.

No oospores or other wintering-over stages of the fungus have been found

here, and inoculation of plants with material wintered-over in the soil has not

resulted in infection. There is no relation between previous cropping systems

and the occurrence of the disease here. The fungus enters greenhouses from

fields in summer and fall, but it very rarely lives through the winter in green-

houses in Massachusetts. The fungus lives through the winter on living hosts

in the South. All available evidence indicates that the fungus probably reaches

Massachusetts from states farther south after a gradual northward movement
l)y the aid of wind.

Conidia germinate in water, including dew and water of guttation. They

were found to germinate at temperatures from 9° to 30° C. and to germinate

best at 16° to 19° C. Infection took place at temperatures from 10° to 28° C.

with most complete infection at 16° to 22° C. which was also about the optimum

temperature for sporulation. Two to three hours on a wet leaf is long enough

for germination. Conidia may emit zoospores and these may initiate infection,

all within 5 hours. Length of life of conidia depends on moisture conditions.

Some conidia remained viable for 50 hours in moist air.

Leaves which remained wet only 2)^2 hours were not infected, but there was

some infection of leaves which remained wet 5 hours after inoculation.

Infection usually ends in sporulation within 6 to 9 days after inoculaton.

Dew may provide enough moisture for sporulation. In dry air, the fungus may
live in infected leaves for several weeks without sporulating.

Sulfur was more effective than copper-lime dust in preventing sporulation

of the fungus. Conidia were killed by contact with dry sulfur for 5 hours at 22°

C. Sulfur was, however, not toxic to these conidia in water. Infection was not

prevented when the conidia in water fell upon leaves dusted with sulfur. Not
only did sulfur fail to provide protection in the field, but it was also definitely

injurious to cucumber plants. In both field and greenhouse copper fungicides

are to be preferred to sulfur for the control of downy mildew.
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Yields of cucumbers were increased more if copper-lime dust was first applied

before, rather than after, infection. In Massachusetts, the first application of a

copper fungicide should be made, in the field, about July 25. Later applications

should be made at weekly intervals. Bordeaux mixture 3:3:50 is a sufficient

concentration for use in the field. Bordeaux mixture 1:1:50 prevented infection

of greenhouse cucumbers and, because of the possibiHty of copper injury, this

is the concentration suggested for use in greenhouses.
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QUESTIONS AND ANSWERS CONCERNING
PULLORUM DISEASE

By H. Van Roekel,' Chief of Laboratory

Poultry Disease Control

Introduction

Since numerous inquiries concerning pulloruni disease have come to the at-

tention of the hiboratory, it has been deemed advisable to present this informa-

tion in the form of questions and answers which should serve the needs of the

Massachusetts poultry industry. In preparing this bulletin an effort has been

made to present the infonration in such a manner that poultryn.en will be able

to understand the nature, eradication, and prevention of the disease.

W/-£CT£iO OilCKS
J iA/fi/C^ MAY

SPREAD i/vrecTioH
//V MCUBATO/?

Cycle, or iNrLcrioN

$s

CHICKS W g/fOO0£/f flOUZEi

Figure 1.—Pullorum Disease Infection in a Flock May Follow This Cycle.

The disease can be eradicated either by breaking the cycle of infection through

eliminating the infected birds by means of the macroscopic agglutination test, or by

disposing of the entire infected flock and replacing it with pulloruni disease-free stock.

'.\ssisted by K. I-. Bullis, O. S. Flint, and .Miriam K. Clarke, .\ppreciatioii is e.xtcnded to Dr.

.John B. Lentz, Head of the Department of Veterinary Science, for the suggestions made concern-

ing this bulletin.
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History and Distribution of the Disease

1.—When was puUorum disease discovered? This disease was first re-

ported late in the niiu'tccntli century. In 1899, Rettger isolated the causative

organism froin infected chicks. The organism was first named Bacterium pullorum

and the disease was designated bacillary white diarrhea. In 1925, the name of

the organism was changed to Salmonella pullontm. In 192S, the name bacillary

white diarrhea was changed to pullorum disease.

2.—What is the geographical distribution of tlie disease? Heports of

the disease have come to our attention from England, continental Europe,

Asia, Africa, Australia, Canada, and approximately every state in the ITnited

States. ... .

Nature and Dissemination of the Disease

3.—What is the cause of pullorum disease? The cause is an infectious

agent, a microscopic organism known as Salmonella pullontm.

\.

>



MASS. EXPERIMENT STATION BULLETIN No. 284

Photograph 2.—Bird No. I—Non-infected Hen; Bird No. II—Infected Hen.

Pulloruni diseased birds as a rule cannot be differentiated from the non-infected by
physical examination. Apparently normal, well-developed birds may be affected with
the disease. Infection in such birds can be detected either by the agglutination test or
by bacteriological examination. Refer to questions 4 and 33.

Photograph 3—Ovaries Removed from Hens.

Specimens I and HI, showing irregular shaped, discolored and pedunculated ova,

are affected with pullorum disease. Specimen II, showing normal ova, is not affected.

Refer to question 4.
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5.—Can the disease spread among adult birds? Yes. Non-infected

adults may contract the disease when placed in contact with infected birds.

The rate of spread is influenced by the condition of the flock and type of manage-

ment, but generally speaking it appears to be slow.

31

Photograph 4—Oviduct Removed from an Infected Hen.

Parts I and II are the funnel and albumen secreting portions of the oviduct, respect-
ively. The funnel or fimbriated portion shows an enlarged and thickened wall. The
albumen secreting portion (anterior end) is impacted with hard, dried egg material.
The exterior surface of the impacted region is roughened due to inflammatory condi-
tions. Such changes may be found occasionally as a result of inflammation of the
oviduct and other abdominal organs. Part III is the shell gland portion. Refer to ques-
tion 4.
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6.—Are male birds affected? Yes. Males may contract the disease. The
percentage of reactors among tested males appears to be less than among tested

females. It is probable that the sex difference is not the only factor responsible

for the difference in the percentages of reactors.

7.—Do males play a role in dissemination? Conclusive evidence is not

available to show that males spread the disease. Focal infections have been

observed in the testicles. Also, one might assume that the infected male could

eliminate the organism in the droppings, as occurs in diseased females. Further-

more, males might act as mechanical carriers in transmitting the organism from

the cloaca of an infected female to the cloaca of a non-infected female.

r-^ , -4,.

Photograph 5.—The heart on the left Is apparently normal and was removed from a

non-Infected hen. The heart on the right shows enlargement, thickening of the heart

sac, and roughened heart surface. S. pullorum was isolated from the pericardial fluid.

Refer to question 4.

8.—What is a pullorum disease "carrier"? A "carrier" is an infected

bird that has not succumbed to the disease during chickhood or has become in-

fected before or during maturity.

9.—How is the organism eliminated by adult birds? The organism

may be eliminated by means of the droppings (secretions and excretions from

the digestive, urinary, and reproductive tracts), by eggs, abrasions in the skin,
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Photograph 6. Lower Portion of a Leg of a Pullorum Disease Reactor.

Note the enlargement of the foot in the region of the arrow. The pad of the foot had

an abrasion in the skin which was covered with a scab. S. pullorum was isolated from

pus in the region of the digital cushion. Refer to question 4.
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and po.ssihly from the inoulli, nostrils, and eyes. The organsim has been isolated

from an abscess in the foot, which at one time appeared to have communicated
with the exterior. The organism has also been found in the respiratory system.

According to investigations, the presence of th(> organism has l)een observed in

eggs and droppings.

10.—Through what avenues may birds become infected? Birds have

been infected by way of the digestive and respiratory tracts, eyes, abrasions in

the skin, and cloaca.

I

Photograph 7.—Testicles Removed from a Reacting Adult Male.

Testicle No. I appeared to be functioning even though its structure was firm and its

size greatly reduced. .S. pullorum was isolated from this testicle. Testicle No. II ap-

peared to be normal In size and texture. S. pullorum was not isolated from this organ.

Refer to question 7.

11.—How may infection be introduced into an adult flock? The

disease may be introduced into an adult flock through buying infected stock,

returning birds from .shows or contests, using equii)ment (bird and egg crates,

feed sacks, etc.) that may have been contaminated elsewhere; feeding infective

eggs; and feeding garbage which miglit contain infective eggs or offal of infected

birds.



PULLORUM DISEASE 9

12.—May adult birds contract the disease by eating fresh eggs laid

by infected hens? Yes. Investigations have shown that birds may contract

the (Hsease by eating infective fresh eggs. In some flocks one frequently observes

birds that have formed a habit of egg-eating. This habit may have been ac-

quired as a result of birds laying the eggs on the floor or dropping board. At

present the most important means of spread among adult flocks appears to be

through eating infective fresh eggs.

Photograph 8.—An ovum (abnormal in color, size ,and shape) was found in an infer-

tile egg which contained an apparently normal yolk. Note the dark peduncle which was
its means of attachment to the ovary. S. pullorum was isolated from the amber colored,

caseated contents of this ovum. Enlarged 2x. Refer to question 9.

13.—Can the disease be transmitted through the egg? Yes. Infective

eggs used for hatching purposes transmit the disease to the chicks. Feeding of

infective eggs to chicks will infect them.

14.—How does the disease affect young chicks? The disease may mani-

fest itself within a few days after hatching. The following symptoms may be

observed: depressed vigor, loss of appetite, a tendency to remain under the

hover, frequent cheeping, droopy wings, shortened bodies, pasting of the vent
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Photograph 9.—Nine-day-old Chicks Free of Pullorum Disease.

Chicks I and II are males and 111 is a female. Refer to question 14.

with white chalky excreta, marked depression and exhau.stion followed by
death. These symptoms are neither characteristic nor specific for pullorum

disease alone, since they may be observed in other health disturbances of chicks.

The mortality rate may vary from low to as high as 100 per cent. Losses may be

observed within two or three days after hatching and may continue until the

chicks are three weeks of age or older. The greatest losses usually occur during

the second week of chickhood. The onset and severity of the disease depend

upon the amount of infection in the body, the ability of the organism to produce

the disease, the resistance of the chick, and the care given by the poultryman.

In some cases diseased chicks show little or no evidence of infection, while in

other cases all the possible manifestations of the disease are found.

Piiotojirapli 1(1. N'ine-day-old, Naturally Infected Pullorum Diseased Chicks.

.Shortened bodies, pastinft of the vents with excreta, droopiness and drowsiness are

symptoms aianifested by these chicks. Chick 111 died two days after it was photo-

graphed. .S. pullorum was isolated from chicks II and 111. C;hicks I and II are males and
III is a female. Refer to question 14.
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15.—Can the disease in young chicks be accurately diagnosed with-

out bacteriological examination? No. The symptoms and lesions are neither

characteristic nor sjiecific of pvillorum disease alone.

16.—Why is an accurate diagnosis important? An accurate diagnosis

will make it possible for the owner to follow proper eradication plans. An in-

accurate diagnosis of pullorum disease may be responsible for unwarranted

efforts and expenditures or cause further dissemination of the disease and delay

eradication. One must recognize that for infected and non-infected flocks the

plans of management should not be the same in order to obtain effective and

profitable results.

17.—Where may chicks be sent for diagnosis? Massachusetts flock

owners may submit chicks to the Department of \'eterinary Science, Massa-

chusetts State College, Amherst, Mass.

18.—How should diseased chicks be submitted to the laboratory? Five

typical specimens affected with the disease, freshly killed and chilled (to retard

decomposition) should be packed in a suitable container, well insulated, and

placed in the mail so as to permit arrival in the shortest possible time.

19.—Does the disease spread among chicks? Yes. The disease may
spread among chicks in the incubator, chick box, and brooder. In the incubator

the chick may be infected by inhaling or eating contaminated material. In the

chick box and brooder the spread occurs largely through the digestive tract by

eating or pecking contaminated droppings, litter, feed, and water.

20.—How may infection be introduced into the chick flock? The
purchase of infective eggs or stock, custom hatching for infected flocks, having

eggs hatched where infection exists, feeding of infective eggs, using contaminated

equipment (sacks, chick boxes, egg crates, etc.) and contact with infected adult

stock, are means of introducing infection into a chick flock.

21.—Can persons spread the disease? Yes. The caretaker may spread

the disease in tlie handling and feetling of the chicks. Contaminated droppings,

litter, and feed may be carried from infected chicks to the non-infected chicks.

The possibility of a person carrying infection from one farm to another appears

to be rather remote, unless he carries with him contaminated material which

might be capable of infecting chicks. To safeguard against this it is advisable to

prohibit visitors from entering the egg room, incubator room, and brooder houses

.

22.—Are all birds equally susceptible? No. Artificial exposures have

shown that there is a variation in the degree of susceptibility to the disease among
both chicks and adults.

23.—Do certain breeds appear to be less susceptible? Opinion has

been expressed that the lighter lareeds appear to be less susceptible. However,

testing records show that heavy infection has been observed in flocks of all

common breeds.

24.—Are fowl other than chickens susceptible? Natural infection has

been reported among turkeys, pheasants, sparrows, bull-finch, goslings, and duck-

lings. Artificial infection has been produced in pheasants, guinea fowl, pigeons,

canary birds, and sparrows.

25.—Are mammals susceptible to the disease? (!uinea pigs, mice, rats,

cats, and especially rabbits are suscej^tible to artificial infection. Natural infec-

tion in rabbits has been reported.

26.—Is man susceptible to the disease? The disease has not been reported

in man as a result either of eating infective eggs or of handling infected stock.
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Losses Due to PuUorum Disease

27.—Do adult flocks suffer a mortality from this disease? Yes. Occa-

sionally a hijfh mortality may be experienced when the disease develops into an

acute form. Carriers in general do not possess the disease resistance of normal

birds; therefore, a higher mortality is observed among carriers than among
healthy individuals.

28.—Is egg production affected? Yes. Investigations have shown that

infected birds do not lay as well as non-infected birds. This may be accounted

for by the diseased ovary, underdevelopment, and low disease resistance of the

bird.

29.—Are fertility and hatchability affected? \Cs. The percentages

of fertility and hatchability are markedly reduced.

30.—Do chicks suffer a mortality? Frequently high mortalities, sometimes

as high as 100 per cent, are observed among infected chicks and infrequently

little if any mortality is observed. Overheating, chilling, overcrowding, and

insanitarv conditions markedly influence the mortalitv rates.

Photograph 11.—Dead Embryos.

Pullorum disease affects hatchability. At the end of the incubation period, embryos

may either be dead in the shell or be too weak to emerge from the shell. Embryos IV

and V were removed from the shell on the twenty-first day of incubation. S. pullorum

was isolated from embryos III. IV. and V. Pullorum disease should not, however, be re-

garded as the only cause responsible for low hatchability. Refer to question 29.
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31.—Do infected chicks mature normally? hi severe outbreaks the nor-

mal development is markedly affected, as shown by a lack of uniformity of growth
anil underdevelopment of birds.

Photograph 12.—Six-weeks-old Chicks Exposed to Pulloruni Infection When 12 Hours Old

Weights: No. 1, 115 grams; No. 2, 488 grams; No. i, 193 grams.
Pullorum disease has an influence on the rate, uniformity, and amount of growth.

Refer to question 31.

32.—Does the presence of the disease affect the salability of eggs

and stock? Yes. The public has been and is being educated to buy only pullo-

rum disease-free stock. A buyer who has had the unfortunate experience of

buying and losing infected chicks will avoid repeating that experience if at all

possible. A poultryman who has spent several years in developing a pullorum

disease-free flock of good breeding, and then unthinkingly or unknowingly in-

troduces infection, will suffer a great loss not only through the cost of eradicating

the disease, but also from reduced sales.

Control and Eradication of the Disease

33.—Can the disease be eliminated by culling birds that lack vigor

and vitality? No. "Carriers" of the disease are not always the poorest individ-

uals in the flock. Apparently normal, well-developed birds may be infected with

the disease.

34.—Is incubator disinfection effective in eradicating the disease?

Incubator disinfection, while partially effective in decreasing the spread of the

disease in the incubator, should not be encouraged as a means of controlling or

eradicating the disease because it is unable to destroy the organisms in the live

chick. Infected live chicks are spreaders of the disease, and complete control

or eradication requires the elimination of the spreader. Therefore, poultrymen

who have outlined an incubator disinfecting program with the intention of

eradicating this disease, can expect but one result, which is failure in eradication.
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liicul)ator (iisiiifoction should he regarded as part of the general sanitary program

and not as a disease eradication measure in its(>lf.

35.—How may carriers of this disease be detected.' Infeeted hirtls may
be detected by the following tests: Intradermal test; macroscopic agglutination

test; rapid serum agglutination test; and whole blood agglutination test.

36.—What is the intradermal, pullorin, or "wattle" test? This test

consists of injecting a biological preparation into the skin of the wattle. If a

swelling appears at the point of injection within a certain limit of time, the bird

is regarded as infected.

37.—Is the intradermal test reliable in eradicating infection from a

flock.' Leading investigators are of the opinion that the test in its present state

is not as reliable as other tests which are employed for eradication of the disease.

38.—What is the macroscopic tube agglutination test.' In general

this test consists of the following steps: all birds are legbanded; a small amount
of blood is taken from the bird and the sample labelled with the legband number;

a small portion of serum is i-emoved from the l)lood sample to a tube containing

Photojiraph 1.^.—Macroscopic Tube Agglutination Test.

The tube on the left shows a negative reaction, and the tube on the right shows a

positive reaction. Refer to question ,^8.
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Photograph 14.—The Rapid Serum Agglutination Test.

The mixtures in the squares on the left show a negative reaction, and the mixtures

in the squares on the right show a positive reaction. Refer to question 39.

Photograph 15.—The Whole Blood Agglutination Test.

The mixture in the squares on the left shows a negative reaction, and mixtures on

the right show a positive reaction. Refer to question 40.
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turl)i(l tost fluid; the scn-uiii and test fluid arc thoroughly mixed, tho mixture is

incuhatefl for 24 hours or longer at body temperature; and the results are recorded
at the end of the incubation period. A test is regarded as positive when a deposit

has formed in the bottom of the tube with the test fluid partially or completely
clear, and upon shaking of the tube the deposit breaks up into fine clumps. In a
negative test the turbidity of the mixture is not changed. All birds whose samples
react positively are reported as reactors or "carriers." These birds are removed
from the flock and slaughtered for meat.

39.—What is the rapid serum agghitination test? This test is a modi-
fication of the tube agglutination tesj. A small aiiiount of serum taken from
the blood sample is placed on a glass plate. To this serum is added a small

amount of test fluid whose turbidity is far greater than that of the test fluid

used for the tube method. The serum and test fluid are mixed by stirring and
after a few minutes the result of the test is recorded. A test is positive when
definite white clumps form in the serujii-test fluid mixture. In a negative test

the serum-test fluid mixture remains uniformly turliid.

40.—What is the whole blood agglutination test.' The whole blood

agglutination test consists of mixing whole fresh blood or whole dry blood with

a stained test fluid which is quite similar to that employed for the rapid serum
method. The results are recorded within a few minutes after the blood and test

fluid are mixed. A positive test is indicated by definite clumps floating in the

mixture. A negative test shows no clumping. This test is used on the premises,

usually in the poultry house, and tested birds are retained in trapnests or impro-

vised retention coops until the results of the test are recorded. This makes it

possible to remove positive birds from the flock immediately.

41.—Have any of these tests been adopted as standard? At the present

time, the macroscopic tube agglutination test is regarded as the standard test

for detecting pullorum disease carriers. This standard test is subject to modi-
fication or change when a more effective, inexpensive and efficient method or

test is discovered for pullorum disease eradication.

42.—Has a test been developed which has proved practical and re-

liable in the hands of poultrymen? At the present time, no test for pullorum

disease eradication is recognized as reliable and effective when placed in the

hands of poultrymen or persons not properly trained. The different tests are of

such a nature that they recjuire thorough knowledge in the fields of biological

sciences in order to obtain most expeditious and successful results in eradication

of the disease. The results of a test must be judged by the quality of the operator

and the methods employed.

43.—What is a reactor? A reactor is a bird whose serum gives a doubtful

or positive reaction in the serum-test fluid dilution of 1-25 after 24 hours' incu-

bation at body temperature. If only doubtful birds are found, they are subjected

to further examination. Postmortem examinations are often helpful in making
a diagnosis.

44.—Do infected birds always show a positive agglutination test?

Occasionally infected birds arc discovered at necropsy that did not react posi-

tively to the agglutination test. The serum dilution (proportion of serum to

test fluid) is an important factor in detecting such birds. The lower the dilution

the more infected birds will react. Infrequently, some birds may react at one test

and not at the next. Due to this fluctuation in reactions they are called inter-

mittent reactors.
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45.—Are non-reacting infected birds considered as spreaders? In-

vestigators have found the causative organism in eggs laid by such birds. The

organism has also been isolated from the ovary and other organs on necropsy.

Fortunately such birds are rare, as shown in flocks which are tested annually.

46.—Are all reactors infected with the organism? Reacting birds are

observed in which no gross signs of the disease can be found. Few such birds are

found infected on bacteriological examination. A plausible explanation for

failure to isolate the organism from some reacting birds is that such liirds either

have been infected recently or the organism has been eliminated recently. How-
ever, it must also be recognized that the methods of examination have their

limitations.

47.—Do all reactors lay infective eggs? No. If the infection is locahzed

in those parts of the body wliii'h have no direct relation or communication with

the oviduct, the organism is not eliminated through the egg. Furthermore,

not all eggs laid by an infected bird contain the organism.

48.—Should fresh eggs from infected or untested flocks be fed to non-

infected stock? No. Investigations have shown that birds may be infected

when fresh eggs laid by infected birds are fed.

49.—Why do negatively reacting birds suddenly become positive

reactors? Non-reacting birds that suddenly react positively, in all probability

have been infected recently. Artificial infection has shown that birds may first

react between the fourth and seventh day after the first exposure. The avenue

of infection, the size of dose, the ability of the organism to infect the bird, the

i-esistance of the bird, and the ability of the bird to produce antibodies are fac-

tors that determine the reaction of the bird.

50.—Should the flock be tested annually? Yes. Poultrymen who use

part or all of their flocks for breeding purposes should test all birds on the premises

each year. The test is a means of detecting infected birds. It does not assure

the owner that once his flock is free of infection it will remain free. Flocks do

become re-infected, and through annual testing the infection is detected and

eliminated before it has an opportunity to cause great losses. Therefore, annual

testing is necessary to determine, from year to year, the status of the flock in

regard to this disease.

51.—At what age may birds be tested? Reactors have been detected

among chicks seven days of age or older. However, infected chicks do not all

react at this age period. Birds tested between four and twelve weeks of age will

show a larger percentage of reactors than if tested at a younger age. On the other

hand, some young birds detected as reactors may become negative towards

maturity. Since this disease will be disseminated as long as infected birds are

present, the purpose should be to eliminate the majority if not all of the infected

birds at the earliest practical age. Birds three to four months of age may -be tested

successfully.

52.—Should birds attain egg production before they are tested?

Since the majority of infected birds can be detected before they attain egg

production, it is advisable from an eradication point of view to eliminate the

infected birds before they attain egg production in order to prevent the spread

of the disease through the eating of infective eggs laid by diseased birds. Further-

more, elimination of infected birds at an early age will also prevent dissemina-

tion by other means common in a diseased flock.
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53.—Can birds be tested on range? Birds may be succes.sfully tested on

range provided suitable facilities are available. Range testing is recommended
for infected flocks so that the bulk of the infection will not be moved into the

laying quarters where the birds are more congested and there is greater oppor-

tunity for spread of the disease.

54.—Is it necessary to test all birds on the premises? To determine

the exact disease status of the entire flock it is necessary to test all the birds on

the premises.

55.—Is it safe to retain a few untested culls on the premises for a

short time after the test? llntested culls should always be regarded as dan-

gerous to the tested flock even under the best of quarantine conditions. The
safest procedure is either to cull and dispose of the undesirable birds before the

test or to test all the birds on the premises.

56.—Is it safe to retain untested birds in separate houses for egg

and meat production? No. The practice of keeping untested birds on the

premises for egg and meat production is one of the causes for failure to establish

or maintain a puUorum disease-free flock. Most poultry plants are so organized

and managed that no quarantine measures could be successfully executed on

the two types of flocks.

57.—Why should the entire flock be tested at one visit? Testing of the

entire flock at one visit permits the flock owner and the blood collector to check

more accurately whether all the birds have been tested. It prevents untested

birds from mixing with tested birds. It assures more economical and satisfactory

routing of the blood collector.

58.—How should tested birds be marked? All tested birds should be

banded with an official sealed band in order that their future identification can

be accurately associated with their testing history.

59.—Is retesting advisable in infected flocks? In retesting infected

flocks one should consider the value of the stock, the amount of infection, and

the arrangement and the mode of operation of the plant. The value of the stock

is probably the primary consideration. If the value does not warrant the expen-

diture for retesting, then the inferior infected flock should be sold and replaced

with pullorum disease-free stock. In the majority of cases when the flock is

heavily infected, retesting is not advisable because the size of the flock will be

reduced to such an extent that a profitable breeding program cannot be followed.

Furthermore, the eradication of infection often appears to be more difficult

in such cases than where the amount of infection is small. Sometimes the ar-

rangement and operation of the plant are such that a retesting program cannot

be applied effectively. If the nature of the flock and condition of the plant do

not warrant or permit effective retesting, then the flock should be replaced with

pullorum disease-free stock.

60.—How many tests are necessary to eradicate the disease from a

flock? The number of tests required to eradicate the disease is influenced by

the condition of the birds, the amount of infection, the conditions and the manage-

ment of the plant and the quality of the test. In Massachusetts five retests within

one season have been the maximum number necessary to eliminate* the infection

from a flock. In some flocks only two retests were necessary.
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61.—Should infected or reacting birds be culled as soon as detected?

Yes. Infected or reacting birds should always be regarded as spreaders of the

disease. Therefore, immediate culling and disposal of such birds is recommended.

62.—Why should reactors not be retained for egg production? Re-

actors retained for egg production are a constant source of danger to the non-

infected birds on the premises. The possibility of the reactors coming in contact

directly or indirectly with the non-infected birds alwaj's exists. Eradication

of the disease from the premises cannot be accomplished as long as reactors or

infected birds are retained on the premises.

63.—What disposition should be made of reactors? Reactors should be

sold only for slaughter. Offal and waste should be properly handled to prevent

the spread of the disease.

64.—In case of a few reactors, is home slaughter objectionable?

Home slaughter may be practiced if the reactors are slaughtered immediately

after being detected and if proper disposal is made of the waste and offal. How-
ever, the safest prodecure is to sell the reactors to a slaughtering plant.

65.—Is feeding olTal from dressed birds to animals a dangerous pro-

cedure? Feeding offal from dressed birds to animals is an unsound procedure

because they may either become infected or act as mechanical carriers and in

that manner disseminate the disease.

66.—What disposition should be made of dead adult birds, waste,

and offal, infertile and unhatched eggs, and dead chicks? Such materials

should be burned which will destroy all forms of life. An incinerator of some

sort should be considered a necessary fixture on each poultry plant. Burying is

not reconunended unless the materials are placed at such a depth that they will

not be disturbed and lead to further dissemination of the disease.

67.—Is it necessary to clean and disinfect premises after reactors

are removed? Thorough cleaning and disinfection of the houses following the

removal of the reactors is a very important and necessary step in an effective

eradication program. The sanitary aspect of a poultry plant should not be neg-

lected, as is very often the case.

68.—What disinfectant should be used? Any of the "permitted" disin-

fectants approved by the United States Department of Agricidture are applicable

for general disinfection of poultry houses and equipment. Poultrymen have

access to the list of "permitted" disinfectants through their local county agents.

69.—Should owners of puUorum disease-free flocks practice custom
hatching? The owner of a pullorum disease-free flock should strive to prevent

the introduction of disease into his flock. This may be accomplished with the

greatest degree of certainty by eliminating all possible disease hazards. If the

owner is not certain that his customers are supplying non-infective eggs, custom

hatching is a disease hazard to his flock.

70.—Should owners of infected or untested flocks practice custom
hatching? Investigators have shown that infection may spread in the incu-

bator, and in order to prevent the dissemination of the disease, the practice of

custom hatching eggs from infected or untested flocks must be condemned.

The first consideration for such o\vners should be to establish a pullorum disease-

free flock, which will be for the good of the industry as well as for their benefit.
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71.—What dangers are associated with the practice of having eggs

hatched away from the premises? The owner who follows this practice

subjects his flock to the same hazards as the owner who does custom hatching.

In fact it may be a more dangerous practice because he has no control over cus-

tomers supplying eggs to the same hatchery. A thorough investigation of the

pullorum disease standing of the flocks and the business integrity of the customers

should be made to assure the maximum elimination of hazards. However, even

with the utmost care, one may introduce infection through this practice.

72.—If new stock is desired, what kind should be selected? In select-

ing new stock, the first consideration is health. Adults, chicks, and eggs should

be selected that arc free of infection. Such stock may be obtained from recog-

nized pullorum disease-free flocks.

73.—What is generally regarded as a pullorum disease-free flock?

A pullorum disease-free flock is a flock in which no reactors were detected by

the macroscopic tube agglutination test on two successive tests not less than

six months nor more than a year apart.

74.—Who should be consulted in the purchase of pullorum disease-

free stock? Whoever is in the position to give reliable and official testing in-

formation regarding the flock, aside from the owner. No flock owner should

resent having his statements checked. In Massachusetts, testing information

may be obtained from the local county agent.

75.—Why should buyers check advertisements? Frequently claims in

advertisements are incomplete, misleading, and false. The purchase of stock

should not be based upon the claims in the advertisement without investigation.

76.—Do terms such as "tested stock"; "100 per cent clean"; "state

tested"; "accredited"; "certified" mean freedom from pullorum disease?

Such terms are indefinite and misleading in regard to the pullonun disease stand-

ing of a flock. The terms "tested stock" and "state tested" do not inform the

reader about the particular disease and the results of the test. The term "100

per cent clean" does not state the disease in question. In certain states the term

"accredited" has been given to flocks designated as "certified" in other states.

Considerable confusion has resulted from this. The terms alone do not have

any meaning unless one is familiar with the regulations that define these terms

and the thoroughness of the execution of the regulations. Therefore, one should

Investigate carefully the significance of such indefinite terms.

77.—Who can assist in determining the validity of the advertisement?

In Massachusetts, the county agent is able to assist in checking the validity of

claims in advertisements. In other states, either the control or the testing agency

should be consulted.

78.—Are the tested flocks in Massachusetts classified according to

their pullorum disease status? Flocks that have qualified for certain breeding

and testing requirements are eligible for certification. Flocks are certified for

one year only. Copies of testing results of all tested flocks are submitted to the

certifying agency by the testing laboratory. The certifying agency operates

independently of the testing agency. County agents are provided with testing

summaries of flocks in their local counties.

79.—Where may information concerning certification be obtained?

Inquiries concerning certification should be submitted to the Massachusetts

Department of Agriculture, State House, Boston, Mass.
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80.—How should tested flocks be classified as to their pullorum
disease status? Tested flocks in reality are either infected or pullorum disease-

free. However, in a disease of this nature, it is not always safe to declare a flock

free of the disease when only one negative test has been obtained. Therefore,

t wo successive negative tests not less than six months nor more than a year

apart appear to be a safer index in determining the true status of a flock. Never-

theless, a flock which has passed one negative test should be given more recogni-

tion than a tested flock which has revealed reactors. The latter flock should be

regarded as infected and unsafe for breeding purposes.

81.—Are other measures aside from the agglutination test important

for successful eradication? Yes. The agglutination test is only one step

in an eradication program. Prompt removal of reactors and sanitary and pre-

ventive measures must be observed in establishing and maintaining a pullorum

disease-free flock.

82.—What is necessary for successful eradication? Successful eradica-

tion is based upon the adoption of sound, effective, and uniform methods, prop-

erly and skillfully executed. A sound eradication program for the individual

flock or for the poultry industry as a whole should include measures that will

jirevent the spread of the disease (through various channels as discussed in this

bulletin) and permit effective eradication of the disease. The adoption of such

methods is no more important than their proper execution. Control officials

and poultrymen should not expect to attain their goal in eradication if the meas-

ures are not justly put into practice. Too frequently either delay or failure in

eradication is due to faulty execution of recommended measures. The following

measures should be observed in establishing and maintaining a pullorum disease-

free flock

:

It. All birds on the premi.ses should be tested each year.

/). If infection is present, the entire flock should be retested within

four tu six weeks until a negative report is obtained, provided the vahic

of the birds justifies the expenditure for testing.

c. Every reactor, regardless of its value, should be removed from the

premises and sold for slaughter immediately upon receipt of the report.

d. Offal from all birds dressed for market or home consumj^tion as

well as dead birds that are not fit for consumption should be burned.

e. The poultry houses, runs, and equipment, should be thoroughly

cleaned and disinfected immediately after removal of reactors. Provide

an empty pen to each house to facilitate cleaning and disinfection during

the winter months. Use disinfectants approved by the United States

Department of Agriculture.

/. Birds removed from the premises to egg-laying contests, exhibi-

tions, etc., should be held in quarantine and determined free of disease

before they are re-admitted into the flock.

g. Purchase of stock in the form of adults, chicks, and eggs should be

from known pullorum disease-free flocks.

//. Eggs should not be saved for hatching until after a flock has been

tested and all the infected birds removed. Early pullet testing will permit

early hatching.
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i. Fresh and infertile eggs from unknown or infected sources should
not be fed to chickens or exposed to other animals that may carry or

spread the infection.

j. Poultrymen sliould not custom hatch for untested or infected

flocks.

k. Owners of pullorum disease-free flocks should not have hatching

done where infected eggs or stock may be found.

/. Poultrymen should not buy feed in bags that have been used or

exposed to infection. (Such bags if properly disinfected will be safe for

further use.)

in. Poultrymen should not use equipment that has been exposed to

or contaminated with infective material.

83.—Why are sound, effective, and uniform methods of control and
eradication necessary? Such methods are necessary to create faith and con-

fidence in the eradication results upon which a profitable poultry industry rests.

84.—Can reliable and uniform methods of eradication be instituted

if poultrymen test their own flocks? No. At the present time, no simplified

test has been discovered which can be placed in the hands of poultrymen and
yet give reliable results. I'niformity of technique and interpretation of results

would be sacrificed. The results of a test are no better than the ability and integ-

rity of the person conducting the test.

85.—When should new stock be tested and retained in quarantine
before being admitted into the flock? In respect to pullorum disease, new
stock received from doubtful sources should be retained in quarantine and pass

two negative tests at least four weeks apart before being admitted to the flock.

Frequently poultrymen fail to observe this measure and as a result introduce

infection into their flocks. The purchase of new stock from doubtful sources is

not recommended as a sound practice in poultry husbandry.

86.—Should birds employed for exhibition and contest purposes be

returned to the premises? From the aspect of disease prevention, it is not

advisable to return such birds to the flock. However, if for breeding purposes

their return is really necessary, then they should be retained in quarantine and

pass two negative tests at least four weeks apart before being admitted to the

flock. Poultrymen attach too little significance to the introduction of disease

through this channel.

87.—Are any losses associated with testing due to bleeding and hand-
ling of birds? Very seldom birds die as a result of loss of blood. A decrease in

egg production has been observed in some flocks. However, losses associated

with the collecting of blood samples should be negligible if the flock is healthy

and properly handled.

88.—Why is the flock owner requested to report the conditioti of his

flock prior to the arrival of the blood collector? The flock owner is requested

to report the condition of his flock in order to prevent the unnecessary exposure

of the blood collector to disease outbreak^. P'urthermore, the most important

reason is to prevent the disturbance of diseased flocks, which is beneficial to the

diseased and healthy birds. Delayed notification of the flock condition causes

great inconvenience in routing the blood collector and consequently increases

the cost of testing.
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89.—Is there danger of the blood collectors spreading the disease?

Blood collectors are given instructions designed to prevent the spread of the

disease from plant to plant. The field operations of the blood collector are

checked from time to time by a laboratory representative. Flock owners are

requested to report to the laboratory when blood collectors do not observe pre-

cautions.

90.—What is the resistance of the causative organism to various

environmental conditions.' Investigators have reported that the organism

may remain alive in artificially inoculated soil for approximately fourteen months

and in carcasses for at least thirty days. On dry cloth, retained at room tem-

perature, it has remained alive for at least 26 weeks. In chick feces it remained

ahve for approximately 101 days. When subjected to the ordinary disinfectants,

it is easily destroyed. Its resistance to heating or exposure to sunlight is very

slight.

91.—Can medicines or drugs eradicate puUorum disease.-' No satis-

factory medicine or drug has been found to be effective in eradicating or control-

ling the disease. Elimination of infected birds and proper follow-up measures

must be resorted to in order to establish puUorum disease-free flocks.

92.—Is Massachusetts making progress in eradication of pullorum
disease? In 1919 under the Poultry Disease Law, an organized testing program

was started and since then the following testing results have been obtained.
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By W. D. Whitcomb
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INTRODUCTION
Although careful laboratory experiments (2, 9) have shown that lead arsenate

and other standard stomach poisons are strongly toxic to the plum curculio',

many fruit growers in Massachusetts have been unable to obtain satisfactory

control of this insect on apples by using these insecticides. This condition led

to an investigation of the factors which influence the activity of the plum cur-

culio in the hope of finding a practical index for more accurate timing of spray or

dust applications to combat this pest. Early in the work temperature was found

to play an important part in the problem, and the results of studies with this

factor are reported herein.

SUMMARY OF SEASONAL HISTORY AND HABITS
In order to connect the results of the experiments reported in this bulletin

with the normal activities of the plum curculio, the seasonal history and habits

of this insect are briefly summarized and a pictorial diagram is shown on the

opposite page. A complete discussion of these activities is presented in Massa-

chusetts Agricultural Experiment Station Bulletin 249.

After spending the winter under leaves and brush in the vicinity of the or-

chard, particularly around stone walls, the beetles leave their hibernating quar-

ters with the approach of warm weather. The most adventurous of them appear

about the time the blossom buds show pink, but it is usually a week after the petals

have fallen before the majority of them are found in the trees. About half of

these beetles are males and half are females. The first beetles feed slightly on the

petals of the buds and blossoms but they eat very little until growing fruit is

available. When the fruit is about half an inch in diameter, it provides abundant

food and a suitable place for laying eggs, being most attractive to the beetles

at this stage of development. „
Both feeding punctures and egg punctures are made in the fruit. The former

are small round holes extending into the flesh about one-eighth of an inch,

while egg punctures are distinguished by a characteristic crescent-shaped cut

which partially surrounds the sunken egg and relieves the pressure of the rapidly

growing fruit. Insectary records in Massachusetts show that the beetles make

an average of 118 feeding punctures and that an average of 176 eggs are laid

during their normal life. The larvae or grubs hatch in about a week and imme-

diately tunnel toward the center of the fruit, requiring about 16 days of feeding

to become a full-grown grub. Almost without exception, an infested apple falls

to the ground before the grub has finished feeding, and about a week later the

grub leaves the apple to enter the ground where it forms a small earthen cell two

or three inches below the surface. The insect spends about a month in the soil

where it prepares for the resting period, performs the necessary transformations

^Cono'.rachehts nenuphar Hcrbst. Family Curculionidae. Order Coleoptera.
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of pupal development and toughens its body for the hardships of adult life.

These summer beetles emerge about August 1 and spend the remainder of the

summer in the trees feeding moderately on the maturing fruit. With the approach

of cold weather they seek shelter in which to pass the winter.

METHODS AND EQUIPMENT

All studies of the life history, seasonal history, and habits of the curculio

under normal conditions were made in a screened open-air insectary measuring

15 X 25 feet. For most of the work, the insects were confined in glass battery

jars 8 inches high and 6 inches in diameter, having 23^ inches of moist sand in

the bottom. Glass vials imbedded in the sand supplied water to keep the fruit

from wilting during the experiments. Observations were made daily. Records

of temperature and relative humidity were secured from a hygrothermograph

enclosed in a standard Weather Bureau kiosk. Plum curculios used in the

studies were reared in the insectary or collected from infested apple trees early

in the season by jarring the adult beetles onto cloth-covered frames. Beetles

not under observation were held dormant in an ice che.st maintained at 45° F.

In 1931, three constant-temperature cabinets became available. These cab-

inets are 36 x 36 inches square and 60 inches high, having a frame of oak and

being enclosed on all sides by two panes of plate glass with an air space of 13^

inches between the panes. On one side is a door having a pressure slide latch.

Refrigeration is supplied from two cooling coils suspended from the top of the

cabinets, through which methyl chloride is forced by an electric motor-driven

compressor. Heat is supplied at the bottom of the cabinet by a 24-inch electric

strip heater which is connected with a small electric fan at the top providing

circulation whenever the heater operates. Each temperature unit is connected

with a mercury thermostat which insures automatic control. A constant tem-

perature within 30 degrees of the outside temperature is guaranteed, and it has

been operated successfully between 30 ° and 80 ° F. The usual variation from the

desired temperature is about 3° F., since the mechanical equipment allows a

deficiency of about 13^° F. above and below the set temperature before the con-

trols operate. These cabinets were operated in a greenhouse entry having a

cement floor and good ventilation. The glass roof was heavily whitewashed, and

splitwood curtains provided additional shade from bright sun. No control of

humidity was maintained in these cabinets, but frequent readings on psychro-

metric equipment showed 65 to 85 per cent relative humidity. In these experi-

ments constant temperatures were maintained at 55°, 65° and 75° F., while a

fourth constant of 85° F. was obtained in a 110-volt, 150-watt electric incubator

having a glass door.

In these cabinets the beetles were confined in battery jars as in the insectary

studies.

The spray solutions were applied to the apples in the laboratory through a

mist nozzle delivering 12 gallons per hour under 30 pounds air pressure. The

apparatus was similar to that used by Miller (5) in Ohio, except that the air

pressure was supplied through an auxiliary pipe from a large compressor which

was in operation in the building. With this equipment the amount of spray

delivered was constant for any unit of time. The apples were thoroughly wet

without dripping, and this usually required two complete turns with a separate

wetting of the blossom and stem end. A supply of apples for a week was sprayed

at one time and the stems of these apples were placed in water in a refrigerator

until they were used.
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REACTION OF FRUIT INSECTS TO TEMPERATURE
Studies of the relation of temperature to the development and activity of

insects have been reported by several investigators, and among fruit insects the

codling moth has received particular attention of this nature. It is well known
that the female codling moth will lay few if any eggs when the temperature is

below 60° F., while Glenn (3) and Shelford (7) have completed a long series of

experiments showing the number of accumulated "hour degrees" above a certain

"threshold temperature" that are necessary for the completion of each biological

development in the codling moth. With these data they are able to predict in

advance with considerable accuracy the reactions which climatic conditions will

exert on the insect in the orchard. Later, Peterson and Haeussler (6) found that

the oriental peach moth had temperature requirements similar to those reported

for the codling moth by Glenn (3). The reactions of the plum curculio at con-

trolled temperatures are not known to have been reported previously.

EFFECT OF TEMPERATURE ON THE PLUM CURCULIO
Development of Immature Stages

When confined at 55' F., all eggs, larvae, and pupae which were under obser-

vation failed to develop. Death appeared to be due to an excessive retardation

of biologic development rather than to any sudden shock from low temperature.

The eggs were observed in their natural location in punctures in small apples,

and it was usually two or three times the normal incubation period before the

egg collapsed and it could be definitely determined that it would not hatch.

Mature larvae in soil began pupation but died before the distinguishing pupal

characters developed.

At 65° F., development was completed, but the incubation of the egg and
the period spent in the soil as mature larva, pupa, and adult were considerably

longer than under normal outdoor conditions. The feeding period of the larva

in the apple was about normal though slightly shorter than under outdoor con-

ditions, and it appears that this stage of the insect is practically immune to

reasonable variations in air temperature, or that the green apple provides good

insulation.

At 75° F., development was considerably more rapid than normal in all stages

except the feeding period of the larvae in the apple. The greatest increase in

rapidity of development occurred between 65° and 75° F., and 75° F. appears

to be very near the optimum temperature for the development of the plum
curculio. The change at 85 ° F. was so slight as to be insignificant and there was

a slight retardation in the larval feeding period at the higher temperatures.

A summary of this development is presented in Table I.

Table I. Development of Immature Stages of Plum Curculio at Constant
Temperatures. Waltham, Mass., 1931

Average Number of D.\ys Required For:
Temperature

Incubation Feeding of Development of

of Egg Larva Larva, Pupa, and

Adult in S->il

55° F. Development not completed
65° F 11 13.75 37.75

75° F 3.8 13.87 22.50

85° F 3.08 15.00 21.85

Normal outdoor* 7.1 16.09 30.54

Average of insectary records for three years.
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Figure 2. -Number of Punctures Made In Apples by Twenty Plum CurcuHos when
Confined at Low, Normal, and High Temperatures.

Waltham, Mass., 1930
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Activity of Beetles

Preliminary Experiments in 1930

The first experiments relating to the effect of temperature on the activity of

the plum curculio were made in a root cellar, a greenhouse, and an open-air

insectary. The temperature in the root cellar was always below 70 ° F. and repre-

sented moderately cool conditions, while that in the greenhouse was always above
70° F., reaching over 100° F. on warm, sunny days, and represented warm
conditions. Records of the activity of 20 beetles were made daily from May 19

to June 18 which was the period of greatest normal activity. In the root cellar,

each beetle made an average of 31.45 punctures; in the insectary, 59.55; and in

the greenhouse, 99.55. As shown in Table 2, the total number of punctures at

normal outdoor temperatures was approximately twice as many as under cool

conditions, and one-half as many as at high temperatures. Figure 2 shows the

daily fluctuation in activity which is in direct relation to the outside temperature,

and this is reflected in the records for both the greenhouse and root cellar where

the temperature was only partially controlled.

Table 2.

—

Activity of Twenty Plum Curculio Beetles Each at Low, Normal,
AND High Temperatures. Waltham, Mass., May 19 to June 18, 1930

Location
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per cage for each higher temperature group. Each cage contained 20 curcuhos

and the records were taken during the height of the curcuho activity in each

season, both egg punctures and feeding punctures being recorded. Observations

have indicated that the beetles are equally active when a maximum temperature

of 80° F. follows a minimum of 40° F. and when it follows a minimum of 50° F.,

and it appears that maximum daily temperatures are as satisfactory as mean
daily temperatures for comparing thermotropic activity of adult plum curculios.

Table 3.

—

Activity* of Plum Curculio Beetles Grouped According to Max-
imum Daily Temperature. Waltham, Mass., 1927-1930

Maximum
Temperature
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food, or they may swallow it after it has stuck to their mouth parts while they are

crawling over the fruit and foliage in search of a suitable place to feed. When
feeding is greatly reduced, as it is by low temperatures, the small amount of

arsenic obtained may act as a temporary stimulant rather than a toxin, and the

result is not fatal until an accumulative poisoning is built up by continued small

doses. At a constant temperature of 55° F., several beetles lived from 25 to 27

days with only poisoned fruit for food, while at 75° F. the maximum number of

days that beetles lived on similar poisoned fruit was 7 to 10 days.

When high temperatures stimulate feeding and egg laying so that the beetles

make several punctures per day, the greater amount of poison obtained from

these several punctures causes death in a proportionately shorter time. In one

experiment 10 beetles at 55° F. lived 10.6 days and made an average of 4.1 punc-

tures each during their life; while another group at 65° F. averaged 4.2 punctures

each but lived only 5.4 days because the punctures were made in a shorter period

of time, and a much greater amount of poison was obtained before the natural

resistance of the insect could overcome the toxic effect produced.

LABOR.\TORY EXPERIMENTS WITH PLUM CURGULIO BEETLES
FEEDING ON POISONED FRUIT AT CONTROLLED TEMPERATURES

Lead Arsenate at Different Concentrations

A summary of the records from 2 cages of 10 beetles each, confined in the

constant temperature cabinets with fruit sprayed with lead arsenate showed

that the average number of days which the beetles lived decreased consistently

with each increase of 10 degrees in temperature from 55 ° F. to 85 ° F. The great-

est decrease in length of life was between 55 ° F. and 65 ° F. Table 5 also shows

that the average number of days which the beetles lived decreased consistently

with the increase in concentration of lead arsenate from 3 pounds to 5 pounds

in 100 gallons of water. However, the decrease in length of life in favor of 5

pounds of lead arsenate compared to that where 4 pounds was used is so little

that it is doubtful if the slightly better control is worth the cost of an additional

pound of poison. When lead arsenate was increased to 6 pounds in 100 gallons

of water, the length of life of the beetles increased at three of the four tempera-

tures over that when 5 pounds of lead arsenate in 100 gallons of water were used.

This may indicate that concentrations of lead arsenate greater than 5 pounds in

100 gallons became repellent to the plum curculio, and they may live longer when
feeding on fruit sprayed with 6 pounds of lead arsenate in 100 gallons of water,

because they do not feed on such fruit as quickly or as readily. Similar action

has been reported by Stellwaag (8) in Germany who found materials with 15

per cent arsenate more repellent and consequently less effective against silk-

worms than those containing 10 per cent of this poison, and bj' Crumb (1) who
states that in experiments with poisoned bran baits, "a dosage of 1 pound of

Paris Green to 24 pounds of bran is rather repellent to cutworms, while a bait

with half this concentration of poison is scarcely at all repellent."

Lead Arsenate Plus Other Materials

With 4 pounds of lead arsenate and 1 pint of fish oil in 100 gallons of spraj-,

the average life of the beetles was only slightly less than where fish oil was not

used, indicating that the fish oil has little, if any, repellent or inserticidal action

against the plum curculio. However, fish oil is an excellent agent for spreading

and sticking the lead arsenate in an even film over the fruit and for preventing

the poison from weathering and washing off too rapidly.
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Table 5.

Insecticide

-Average Life of Plum Curculio Beetles Feeding on Poisoned

Fruit. Waltham, Mass., 1931

Average Number of Days Alive

At 55° F.
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when its adhesiveness is aided by a spreader or sticker, would persist in its max-
imum efficiency for several days, but experiments (4) have shown that the sur-

face area of the apple increases 6 per cent or more per day during this period of

growth, with a proportionate increase in the unprotected area of fruit. It is,

therefore, possible for about one-third of the surface of the apple to be free from

poison 5 days after spraying, and the curculio beetles are quick to take advantage

of these unpoisoned areas on the young fruit. The physical force of the spray

when applied causes the curculio beetles to fall from the tree as is their habit

when disturbed in any way, and apparently it is more difficult for them to find

an unpoisoned area on the apple when they return to a recently sprayed tree.

Where there may be some delay in treating the complete orchard, it is advis-

able to spray first that part of it which is adjacent to woods, stone walls and

brush, or other suitable winter cover where the beetles will congregate first. It

is also advisable during periods of maximum activity to spray first those varieties

which are most susceptible to curculio injury. Previous experiments (9) have

shown that apple varieties which bloom earliest and grow most rapidly imme-

diately after petal fall are the first to provide suitable locations for feeding and

Figure 3.—Occurrence of Overwintering Plum Curculios in the Trees in

Relation to Maximum Daily Temperature.
Waltham, Mass., 1931

2^0
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depositing eggs, and, therefore, are subjected to curculio attack earlier and over

a longer period. In Massachusetts, Duchess, Gravenstein, and Baldwin are

very susceptible, while Mcintosh is the least susceptible of the common com-

mercial varieties.

Appearance of Hibernating Curculios in the Trees

High temperatures which stimulate feeding and oviposition by the curculio

beetles also hasten the rapidity with which they leave their winter cover and

congregate in the trees.

In seasons such as 1931 (Figure 3) when a period of warm weather comes

soon after the petal-fall stage, the greatest population of curculios in the trees,

as well as the greatest activity of the beetles, occurred in the same period, mak-

ing the prompt application of control measures doubly imperative. It may hap-

pen, however, that moderately high temperatures have caused a large number

of beetles to enter the trees without inducing excessive activity or injury to the

fruit, and this condition is followed by a period of cool weather with the maxi-

mum temperatures usually below 60° F., which greatly decreases the acti\ity of

the beetles. In this case the presence of the beetles in the trees is relatively

unimportant, except that the control treatments must be applied promptly with

the approach of maximum temperatures above 75° F. Such a condition was

approached in 1930 as indicated in Figure 4.

Figure 4.—Relation of Maximum Daily Temperatures to the Activity of the

Beetles During the Critical Period for Control of the Plum Curculio.

Waltham, Mass., 19.?0
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Average maximum daily temperature in insectary.

Climatic Conditions Influencing Control in 1930

In 1930, the climatic conditions immediately following the petal fall of apples

represented well defined extremes, as sho''Arn in Figure 4. The calj^x spray was

applied from May 17 to 19, and was followed by two days of cool weather. On
May 22, the ma.ximum temperature jumped to 81° F., and reached 74° F. on
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the following day. There was some curculio activity. This was followed by eight

days of cool, rainy weather with maximum temperatures below 70° F., which

reduced curculio activity to a minimum. The warm weather of May 22 and 23

promised to be the beginning of a period of great curculio activity, but the dura-

tion of the high temperatures was so short that comparatively little feeding took

place in the orchard. On June 1 the maximum temperature was 75° F., and it

continued above 80° F. for seven days, with a maximum of 94° F. on June 5.

The majority of the curculio activity took place in that period. Because of the

long period of unfavorable weather preceding, the majority of the fruit growers

sprayed during the early part of the warm period from June 1 to 8, and the best

control of this pest in recent years was obtained.

Figure 4 also shows that the critical period in curculio activity, in respect to

high temperature, did not occur in 1930 until June 1 to 8, 12 to 14 days after the

calyx application. Although there was little curculio activity during the cool

weather from May 19 to June 1, there was a gradual accumulation of curculios

in the trees and these were stimulated to considerable activity by the first high

temperatiu"es. Therefore, the dividing line between timely control treatments

and late treatments was June 2.

Orchard Control in Relation to Time of Application

The practical application of these temperature studies is evident in an analy-

sis of the records of blemishes on harvested fruit taken by Mr. Fred E. Cole of

the Worcester County Extension Service, and Mr. John C. Handy of the Middle-

sex County Extension Service, in connection w^ith their County Fruit Pest

Survey, and the State 90 Per Cent Clean Apple Club Project. These orchards

had a crop of at least 300 bushels of one variety, and the spray was carefully

applied from a commerical standpoint. The materials used were approximately

the same in each case, and with few theoretical exceptions the difference in con-

trol is due to the time of application.

Worcester County, 1930

In 1930, the Worcester County records for 29 orchards show that 11 per cent

better control of the plum curculio on Mcintosh apples, and 14 per cent better

control on Baldwin apples, were obtained bj^ spraying from May 28 to June 2,

than when the spray application was made later. No sprays were applied on

May 30 and 31 because of unfavorable weather, and these dates are omitted in

Table 7.

Table 7.

—

Percentage of Harvested Apples Injured by Plum Curculio.

Worcester County, Mass., 1930

Time of Application

Infestation, Per Cent
\ anety
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from May 26 to June 1. ^'ery few curculios were in the trees before this time (Fig-

ure 3), and the dividing hne between eiTective and late control treatments was

May 28, as is indicated by the double line in Figure 5.

Figure 5.—Relation of Maximum Daily Temperatures to the Activity of the

Beetles During the Critical Period for Control of the Plum CurcuHo.
Waltham, Mass., 1931

?i 24 25 26 i7 2^29 3 0^1 (234
MAY JUNE

Average number of punctures per day by 10 beetles in insectary.

Average maximum daily temperature in insectary.

Worcester County, 1931

The 1931 records from 38 orchards in Worcester County showed 20 per cent

better control in Baldwin orchards and 14 per cent better control in Mcintosh

orchards where the application was made on May 26, 27 or 28 than where the

sprays were applied after this date. It is interesting to note that with both vari-

eties of fruit the minimum infestation in orchards receiving a late application is

greater than the maximum infestation where a timely application was made.

Table 8.

—

Percentage of Harvested Fruit Injured by Plum Curculio.

Worcester County, Mass., 1931

Time of Application

Infestation, Per Cent
Variety Number of

Orchards Maximum Minimum Average

May 26, 27, 28

May 29 to June 6

/ Baldwin

(Mcintosh

Baldwin

Mcintosh

6
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Table 9.

—

Percentage of Harvested Fruit Injured by Plum Curculio.

Middlesex Countv, 1931

Time of Application
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RECOMMENDATIONS

In many states the recommendations for combating the plum curcuho on

apples with insecticides are to spray or dust from 7 to 10 days after the petal-fall

stage, and in many seasons applications at this time are timely. However, the

experiments reported herein, together with observations during the past six

years, indicate that the stimulation in activity by high maximum temperature

is an important factor in determining the most timely application of insecticides.

Therefore the recommendations for combating the plum curculio on apples

in Massachusetts are:

After the blossom petals have fallen, apply a special spray or dust in

the first period of warm weather when the maximum temperature
reaches 75° F. or higher and such temperatures promise to continue for

2 or more successive days. Use 4 or 5 pounds of lead arsenate in 100 gal-

lons of spray, preferably with the addition of 1 pint of fish oil or linseed

oil as a spreader and sticker. Except in severe infestations, 85-15 sulfur-

lead arsenate dust can be substituted for the spray. When there are

two distinct periods of high temperature within 15 days after the proper
time for the calyx spray, apply a spray or dust in each period, using the
same materials, and determining the time of application by the same
temperature requirements as before. On scab susceptible varieties, or

where the addition of a fungicide is desirable for any reason, liquid lime-
sulfur or a similar material can be added to the spray without danger
of greatly decreasing the efficiency of the mixture for combating the
plum curculio.

SUMMARY
Studies of the plum curculio at controlled temperatures of 55°, 65°, 75°

and 85 °F. indicated that 75° F. is very near the optimum temperature for the

development of the immature stages and the activity of the adults of this insect.

At 55° F. development of the immature stages was not completed, and at

85 ° F. development was practically the same as at 75 ° F.

Adults feed little and lay few eggs at 55° F., but make an average of 6.675

punctures per beetle per clay when confined at 75 ° F. during the height of their

activity.

The number of days which plum curculio beetles lived when feeding on poi-

soned fruit decreased with each increase of 10 degrees in temperature from 55°

to 85° F., and each increase in the concentration of lead arsenate from 3 to 4

to 5 pounds in 100 gallons of water.

Lead arsenate at the rate of 6 pounds in 100 gallons of water is apparently

repellent to the plum curculio.

Five pounds in 100 gallons of water appears to be the most effective concen-

tration of lead arsenate although its advantage over 4 pounds in 100 gallons is

small.

The addition of fish oil to lead arsenate results in a slight increase in effective-

ness, and its use is recommended especially to aid the sticking and spreading

of the spray to the fruit and foliage.

The addition of lime-sulfur and chemical hydrated lime to lead arsenate-fish

oil does not decrease the effectiveness of the combination at high temperatures.

The variable temperature in Massachusetts has a noticeable influence on the

activity of the plum curculio, and spray applications should be timed according

to the temperature. (See Reconunendations.)
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Thp critical period in the control of the plum rurculio in apples in Massa-
chusetts occurs during the first warm weather after the blossom petals have
fallen when the maximum temperature remains above 75° F. for two or more
days.

High temperatures about the time when apple trees are in bloom cause the

plum curculio beetles to enter the trees in large numbers.

In 1930, the critical period for control occurred from June 1 to 5, 12 to 14

daj's after the caly.x spray was applied, and records from 29 orchards in Worcester

County showed 11 per cent better control on Mcintosh and 14 per cent better

control on Baldwin where sprays were applied just before or during the early

part of the critical period.

In 1931, the critical period occurred from May 26 to June 1, 4 to 6 days after

the caly.x application. In Worcester County, timely sprays during the early

part of the critical period gave 20 per cent better control on Baldwins and 14

per cent on Mcintosh than later applications. Similar results were secured in

30 orchards in Middlesex County.

In 1931, a timely application of 85-15 sulfur-lead arsenate dust controlled

the plum curculio in Gravenstein apples almost as well as a spray of lead arsenate

and fish oil, the difference in favor of the spray being 0.89 per cent.
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Intensity or rate of laying is one of the very important inherited

characters affecting annual egg production in poultry. Various methods
have been used for measuring intensity, and there is an increasing need
for more information concerning the relative merits of the different

measures as well as for definite data concerning the relation of intensity

to other traits affecting fecundity. Interrelations between the rate of

laying in three different seasons and the relative values of six short-time

measures of intensity are considered in this report.
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TYPES OF INTENSITY IN RHODE ISLAND REDS

By F. A. Hays, Research Professor of Poultry Husbandry, and
Ruby Sanborn, Research Assistant in Poultry Husbandry

INTRODUCTION

Intensity or rate of laying is recognized as of vital importance in breeding

for high fecundity. Various methods have been used for measuring intensity,

and there is an increasing need for more information concerning the relative

merits of the different measures as well as for definite data concerning the rela-

tion of intensity to other traits affecting fecundity.

Hurst (1921) measured intensity on a percentage basis during three periods

into which he divided the pullet laying year. He called the period from first

pullet egg to March first, the winter period; that from March first to July first,

the spring period; and that from July first to the end of the laying year, the au-

tumn period. By dividing the number of eggs laid in a period by the days mak-
ing up the period, he obtained the intensity on a percentage basis. He states

that the annual egg record depends upon high intensity during these three

periods, and places the dividing line between genetic high and low intensity at

30 per cent. This worker does not report upon the relative importance of the

three periods or upon their possible relation to each other.

Di-yden (1921) used the two highest months in the pullet year as a measure

of intensity. He found it possible to increase annual production by selection on

this basis.

Goodale and Sanborn (1922) offer as measures of intensity the egg records of

individual months, the production in the initial cycle, and the production during

the inter-broody periods. No attempt is made, however, to discover their rela-

tive importance. Harris and Goodale (1922) studied the correlation between

individual monthly production and production for the remainder of the j'ear in

Rhode Island Reds. Their data indicate that production during January shows

the most intimate correlation.

Hays and Sanborn (1927) report the correlation between four measures of

intensity and annual egg production. These data show the following values for

r: first 60 days vs. remainder of the year, +.3082 + .0121; mean winter clutch

size vs. annual record, +.3544 + .0117; net winter rate vs. annual record, +.4769

±.0104; and annual rate vs. annual record, +.7106 + .0066. These wTiters con-

clude that mean winter clutch size is the most specific measure of intensity con-

sidered.

This report is concerned with clutch size in periods throughout the year as

a measure of intensity. Data are presented to show the correlation between

mean winter and mean spring clutch size, between mean winter and mean sum-

mer clutch size, and between mean spring and mean summer clutch size. The re-

lation of clutch size during these three periods to four heritable characteristics

affecting fecundity is shown by means of the coefficient of correlation. The n.ean

clutch size during the individual months of March, April and May is also showTi

in relation to the four heritable traits. Finally, the correlations between mean
clutch size during six intervals of time and annual production are presented.
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Character of Birds Used

All Rhode Island Red pullets hatched during the five hatching seasons of

1925 to 1929 are included in these studies if their egg records appeared to be

normal. These birds were carried in a number of different projects as follows:

non-broody, high fecundity, egg size, variability in production, and intensity in

relation to feather pigmentation. The number of individual birds concerned

is 1695, except for those reported in Technical Bulletin 11, where the number is

2560 in studies concerned with mean winter clutch size.

In calculating the correlations, the entire range in age at first egg is included,

only individuals exhibiting a pause of four days or more are included in the

pause population, only individuals going broody during the pullet year are used

in the broody studies, and the entire range is included in the persistency studies.

All regressions are tested for linearity by Blakeman's (1905) test. Pearson's

(1911) correction for the correlation ratio did not significantly alter the size of

this constant in these data and is therefore not used.

A. INTERRELATIONS BETWEEN CLUTCH SIZE

Whether or not the appearance of high intensity in a bird during a particular

period is a good criterion that such a bird is likely to be an intense layer in other

periods of the year may be shown best by means of the coefficient of correlation.

Consideration will be given to the following relations: Correlation between

winter and spring clutch, correlation between winter and summer clutch and

correlation between spring and summer clutch.

1. Correlation Between Winter and Spring Clutch Size.

The mean winter clutch is obtained by dividing the number of eggs from

first pullet egg to the end of February by the number of clutches represented.

Mean spring clutch is calculated by dividing the total eggs laid during March,

April and May by the number of clutches concerned. Class intervals of one

were used, and the mean winter clutch size of each individual was paired against

her mean spring clutch. This was done for 1695 individuals to obtain the follow-

ing constants:

Number of birds 1695

Mean winter clutch 3.35

Winter clutch standard deviation ± 1.60

Mean spring clutch 4.07

Spring clutch standard deviation ±2.21

Coefficient of correlation -f.3854.+0139
Correlation ratio .4171

The above constants show that although the mean spring clutch size was

greater than the mean winter clutch size, the standard deviation for spring clutch

shows it to be more variable than winter clutch. This fact may be genetically

significant since the spring season is the normal period of laying in unimproved

stock.

The regression of spring clutch size vs. winter clutch size is not strictly

linear as shown by Blakeman's test. The correlation ratio, therefore, expresses

the true relation and amoimts to .4171. Using the squared value of the correla-

tion ratio as a criterion of relationship as Ezekicl (1929) has suggested for the
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correlation coefficient, the value .1740 appears. The interpretation is that aliout

17 per cent of the variability in spring clutch size may be accounted for as due

to variability in winter clutch size. Such an association is certainly genetically

significant though not very intimate.

2. Correlation Between Whiter and Summer Clutch Size.

Mean summer clutch size represents the constant obtained by dividing the

number of eggs laid from June first to the end of the 365-day laying year by the

number of clutches involved. Records are available on 1682 birds, and winter

clutch was paired against summer clutch for each bird with class intervals of

one. The calculations show the following constants:

Number of birds 1682

Mean winter clutch 3.35

Winter clutch standard deviation ±1.60

Mean summer clutch 3.04

Summer clutch standard deviation ±1.60

Coefficient of correlation +.2829±.0151

Correlation ratio .3091

Mean clutch size during the winter months is somewhat greater than during

summer. The variability in summer clutch size is also greater than for winter

clutch size. The lesser variability in size of clutch during winter shows that the

flock is more uniform in winter than in summer production.

Regression of summer clutch size on winter clutch size is not strictly linear

by Blakeman's test. The correlation ratio is therefore used to measure the

association. The constant +.3091 expresses a less intimate association between

winter clutch size and summer clutch size than was observed between winter

clutch and spring clutch with a constant +.4171. The squared value of .3091

is .0955 showing that about 10 per cent of the variance in summer clutch size

may be associated with variance in winter clutch. Winter clutch size may be

said to have a value for selection purposes of about 10 per cent as affecting sum-

mer clutch size.

3. Correlation Between Spring and Summer Clutch Size.

The spring period of March, April and May is the normal laying period for

the imimproved domestic hen. Flocks bred for high fecundity differ greatly

from unimproved flocks in the distribution of egg laying during the pullet year.

For example, the Massachusetts Agricultural Experiment Station flock hatched

in 1913 laid about 29 per cent of the yearly average by the end of February.

The flock hatched in 1930 averaged to lay about 36 per cent of its eggs before

March first. Moreover, the actual mean length of the productive year has in-

creased from about 240 days to 340 days. These changes have reduced the pro-

portion of total eggs laid during the spring season and this section is chiefly

concerned with possible inter-relations of intensity, between the spring and

summer periods.

The coefficient of correlation between mean spring clutch and mean summer

clutch was calculated on 1682 birds to discover if there is a significant associa-

tion. The constants are presented below:
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Number of birds 1682

Mean spring clutch 4.08

Spring clutch standard deviation +2.21

Mean summer clutch 3.04

Summer clutch standard deviation ±1.60

Coefficient of correlation +.4593 + .0130

Summer clutch shows the same coefficient of variation as spring clutch

—

about 53 per cent, compared with about 48 per cent for winter clutch. The fact

should be observed, however, that the actual range in clutch size is ±1.60 both

during the winter and summer periods and ±2.21 during the spring season.

Regression of summer clutch size on spring clutch size is linear by Blakeman's

test. The magnitude of the correlation coefficient is greater than those shown

in sections 1 and 2. Squaring r, the value .2110 appears which means that 21

per cent of the variance in summer clutch size is associated with variance in spring

clutch size.

The data in sections 1, 2 and 3 on the inter-relationships of clutch size during

the winter, spring and sunnner periods show significant correlations, yet the

correlation is in no case sufficiently intimate to justify the use of clutch size in

any one period as an accurate measure of intensity for the year. Hurst (1921

loc. cit.) made use of intensity throughout the year in his study of the genetics

of egg production, and Hays and Sanborn (1927, loc. cit.) state that annual

intensity should be adequately stressed in breeding for fecundity.

B. SHORT-TIME MEASURES OF INTENSITY IN RELATION TO
FECUNDITY TRAITS

Table 1 is presented to set forth the correlation between six short-time

measures of intensity and four characteristics affecting annual egg production

and the correlation between each measure and annual egg record.

Winter Clutch Size

The coefficient of correlation between mean winter clutch and age at first

egg is -.2273 ± .0103. Regression of winter clutch size on age at first egg is strictly

non-linear according to Blakeman's test. Therefore, the correlation ratio of

.7475 expresses the true relation between these two characters. Squaring the

constant .7475 gives .5588 which indicates that about 56 per cent of the variance

in winter clutch size is due to variance in age at sexual maturity. In other words,

the data show that early sexual maturity is intimately associated with large win-

ter clutch size.

Winter clutch size shows a non-linear relation to length of winter pause.

The correlation ratio shows, however, that the two are actually correlated. The

constant is .1297 indicating by its squared value of .0168 that about 2 per cent

of the variability in winter clutch size is due to variability in pause duration.

The degree of broodiness measured by the number of days spent without

production while broody during the pullet year is associated with large winter

clutch size. There is a positive correlation constant of .2205 ±.0186. The re-

gression is non-linear and the correlation ratio is .2548. Hays and Sanborn (1927

loc. cit.) have already shown that the mean winter clutch size is greater in broody

than in non-broody birds.
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Persistency is associated with winter clutch size in a positive manner and

regression is not hnear. The coefficient of correlation is +.1692 + .0130 and the

correhition ratio is .1927. The latter constant squared gives .0371 as the amount

of variance in persistency associated with variance in winter clutch size.

Spring Clutch Size

Since the spring season of March, April and May may be considered the nor-

mal laying period in the Temperate Zone, it is important to discover if the in-

tensity of laying at this time is associated with any of the four other characters

affecting egg yield.

Table 1 shows that the correlation between age at first egg and mean spring

clutch is negligible. In other words, the age at which the pullet begins to lay

shows no relation to her spring intensity. The relation is linear, however.

The regression of spring clutch size on winter pause duration is distinctly

non-linear by Blakeman's test. The correlation ratio shows that there is a posi-

tive relation amounting to .3596. Using the squared value of .3596 the constant

.1293 is obtained, showing the percentage of associated variability between

length of winter pause and size of spring clutch in 1156 birds with winter pause.

This association between duration of pause and subsequent rate of laying is

considered later in this report in connection with total days broody and summer

rate of laying.

Total days broody during the pullet laying year is independent of spring clutch

size in Table 1. This appears in contrast to the significant positive correlation

between total days broody and mean winter clutch, already considered.

Table 1 shows a linear correlation between spring clutch and persistency of

+.1539 ±.0160. This supplements the observation reported by Hays and San-

born (1926) that intense winter layers are more likely to be persistent layers.

Mean spring clutch size is independent of age at se.xual maturity. The rela-

tion of spring clutch size to winter pause duration is fairly intimate though non-

linear. The degree of broodiness measured by non-productive broody periods is

independent of spring clutch size. The regression of persistency on spring clutch

size is linear and of some significance.

March Clutch Size

The usefulness of a short-time measure of intensity is clearly evident provided

such a measure accurately depicts the intensity for a long period. Mean clutch

size during March may be considered as a possibility.

Table 1 shows no correlation between March clutch size and age at first egg,

duration of winter pause, total days broody in the broody population or annual

persistency. Clearly the rate of laying in March is independent of the four

inherited characters just mentioned. The regression of March clutch size on the

four above-mentioned characters is strictly linear by Blakeman's test.

April Clutch Size

The correlation coefficient indicates complete independence between mean
clutch size during the month of April and age at first egg, duration of winter

pause and total days broody. The regression is strictly linear in all cases.

The correlation between April clutch size and annual persistency is of low

degree and the regression is linear. The amount of variance in April clutch size
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associated with variance in persistency is only .0133 and is far too small to be

of significance. These data, therefore, point to no association between the four

inherited traits considered and April clutch size.

May Clutch Size

Table 1 shows no significant correlation between May clutch size and the

three inherited characters, age at first egg, winter pause duration and total days

broody. The correlation coefficient of +.1122 + .0163 between May clutch size

and persistency is of very small magnitude and of little significance. Blakeman's

test shows that the relation between May clutch size and the four inherited traits

is linear. The general statement seems justified; that clutch size during the three

spring months is practically independent of the four inherited characters con-

sidered essential to high annual egg production.

Summer Clutch Size

The period from June first to the end of the 365-day laying year is often a

period of low production in improved flocks. During this time mortality is

likely to be high, many birds may stop laying because of broodiness, others lay

at a low rate and still others do not persist in laying to the end of their j^ear.

Information regarding the possible relation of clutch size at this season to in-

herited fecundity traits should be of considerable value.

Table 1 indicates by means of the insignificant value of r, that age at first

egg and summer clutch size are independent. The same relation has already

been indicated between age at first egg and spring clutch in contrast to a signi-

ficant value of -.7475 between age at first egg and winter clutch size.

There is a small non-linear correlation between duration of winter pause and

summer clutch size. The value of the constant is +.1678 indicating to a small

degree the tendency for a long winter pause to enable the bird to lay at a slightly

higher rate in summer.

Regression of days broody on size of summer clutch is non-linear and positive.

The correlation ratio .3531 gives the true relation. This value is of considerable

significance and indicates that the inter-broody periods tend to be periods of

heavy laying. This agrees with the previous observation that winter pause dura-

tion is correlated with size of spring clutch. These data indicate that a period of

non-production is likely to be followed by large clutches.

Persistency does not show a linear regression on summer clutch size. Using

the correlation ratio to express the correlation, the positive value .2078 is ob-

tained. Such a constant shows that intense layers tend to a small degree to be

persistent layers.

In general, the study of the relations of six short-time measures of intensity

to inherited characters affecting fecundity shows the following significant corre-

lations: Winter clutch and early se.xual maturity, spring clutch and duration of

winter pause, summer clutch and duration of winter pause, winter clutch and

days broody, summer clutch and days broodj'', winter clutch and persistency,

spring clutch and persistency and summer clutch and persistency.
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C. SHORT-TIME MEASURES OF INTENSITY IN RELATION TO
ANNUAL EGG PRODUCTION

Table 1 also includes the correlation coefficients showing the relation between

six measures of intensity and annual egg records.

The regression of annual egg production on winter clutch size is distinctly

non-linear by Blakeman's test. The correlation ratio with a value of .4214

supplies a true measure of association. The magnitude of this constant squared

is .1776 showing that 18 per cent of the variance in annual production is due

to variance in winter intensity. For selection purposes, winter clutch size does

furnish a significant criterion of annual egg record.

Annual production does not show linear regression on spring clutch by Blake-

man's test. Therefore, the correlation ratio of .5024 with a positive sign expresses

the true relationship. By squaring this constant .2524 is obtained to ex-press the

amount of variance in annual production that may be attributed to variance in

spring clutch. Spring clutch size has, therefore, a high value in selecting for

intensity.

The three months: March, April and May, making up the spring season all

show non-hnear regression of production on clutch size. In these data, April

clutch size appears to be the most significant with a correlation of .3975, followed

by May with .3498 and March with .3023. No single month in the spring season

appears to give as good a measure of intensity as the combined three months.

Regression of annual production on summer clutch size is non-linear and the

correlation ratio is .4238. This constant squared gives .1796 as the part of the

variance in annual record associated with variance in summer clutch. This

constant indicates that summer clutch size is of somewhat less importance than

spring clutch size for the flock studied in so far as annual egg records are concerned.

There is a possibiHty that spring clutch size has been reduced by the methods of

selecting for high winter intensity and for greater persistency.

In a general sense, no one of the six short-time measures of intensity may be

considered as an accurate criterion of the clutch size for the year. For the flock

studied, spring clutch size is the best short-time measure. These data suggest

that eight distinct types of intensity may occur:

Winter Spring Summer

High High High
High High Low
High Low High
Low High High
High Low Low
Low Low High
Low High Low
Low Low Low

Section A shows that high spring and high summer intensity are more likely

to occur together than high winter and high spring or high winter and high sum-
mer. The same section also presents a significant correlation for intensity be-

tween any two of these seasons. In selecting breeders for maximum intensity,

therefore, the clutch size throughout the first laying year offers the only rehable

guide.
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PRACTICAL APPLICATIONS

In breeding a flock for high intensity, the starting point is the selection as

breeders of those females laying in large clutches in March, April and May.
The next step is the selection of breeders with large spring clutch size and in

addition winter clutch size of not under three eggs. Because of the intimate cor-

relation between early sexual marturity and large winter clutch, it is also import-

ant that breeders carry early maturity. The third and final step in selection for

high intensity is the addition of high summer intensity from June first to the

close of the laying year. In order to establish uniform high intensity throughout

the pullet laying year it is necessary to employ yearling breeders that exhibit

large clutch size in winter, spring and summer.

SUMMARY
Intensity during three seasons of the pullet laying year is considered. Winter

clutch size measures the intensity from first pullet egg to March first. Spring

clutch size covers the period from March first to June first. Summer clutch

size includes the time interval beginning June first and continuing to the close

of the 365-day laying year.

March clutch size, April clutch size and May clutch size are each studied as

possible short-time measures.

Winter clutch size and spring clutch size show a non-linear relation and the

correlation ratio between the two is .417

L

Winter clutch size and sununer clutch size also show a non-linear relation

with a correlation ratio of .309L

Spring clutch size and summer clutch size show a linear relation to each other

and a coefficient of correlation of +.4593 + .0130.

Winter clutch size is correlated to a high degree with age at first egg.

The degrees of correlation between winter clutch size and winter pause dura-

tion, winter clutch size and days broody and winter clutch size and persistency

are very moderate but slightly significant.

Spring clutch size shows non-linear regression on winter pause duration with

a correlation ratio of .3596.

March clutch size, April clutch size and May clutch size are independent

of age at first egg, winter pause duration, total days broody and persistency.

Summer clutch size is independent of age at sexual maturity, moderately

correlated with winter pause duration and persistency and correlated to

the extent of .3531 with total days broody.

As a criterion of annual egg production, the six short-time measures rank in

the following order determined by the degree of correlation: spring clutch,

summer clutch, winter clutch, April clutch, May clutch and March clutch.

In general, clutch size seems to increase somewhat following either a winter

period of non-production or a broody period.

The mean clutch size for the flock studied was: winter, 3.35; spring, 4.07;

and summer, 3.04.

The most significant short-time measure of intensity is spring clutch size,

but no short-time measure of intensity is as accurate as the mean clutch size for

the entire year.
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The frozen-pack method is used annually to preserve large quan-
tities of fruit, much of which is later used for flavoring ice cream. Fruits

used for this purpose have a very pronounced influence on the quality

of the final product. Very little is known regarding the most satisfac-

tory ways of processing fruit for utilization in frozen dairy products.

The results reported here furnish some information on this subject.
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Figure 1. Containers for frozen-pack fruit. Left to right, empty 1-gallon friction top

can, raspberries, sliced peaches, strawberries, 5-gallon slip cover can; in front a pint

paper carton containing raspberries.

Figure 2. The equipment used for processing and freezing the icecreams made in this

investigation.
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FROZEN DAIRY PRODUCTS
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and
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INTRODUCTION

In 1931 approximately 350 million gallons of ice cream besides sherbets, ices

and mousses were produced in the United States. Of this immense amount

15 to 16 per cent or 55 million gallons consisted of fruit ice cream. Strawberry,

raspberry, pineapple, peach, cherry, and orange were the principal fruits used,

though many others were utilized to a lesser extent. Strawberry made up 8

per cent of the total—28 million gallons. Next in importance came orange-

pineapple.

This shows the tremendous possibilities to the fruit industry for supplying

frozen-packed fruit for ice cream and similar dairy products. The soda fountain

trade, also largely dependent on ice cream, uses large quantities of frozen fruits

and no doubt could absorb still more.

In view of the somewhat limited knowledge concerning the best methods of

freezing and of using frozen fruits, the writers investigated some phases of the

problem. The fruit thus made available was utilized in ice cream and ices to

determine the eifect of fruit varieties and methods of preserving on the freezing

and quality of the finished products.

Plan of the Investigation —

-

Briefly, the plan of the investigation was to prepare experimental packs of the

fruits in one-gallon cans, freeze these under known conditions, store for approx-

imately one year, thaw, examine carefully, and finally use the fruit in the manu-

facture of fruit ice creams, sherbets and ices.

The study thus falls naturally into two parts: (1) A study of the methods of

packing, handling, freezing and storage on the quality of the frozen fruit; and

(2) the utilization of these frozen fruits in frozen dairy products. In general,

these parts will be treated separately because the packer of frozen fruit is inter-

ested chiefly in the method of packing, handling and storage, while the ice

cream manufacturer is interested more specifically in the use of frozen fruit in

dairy products.

The term "frozen-pack" is used in this bulletin in preference to the older

trade designation "cold-pack" for fruits frozen with sugar. The writers agree

with Diehl (6) that the former expression is more accurately descriptive of the

process actually involved.

Historical ^'

In 1927 Turnbow and Cruess (17) concluded that properly prepared frozen-

packed fruits were approximately equal to the fresh for use in ice cream and

water ices. They advocated the use of higher percentages of fruit in ice creams

than had been customary; for example, they recommended at least four pounds

of fresh strawberries to 45 pounds of basic mix for a good strawberry ice cream.

They likewise considered that most frozen fruits made more satisfactory ice

cream and ices than dried, canned or pulped fruits. The Marshall variety of

strawberry was found to give excellent flavored ice cream. Banner was unsatis-

factory.
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Fahricus (7), in Iowa, found that frozen strawberries were superior to either

canned fruit or strawberry extracts in the manufacture of ice cream. He recom-

mended Gandy, Kellogg's Prize, Early Jersey, Giant, and Dunlap as desirable

varieties for use in ice cream. The optimum ratio of strawberries to sugar was
two to three pounds of fruit to each pound of sugar. He found full-ripe fruit

gave a superior flavored ice cream. Storage at temperatures above 25° F. re-

sulted in definite quality deterioration.

Turnbow and Kaf'fetto (IS), also Sommer (15), give general information on

fruit ice creams.

Since the incep|/ion of the frozen-pack method of preserving fruits in the

Pacific Northwest about 20 years ago, many papers bearing on the general sub-

ject have appeared. Most of these are found in various trade journals and con-

tain little actual data. However, the reports by Cruess (2), Joslyn (10, 11),

Diehl (6), Wiegand (19), Woodroof (20, 21), Birdseye (1), Lathrop (12), Cul-

pepper (3), and others, sum up the available information on the subject.

The present writers have also published preliminary reports of their findings

in the ice cream and fruit products' trade journals (9, 13).

.--^PART I. FROZEN FRUIT INVESTIGATIONS

Experimental Methods

Approximately 650 one-gallon cans of fruit were frozen packed for these

experiments over a three-year period. About one-half of this amount consisted

of strawberries; raspberries, cherries and peaches made up the rest. The fruits

were all produced in the college orchards, picked when fully ripe, and in prime

condition when packed.

The methods of investigation were varied in order to compensate for the

differences among the different fruits studied. However, the same general pro-

cedure was followed as closely as possible. All fruit was prepared for packing

(hulled, pitted or pared as the case might be) washed in cold water and drained.

It was then weighed and the desired quantity of sugar mixed uniformly through

the fruit. The fruit was then transferred to one-gallon enamelled, friction-top

tin cans, properly labeled, moved into a storage room and held between 0° and
5° F. This insured rapid freezing. After a few days in this room (over night is

sufficient) the fruit was transferred to another cold storage room held between

10° and 15° F. The fruit was removed as needed and melted at room tempera-

ture in 15 to 20 hours. After melting, observations were taken on the following

points: color of fruit and syrup; flavor of fruit and syrup; proportion of fruit

to syrup; size and texture of fruit; and consistency and clarity of syrup.

The effect of the following factors on the pack was studied:

1. ^'ariety.

2. Proportion of fruit to sugar (variation from 20-50 per cent sugar).

3. Substitution of corn sugar for cane sugar (whole or part).

4. S.yruj) i)acks.

5. Freezing without sugar.

6. Fruit; whole, sliced or crushed.

7. Vacuum packing.

8. Standing before freezing.

9. Thawing and refreezing.

The melted frozen-packed fruit was used in ice cream in order to study the

effect of the factors listed above. Then^fore, an important part of this investi-

gation has been a study of the effect of methods of freezing on the properties of

fruit ice cream.s. These are described in Part II.
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Frozen Strawberries

Variety Studies

Twenty of the more important northeastern varieties were frozen in the ratit)

of two pounds of fruit to one pound of sugar. These studies were carried on over

a three-year period, 1929, 1930 and 1931. Approximately 130 cans were paci<ed

for the variety studies. The fruit was grown on a fertile, gravellj' loam soil,

picked when fully mature, and frozen the same day. The fill of the container

was the same in the variety studies, i. e., the weight of contents was constant at

five pounds. In general, the storage period at 10° to 15° F. was for 12 months.

This allowed comparisons to be made with the freshly harvested fruit of the

succeeding season.

Results of examination of the 2:1 packs are summarized in Table 1. Although

comparisons were also made in these varieties where the ratio of fruit to sugar

were 1:1, 2^:1, 3:1 and 4:1, the results are sufficiently like the 2:1 packs so that

reproduction of all these data will be omitted. Fruit solids or "fruit" in the

defrostetl packs was determined by weighing the portion remaining after drain-

ing for two minutes on an 8-mesh sieve of 10 inches diameter.

Besides the 20 varieties classed in Table 1, commercial packs of Klondike,

Ettersberg, and Marshall were also examined. All three rated very high in

appearance and flavor both after freezing and in ice cream. The ratings given

the several varieties are shown in Table 1 and require no discussion. It is note-

worthy to observe the rather close limits for soluble solids, 5.9 to 7.6 per cent,

and titratable acidity, 0.90 to 1.43 per cent. Of course, even the same variety

will vary greatly with the degree of maturity. At least two pickings during the

course of two seasons were considered in determining the number of berries per

pound. This method gives an excellent comparative idea of the size of the

individual fruits. Plavor, appearance and other organoleptic properties of

frozen fruit were judged by groups of several men with experience in the exam-

ination of fruit products. In general, the varieties which were considered best

flavored when fresh, were also best both after freezing and after incorporation

into fruit ice cream. The more acid varieties were usually unsatisfactory. The
varieties which have a red or pink flesh, such as Howard Supreme, Senator

Dunlap, or Aberdeen, gave more highly colored frozen products than the light-

fleshed varieties. There was slight surface darkening in all the packs, no signi-

ficant differences being noted among the several varieties. For most varieties

2.5 to 3 pounds of fruit to the pound of sugar gave a frozen product of optimum
flavor. A few of the sour varieties were best when packed with sugar in the ratio

of 2:1. More data bearing on the ratio of fruit to sugar are presented in Table 2.

In no case did ratios of fruit to sugar, greater or less than 2:1, cause any signifi-

cant change in rating of any variety of fruit. That is, there was no advantage

gained in comparing the freezing qualities of varieties of fruits at ratios of fruit to

sugar other than 2:1.

Effect of Varying the Ratio of Berries to Sugar

For this experiment both mixed variety, field-run strawberries and separate

varieties were used. All were harvested in 1929, 1930 and 1931. The purpose of

the work was to determine the most satisfactory fruit to sugar ratio in frozen ^

packs for use in ice cream. In all, 97 one-gallon cans were packed. The fruit-

sugar ratios used were 1:1, 2:1, 3:1, 4:1 and 1:0. The fruit was prepared and
frozen as described in the variety tests and w&s examined from 11 to 16 months
after packing. The data are summarized in Table 2.
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Packing without sugar proved impracticable. The natural color and much
of the flavor of the fruit was lost. Without a sugar syrup present, the color is

destroyed, probably through oxidative changes. Sugar syrup absorbs and re-

tains volatile compounds which are lost in a pack without sugar. The sugar

probably prevents the deterioration of the volatile flavoring substances as well

as absorbing them.

Attempts to substitute dextrose (corn sugar) for sucrose were unsatisfactory.

Dextrose caused the fruit to darken and assume an unnatural purplish-red ap-
pearance. The seeds turned black as well as the tips of the berries. The flavor

of the fruit was flat, unnatural, and objectionable. The fruit in the dextrose

pack became very soft and mushy, and disintegrated to a considerable extent.

These changes may be due to a greater osmotic concentration of the dextrose

syrup since the molecule is only one-half as large as that of cane sugar. The
greatest objection, however, to the dextrose pack was the presence of a grayish-

red, granular substance which formed a crust on the surface and a sludge at the

bottom of the can. This substance was not readily soluble, hence caused the

fruit to melt slowlj' and remained as a precipitate in the syrup to a considerable

extent unless it was dissolved by warming the fruit. The substance was iden-

tified as dextrose crystals (probably dextrose monohydrate) by the osazone test.

Corn syrup or dextrose (which is known by the trade name of cerelose) is

bleached with sulfur dioxide in the process of manufacture. It is to this residual

sulfur dioxide in the cerelose that this discoloration is attributed. The sample of

cerelose used in this study contained 19 parts per million of sulfur dioxide. The
purple color is formed by the interaction with tin of the anthocyans (red pig-

ments) of the fruit. The sulfur dioxide accelerates this corrosive action and thus

indirectly impairs both flavor and color.

A 2:1 pack in which two-thirds of the sugar was dextrose was similar to the

all-dextrose pack but not as outstanding in its defects. The defects were less

marked where only one-half of the sugar was dextrose, yet some of the grayish-

red substance cited above was evident. None was present where only one-third

of the sugar was dextrose. However, the color was purplish-red and appeared

somewhat unnatural. The flavor was not as desirable as that of an all-sucrose

pack.

Since cane sugar was found to be the more desirable sugar, another factor

to be considered was the ratio of berries to siigar. Table 2 shows that the 2:1,

2^:1 and 3:1 packs were the most desirable. The 1:1, and 1H:1 packs were too

sweet and the true flavor of the fruit was masked. The higher osmotic pressure

brought about considerable shrinking and disintegration of the fruit. Too
much cloudy syrup was evident due to the presence of seeds and other debris

from the disintegrated berries. The 4:1 pa(^k sihowed practically no shrinking

or disintegration and had an excellent color. However, the fruit was too sour

and the syrup too thin and watery.

A choice between the 2:1 and 3:1 packs was hard to make and would probably

depend upon the use for which the fruit is desired. Each of the two packs had

distinct advantages. The flavor of the fruit and the consistency and flavor of

the syrup were a little superior in the 2:1 pack. The advantages of the 3:1 pack

were larger and firmer berries, less syrup, better color, less danger of undissolved

sugar in the syrup, and less weight per gallon for .transportation. Probably the

23^:1 ratio is the best for most purposes.

Few attempts have been made to investigate frozen-packing from the stand-

point of temperature effects. The fruit was placed in a room at ° F. or slightly

lower for a few days to insure rapid freezing, and was later removed to a room

held between 10° and 15 °F. The necessity for rapid cooling to prevent fermen-

tation has. been disclosed (6). However, the fruit should not remain at this
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lower temperature too long or a sugar sludge will form at the bottom of tlu;

containers. Fruit held below 0° F. for as long as two weeks had a sugar sludge

at the bottom of the cans which did not disappear until the fruit had been held

six months at the higher temperature of 10° to 15° F. This trouble was not no-

ticed if the fruit was moved into the second room after two or three days and did

not appear under any conditions with the 3:1 pack. Undissolved sugar was
always present in the 1:1 and l}^'^ packs and was often present in small amounts
in the 2:1 packs after defrosting. This excess of sugar does not aid in any way
in preserving the fruit. Where the ratio of fruit to sugar exceeded 2H:1, no

undissolved sugar was found in any fruit.

Effect of Freezing the Berries with Sugar Syrups ...
-—""^

Because of the difficulties of thoroughly mixing the fruit with sugar in the

frozen packs, sugar syrups were used in an effort to obviate this difficulty, save

time, and possibly prevent crushing the fruit.

Several experimental packs were made in which cane sugar syrup was sub-

stituted for drj' sugar. Thirty 1-gallon cans were used in the tests in 1930 with

both mixed varieties and Howard 17. Since no differences were evident in the

several different packs, all are considered together in Table 3. The berries were

simply covered with the syrup of desired concentration, no definite weight being

used.

There was a definite decrease in the surface discoloration of the sj'rup packs

as compared with the dry sugar packs. The syrup exerted a protective action

again.st oxidation. The optimum syrup concentrations for freezing strawberries

were 40 and 50 per cent. Eighty per cent invert syrup, and 65 per cent sugar

syrup were too concentrated, causing the berries to shrivel and float on the

surface. The color was good, however, in the 60 and 65 per cent syrup packs.

The appearance and flavor of the 40 and 50 per cent syrup frozen strawberries

were considerably better than those of either higher or lower sugar concentrations.

There are definite advantages in a syrup pack. Amorig these are: less air

discoloration, less damage to the fruit, greater convenience, and firmer textured

fruit. There is no loss of undissolved sugar, and spoilage is less likely to result.

Also if the syrup is chilled before using, it acts as an effective precooling agent.

Where facilities for making and storing syrups are available, the use of syrup in

place of dry sugar is entirely feasible. The principal objection to the use of syrup

is that additional water (and weight) is thereby added to the product. The
preparation of small batches of syrup is also inconvenient. Experience has shown
that the amount of syrup to Ik* added may be judged satisfactorily by simply

covering the fruit.

Effect of Delay Betiveen Packing and Freezing the Berries

In commercial practice it is often difficult to avoid delays incident to freezing

the fruit. In order to determine the effect of varying storage periods before

freezing, 40 one-gallon cans of Howard 17, 2:1 strawberries were packed in

1930. The berries were fully matured and of good quality. They were either

frozen immediately after mixing with sugar or else allowed to stand for definite K
time intervals before freezing at—5° F. Two storage temperatures were used,

45° and 80° F., corresponding respectively to common cold storage and normal

July temperatures. The fruit was examined both before freezing and after de-

frosting a year later. Representative samples were used in strawberrry ice creams.

The data are tabulated in Table 4.

V
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Tilt' tuble is lai'gely solf-expliiiiatory. Tliere was apparently no injury to the

((uality of the frozen pack when held 12 hours at 45° F. or 6 hours at 80° F.

In fact a short holding period dissolves all the sugar, and by allowing osmotic

action to proceed, thoroughly impregnates the fruit with sugar. This action seems

to aid in overcoming enzymic discoloration from oxygen within the fruit. Sim-
ilarly, delayed freezing draws out some of the juices from the fruit so that the

appearance is similar to a syruj) pac^k but without the disadvantage of added
water.

Up to 6 hours holding at summer temperatures did not injure the quality

, of the fruit. However, after 12 hours, there was a lack of fresh fruit flavor and

Cii too much bleeding of the fruit; and after 24 hours, slight yeasty fermentation

V and surface molding had begun. Obviously it is better to hold strawberries in

V a pre-cooler than at room or outside temperatures because of the deteriorative

^^ influences of the latter. During the holding jjeriod the fruit appears flrst to give

up juice to a certain point and then reabsorbs it so that finally equilibrium is

reached, in the c'ase of a 2:1 pack of strawberries this point is at a syrup con-

centration of about 35-36 per cent sugar.

The Effect of Vacuum Packing

With a view to overcoming surface discoloration in frozen strawberries, 27

one-gallon cans of strawberries were packed in 1930 at Gloucester, where a

vacuum sealing machine for gallon cans was available. The berries were well

I

colored, mature, yet firm in texture. Katios of 2:1, 2^'^:\ and 3:1 of fruit to dry

,1 sugar and 80, 65, 50 and 40 per cent syrup packs were employed. \'acuums of

10-12 and 18-22 inches of mercury were used. Controls in the usual friction-top

unsealed cans were likewise packed. The berries were frozen at 0° F. and stored

at that temperature for 11 months before defrosting and examination.

Inasmuch as the results showed few essential differences ffom other sugar

or syrup packs already recorded in Tables 1, 2 and 3, the data are not given.

The outstanding observation was that the vacuum-packed fruit showed no sur-

face discoloration. That is, the air (oxygen) in the headspace of the cans had

been largely removed by vacuumization, and did not cause deleterious oxidations

which injure both color and flavor of the surface layer of fruit.

The fruit packed at vacuums of 18-22 inches was somewhat better than that

'\ packed at lower vacuums, probably because of more effective oxygen removal.

o» As stated previously in this bulletin, the 2^-^:1 and 3:1 dry sugar packs were con-

sidered best from the ice cream manufacturer's viewpoint; and of the syrup

packs, the 40 and 50 per cent were considered superior in appearance and flavor

both after defrosting antl when manufactured into ice cream. The 80 and 65

[)er (!ent syrups gave imsatisfactory packs in that both were too sweet and re-

quired too large quantities to cover the fruit. The berries also floated .so easily

that they could not be readily packed into the cans. Vacuums in excess of 20

inches could not be secured in one-gallon (No. 10) cans because of paneling

effects. That is, the sides of the can would yield to the high vacuum and be-

come concave, thus reducing the can volume as well as vacuum. Several cans

were totally ruined when attempts were made to secure vacuumization at the

25-inch level. With smaller cans, it would be feasible to use vacuums of 25 inches

or even more, because they are sufficiently strong to withstand such strains.

Several glass jars of strawberries and other fruits were vacuum sealed at 25

inches and frozen with good results. In fact, glass jars of frozen fruits make a

very attractive appearance. Care must be taken in paciking glass jars that suffi-

cient headspace is allowed to compensate for the expansion due to freezing.

.Vbout one-half inch is sufficient for pint or quart glass jars.
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Effect of Crushing or Slicing the Berries

Crushed and also sliced strawberries were frozen-packed for comparsion with

the whole fruit. The frozen crushed fruit was inferior in appearance because of

a faded-out, unattractive color. The surface layer of fruit was also rather badly

discolored. The flavor was not normal. On the other hand the sliced fruit re-"

tained well its color and flavor. No significant flavor differences could be de-

tected in ice creams made from sliced or whole fruit. Both the sliced and crushed

2:1 strawberries gave a sugar percentage in the syrup of 36, with a fruit to sugar

ratio of 1:1.05. These values are very similar to those for wholp-2:l strawberries.

Frozen Raspberries

Several varieties of raspberries were frozen packed in 1929 and 1930 by tho

same methods that were used for strawberries. Variety, ratio of fruit to sugar,

and a few syrup packs were frozen. The raspberries were full-ripe when packed.

The more important results are tabulated in Table 5. In all, 66 one-gallon cans

of raspberries were packed. Sugar ratio experiments were made for Cuthbert

and Herbert varieties as well as St. Regis, but the results were very similar and

hence are not presented separately. Several varieties were packed with a 4:1

ratio of fruit to sugar but with less satisfactory results than when the 3:1 ratio

was used. St. Regis raspberries are very seedy. Several gallons of the defrosted

berries were passed through a tomato pulper and the resulting seedless pulp

made into ice cream and ice. The yield of seedless pulp was 84 per cent in this

trial. The dry weight of seeds in Cuthbert and Herbert varieties was found to

be 8 and 7.3 per cent respectively. The removal of seeds in raspberries overcomes

one of the principal objections to the use of this fruit in ice cream, jams or even

as a dessert.

Of the varieties of raspberries frozen, Cuthbert, Herbert and St. Regis were

most satisfactory both as frozen fruits and when used in ice cream. Though small

and seedy, the St. Regis possessed a good flavor and color. The purple and
black varieties as well as Ontario and Newman were of poor quality. The black

raspberries shriveled badly and were very tough and seedy.

Raspberries frozen without sugar were of poor flavor and color as compared
with those containing sugar. The fruit did not stand up after defrosting. Dextrose

packs were poor in quality, the same defects being noted as in frozen strawberries.

The use of dextrose (corn sugar) cannot be recommended in frozen fruits.

The main difl'erence in the raspberry packs was the distinct superiority of the

3:1 over the 2:1 fruit to sugar ratio. This was true in every variety tested.

Surface discoloration was always more marked on the fruit containing the

least sugar. As with strawberries, the fruit shrunk less and had less color in the

less concentrated sugar packs. It should be stated that all varieties of raspberries

have a distinct and fairly permanent characteristic flavor and that the differences

among varieties are not so great as in the case of strawberries.

Frozen Peaches

Peaches were frozen in each of the three years of the investigation. All were

harvested and frozen when fully mature. They were prepared for freezing by
lye-peeling in 5 per cent caustic soda solution, rinsing in clean, cold water fol-

lowed by trimming and slicing into eighths. Approximately 130 one-gallon cans

were frozen. Because of close similarities among varieties and ratios of fruit to

sugar, only representative samples are included in Table 6.

Of the common New England-growTi varieties tested, Hiley, Elberta, Hale,

Crawford and Belle of Georgia gave the most promising frozen packs. These
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siiine varieties were best in ice cream as well. Both white and yellow-Heshed

varieties were of good quality. In general, the early-season varieties were some-

what inferior to the mid-season ones.

All the varieties lost flavor upon freezing and defrosting and lost still more

when made into ice cream or sherbet. In fact but little peach flavor was evident

in the pure fruit peach ice creams.

Culpepper (3j made a study of the suitability of Georgia peach varieties for

ice cream manufacture. He found Belle, Carman, Yellow Hiley and Elberta

were very desirable varieties for this purpose.

The frozen peaches had a uniformly attractive appearance. The yellow vari-

eties were most attractive, but all were of very pleasing color and flavor. The
optimum ratio of fruit to sugar in most varieties of mature peaches seems to be

about 3:1. No particular advantage was noted in the syrup packs. The flavor

of the frozen peaches was noticeably superior to that of canned peaches of the

same variety.

Frozen Cherries and Miscellaneous Fruits

In order to determine the suitability of various varieties of cherries and some
other New England-grown fruits for freezing, mature Montmorency, Early

Richmond, Morello, and May Duke cherries, as well as Damson plums, nectar-

ines, cranberries, blackberries, red currants, and rhubarb, were frozen in various

ways as described earlier under strawberries. Some 1 12 one-gallon cans of these

miscellaneous fruits and rhubarb were packed and frozen over a three-year peri-

od. These were examined as usual after approximately one year in freezing stor-

age at + 10 ° F. Some of the data are recorded in Table 7.

The cherries used were all sour varieties except May Duke. Montmorency
was outstanding in its excellence as a frozen fruit, though Morello and Duke
were also very satisfactory. For sour cherries a 2:1 pack proved best from the

viewpoint of appearance, flavor, and suitability for use in pies or in frozen dairy

products. Sour cherries are little used in commercial ice creams at the present

time. These cherries made satisfactory products but lacked flavor. The color

was particularly attractive. It should be noted that in a frozen pack of cherries

there is considerably more fruit than syrup, thus differing from most berry

varieties.

Both wild and Evergreen blackberries jaelded frozen packs of only fair qual-

ity. The flavor was good but the appearance unattractive. The same was true

of red currants, Damson plums and rhubarb. However, these made frozen ices

of characteristic flavor.

Nectarines, when used in ice cream, produced a flavor greatly resembling

peach. The frozen product, while not particularly attractive in appearance,

po.ssessed a pleasing flavor.

Cranberries were frozen whole, sliced, and as cranberry pulp, with and
without sugar. The fruit kept perfectly regardless of the method of packing.

Sliced cranberries or cranberry pulp frozen with sugar in a 1:1 ratio were judged

the best packs in appearance and flavor. The pulp was especially satisfactory

for use in frozen ices. In ice cream, the cranberry lost its characteristic flavor.



18 MASS. EXPERIMENT STATION BULLETIN 287

PART II. STUDIES OF FRUIT ICE CREAMS AND ICES

Experimental

The fruit available from tlic studies reported in Part I was utilized in ice

cream to determine the effect of methods of packing on flavor and other char-

acteristics. Other factors invesftgated in the making of fruit ice creams were:

1. Comparison of fresh afid frozen fruits.

2. Effect of the percentage of fruit.

3. Time of adding fruit during freezing.

4. Effect of fruit on rate of freezing and i)roperties of the ice cream.

5. Addition of vanilla and fruit extracts.

6. Causes of off-flavor in fruit ice creams.

Since strawberry/ is the most popular fruit ice cream, a principal part of the

study was devoted*^ to it. Raspberry, cherry, pineapple, and peach ice creams

and ices were ahp investigated following the same general procedure used for

strawberry. The' experimental work with strawberry ice cream is discussed in

detail. Properties and observations peculiar to other fruit ice creams are then

discussed briefly. This is followed by a discussion of fruit ices.

All fruit ice creams contained 15 per cent by weight of the fruit being studied,

unless a statement is made to the contrary. Freezing data were secured by tak-

ing the temperature of the mix in the freezer and the percentage of overrun at

minute intervals throughout the freezing process. The ice cream was held at

hardening-room temperatures (0-5° F.) for a few days before it was judged.

The judges were students and members of the college staff, mostly not specialists

in dairying and therefore representing fairly well the general consuming public.

A three to one preference was assumed to be significant.

The ice cream mix used averaged 14.5 per cent fat, 10 per cent serum solids,

15 per cent sugar, and 0.35 per cent gelatin. It was pasteurized at 150-155° F.,

held 30 minutes, and homogenized at 3,000 pounds pressure at the pasteuriza-

tion temperature. The mix was aged from 5 to 24 hours before freezing. A 40-

quart brine freezer was used, with brine varying from -5 to 2° F. in temperature.

All samples of ice cream for judging were drawn from the freezer at the same

temperature and at an overrun of 85-90 per cent, and were hardened for a few

days before examination.

Acidity readings were determined by titrating a 9-gram sample with one-tenth

normal sodium hydroxide with phenolpthalein as indicator. Hydrogen ion

determinations were made electrometrically, using a Leeds-Northru]) jiotcnti-

ometer with the quinhydrone electrode at 77° F.

Strawberry Ice Cream ^

Desirable Varieties for Use in Ice Cream

A comparison of the conuuon New England varieties of strawberries over

three fruit crops was made. On the basis of the trials,, the strawberry varieties

studied may be grouped as follows in respect to their comparative value for

flavoring ice cream (see also Table I)

:

Excellent: Howard Supreme and King Edward.

Very good: Marshall, Howard 17, First (Quality.

Fairly good: Aberdeen, Boquet, Beacon, Bliss, Commonwealth, Progressive.

Somewhat lacking in flavor: Marvel, Meteor, Mastadon, Sample, Senator

Dunlap, Stevens Late Champion, Bun and Heritage.

Differences were in evidence among varieties from year to year which would

indicate that among the leading varieties, seasonal effects, ripeness of fruit, etc.,

I
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are factors of major importance. New England berries are fully equal in quality

to Western or Southern grown fruit, and locally grown berries were fully as

desirable as the commercial packs used for flavoring ice cream, if not superior

to them.

Effect of Amount a }i(l Kind of Sugar Used

In preliminary reports of this investigation (9, 13) the writers showed that

cerelose could not be substituted for cane sugar if good results were to be secured.

Darkening of the fruit, crystallization of the sugar, and excessive shriveling and

softening of the berries resulted when cerelose was used. The use of cerelose-

packed frozen fruit in strawberry ice cream injured both flavor and appearance

of the product.

The effect of the quantity of cane sugar used in frozen fruit on the appear-

ance of the pack was discussed in the first part of this report (see Table 2). When
used in ice cream the 1:1 packs made a very sweet, soft ice cream while the 4:1

packs did not impart a desirable strawberry flavor. The 2:1 and 3:1 packs im-

parted a more desirable flavor than all others. From the large number of ice

cream samples judged in this study in 1929 and 1930, the conclusion was reached

that an ice cream mix containing less than 15 per cent sugar should be flavored

with 2:1 packed strawberries, but the 3:1 ratio should be used where the mix con-

tains more than 15 per cent. However, in 1931 a fatio of 2.5:1 was used to a

considerable extent and was considered preferable to any other ratio when the

standard mix contained approximately 15 per cent sugar.

The Effect of Using Sugar Syrup and Vacuum Packing

An undesirable factor found in the standard sugar packs was oxidation of

fruit at the surface. Berries not covered by the syrup were discolored and had

lost part of their flavor. In the first part of this report, the advantages of using

a cane sugar syrup or vacuum packing to decrease surface discoloration were

discussed. Syrups containing 30, 40, 50, 60 and 65 per cent sucrose, as well as

65 and 80 per cent invert sugar, were used in different frozen packs and in ice

cream (see Table 3). The rating of the ice cream was as follows: that containing

40 and 50 per cent syrup, first and second, respectively, with little choice, if any,

between the other samples. The ice cream containing fruit packed in invert

syrup seemed inferior to that containing cane sugar syrup. Neither the standard

sugar packs nor those containing sugar syrup were improved for flavoring ice

cream by packing in sealed cans from which a part of the air had been expelled

by vacuumization before freezing.

Little difference was observed between the 2:1 and 3:1 sugar packs, those

containing 40 or 50 per cent sugar syrup, and the vacuum packs. These obser-

vations indicate that the ice cream maker may safely buy frozen fruit packed

by any of these methods. From the standpoint of flavoring ice cream, it is

evident that the quality of the^fruit is of) greater importance than whether it

has been packed in sugar, sugar syrup, or under vacuum.

Effect of Delay Between Packing and Freezing Fruit

No differences were evident in the flavor of ice creams made from strawberries

which had been held for 6-24 hours at 45 ° F. between the time of packing with

sugar and freezing (see Table 4). This treatment affected the appearance of

the fruit and the ratio of fruit to sugar in the defrosted product. However,

no flavor was lost from the pack so long as the holding period did not allow

fermentation. In allowing fruit to remain unfrozen for several hours, more
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flavor was drawn into the .syrup but the degree of flavor in the combined fruit

and syrup remained unchanged.

Effect of Slicing or Crushing Berries Before Freezing

Since ice cream makers have used both crushed and sHced fruit as well as

whole, it seemed advisable to determine what effect these methods of treating

the fruit before freezing had on the finished pack as well as on ice cream. The
appearance of the crushed berries after thawing was not desirable, and more
surface discoloration was evident than with whole fruit. Although the majority

of those criticising the samples of ice cream made from whole and crushed fruit

could not differentiate between them, nevertheless, the more experienced judges

invariably preferred those samples made from the whole fruit.

Slicing berries into thirds or quarters gave better results than crushing the

fruit. The sliced fruit showed no greater surface discoloration during storage

than whole fruit. Though less syrup was evident in the thawed sliced fruit samples

due to the finer division of the fruit through the syrup, still, very little quality

difference was found between ice cream made from whole or sliced berries. A
slight preference was shown for the ice cream flavored with the sliced berries,

but this difference alone was not enough to ju.stify the extra expense involved

in the preparation of the fruit.

Comparison of Fresh and Frozen Fruit

Fresh fruit is usually considered the best possible source of fruit flavor-

Though fresh fruit ice creams in season always have a strong sales appeal, yet

it is by no means proved that preserved fruits may not surpass the fresh in suita-

bility.

Comparisons were made between fresh fruit which was mixed with sugar

and immediately used in ice cream and fruit of the same variety and similarly

prepared but held for 24 hours at 40° F. That which was held 24 hours before

use in ice cream imparted considerably more fruit flavor. During the holding

period the sugar syrup, through osmotic action, extracted much of the flavor

from the fruit. This resulted in a finer flavored ice cream. The same action

occurs in frozen fruit packed with sugar. Frozen fruit held for one year at 10-

15° F. was found to be a satisfactory substitute for the fresh. When ice cream

samples of both were compared, only the more discriminating judges could differ-

entiate between those flavored with frozen fruit and with fresh fruit.

The Amount of Fruit to Use in Ice Cream

The percentage of fruit used affects not only the flavor of ice cream lint the

body and texture and rate of freezing as well. Therefore this factor should re-

ceive careful consideration by the manufacturer.

Strawberry ice cream was made, using from 6 to 20 per cent of fruit. The ice

cream became progressively more desirable in flavor up to about 15 per cent.

Above 15 per cent, very little increase in fruit flavor was detected, and a coarsen-

ing and weakening of the texture and body of the ice cream was evident. These

defects actually detracted somewhat from the flavor because the product deteri-

orated more rapidly in storage than the ice creams containing less fruit.

The concentration of sugar and other soluble solids was also increased in

proportion to the amount of fruit used. This resulted in weak-bodied ice cream,

which was soft at ordinary cabinet temperatures, if more than 15 per cent of

frozen fruit of the 2:1 ratio were used.

The data in Table 8 show the effect of the amount of fruit upon the freezing

properties of strawberry ice cream. Increasing the fruit to about 15 per cent was
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Table 8.

—

The Effect of Different Amounts of Fruit on the Freezinc

Properties of Strawberry Ice Cream.

Time in Freezer

Minutes

Overrun, Per cent

Batch 1 Batch 2 Batch 3 Batch 4 Batch 5

2 27

3 38

4 47

5 55

6 63

7 72

8 88

Brine on, minutes 6.25

Drawing temperature, degrees F 24.0

Mix, pounds 45

Fruit, 2 : 1 pack, pounds

Fruit, per cent

28
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at this time also raised the temperature of the mix, which resulted in slower

freezing and whipping. The only advantage of adding the fruit after partial

freezing of the mix was that slightly larger pieces of fruit were evident in the

finished product.

The idea, now fairly prevalent, that adding fruit early in the freezing process

will curdle the mix, is erroneous. Milk prcjteins do not normally curdle at the

acidity of fruit ice creams (see Table 10). Furthermore, the rapid agitation

inside the freezer at the time of mixing prevents the possibility of coagulation.

T.-VBLE 10.

—

Determinations of pH Value in Fruit Ice Creams.

Flavor

Number of Low-

samples pH
High

pH
Average Fruit

pH added

Per cent

Vanilla 12

Raspberry 1

Cherry 6

Strawberry:

1 : 1 pack 9

2 : 1 pack 6

3 : 1 pack 9

Average 24

5.95
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ice cream is caused largely by more rapid oxidation of the butter fat which is

induced in turn by the more acid nature T>i strawberry ice cream, the enzymes

contained in the fruit, and the presence of metallic salts.

Raspberry Ice Cream

Less fruit appeared to l)e desirable in making raspberry ice cream than with

other fruit flavors. Three reasons were evident: the seeds were objectionable

when a liberal amount of fruit was used; the fruit is relatively expensive; and

raspberry extracts of good quality, which could be used to replace some of the

fruit, were found to be commercially available.

Much more satisfactory results were secured when either the fresh or frozen

fruit was pureed to remove about 75 per cent of the seeds. From 12 to 15 per cent

of the raspberry puree was necessary to properly flavor the ice cream. A product

of good quality was made by reducing this amount to about 10 per cent and using

it in combination with a good commercial raspberry extract.

Raspberry packs of 2:1 and 3:1 ratios proved superior to all others (see Table

5). The preference between these ratios was in favor of the 3:1 fruit in most

cases. A marked difference was found between the desirability of different

varieties, Cuthbert, Herbert, and St. Regis being preferred in the order named
over such varieties as Newman, Latham and Ontario. The latter varieties pro-

duced an ice cream which lost its good flavor during storage more rapidly than

that flavored with Cuthbert, Herbert, or St. Regis varieties. The St. Regis is

a more seedy variety than either Cuthbert or Herbert.

The data in Table 9 show that raspberry ice cream cools faster in the freezer

and whips faster than vanilla.

Peach Ice Cream

Peach ice cream has a popular appeal during the fresh peach season. How-
ever, a good peach flavor was found to be difficult to secure in ice cream because

of the mild flavor of the fruit. Therefore, a large amount of fruit, 15 to 20 per

cent, must be used. A ratio of three parts of fruit to one of sugar in frozen-

packed peaches should be used. This ratio imparted the best flavor and had the

added advantage that the firmness of the ice cream was not decreased as much
as with the 2:1 pack. This factor is of especial importance since more fruit is

necessary than for other fruit flavors.

It was found that yellow-fleshed peaches were superior to the white for flavor-

ing ice cream and, since they are firmer, larger shreds of the fruit were evident

in the ice cream. No variety of peach was studied, however, which yielded

sufficient flavor. Therefore some type of flavoring extract should be added to

the ice cream along with the fruit. The best product studied was a peach brandy
syrup. Some manufacturers replace about one-third of the peaches with apricots

and claim good results.

Canned pulped Georgia peaches (some skin was present in the fruit) were

compared with fruit grown in the college orchards. The pulped fruit imparted a

more desirable flavor to the ice cream. More yellow shreds of fruit were visible

in the pulped product and this also improved the appearance of the ice cream.

The freezing time for peach ice cream, as is shown in Table 9, was about the

same as for vanilla.

Cherry Ice Cream

The sour varieties of cherries were found to be superior to others for use in

ice cream. Montmorency, Early Richmond, and May Duke cherries were
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better varieties than the Morello (see Table 7). However, these cherries did not

impart as satisfactory a flavor as maraschino processed cherries. By the addition

of a good commercial cherry extract, or a small amount of benzaldehyde or oil of

bitter almonds, to frozen fruit of the above varieties, a satisfactory substitute

for the flavor of maraschino processed cherries could l)e secured. One to two
cubic centimeters of benzaldehyde or oil of bitter almonds was sufficient for ten

gallons of finished ice cream.

Cherries packed in the ratio of two pounds of fruit to one of sugar were found

to be more satisfactory than packs of other ratios. A desirable amount of fruit

to use in cherry ice cream was from 12 to 15 per cent. The addition of cherry

extract may be practiced, as it was found that many of the extracts, if used in

satisfactory amounts, were capable of improving somewhat the flavor of the

cherry ice cream. The freezing time for cherry ice cream was found to be slightly

less than for vanilla.

Pineapple Ice Cream

A comparison of pineapples which were packed in Hawaii and Puerto Rico

was made. The fruit had been crushed and canned (heat preserved). The Ha-
waiian packs were found to impart a more noticeable pineapple flavor to ice cream,

and possessed the added advantage of firmer flesh, a deeper color, and less syrup.

The heat-preserved pineapples were found to he as satisfactory as the frozen

fruit for flavoring ice cream.

From 12 to 15 per cent fruit was found to be the most desirable amount for

pineapple ice cream. Pineapple ice cream was found to whip very rapidly dur-

ing freezing, probablj- due to the partial coagulation of casein by the acid in the

fruit.

General Discussion of Fruit Ice Creams

In the use of frozen or cold packed fruits, a trend is in evidence towards the

3:1 pack rather than the 2:1. Where syrup packed fruit has been used, that

containing a 40 per cent sugar syrup seems more suitable than any other. This

corresponds more nearly in sugar content to the 3:1 than to the 2:1 pack. This

trend seems reasonable in view of the fact that the 3:1 pack contains 83 per

cent more fruit than the 2:1. Hence more fruit flavor should be secured from the

use of the 3:1 pack.

Another and perhaps more important consideration is that the 3:1 pack adds

less sugar to the mix than the 2:1, and therefore an ice cream results which is

firmer at the usual cabinet temperatures. This is a point of considerable im-

portance, since the tendency in recent years has been to increase the amount of

fruit, due perhaps to a corresponding decrease in the cost of the frozen fruit.

No ice cream maker should be without a hydrometer for determining the

soluble solids content of fruit juices. The percentage of soluble solids in the

syrup of frozen fruit is shown in Table 2 to be 38.2 for the 2:1 packs, and 32.3

for 3:1. Some frozen fruit sold on the market labelled as 3:1 was found actually

to be 2:1, according to the soluble solids content of the syrup.

The freezing data which have been previously discussed indicate that fruit

ice creams usually attain overrun in the freezer more rapidly than vanilla. The

authors realize that this is not in agreement with the data (5) and statements

(15, 14) found in previously published material on the subject. However, the

data in Tables 8 and 9 are representative of that secured with two direct expan-

sion freezers and four lorine freezers, working in three different plants. The fact

that slower whipping for fruit ice cream has been reported by other investigators
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may be due to one or more of the following reasons: (1) the fruit used may have

been at a higher temperature than the mix (])arti(!ularly if frozen fruit were heated

in order to hasten melting); (2) overloading the freezer may have resulted by

adding the fruit to the same amount of mix that was used for vanilla ice eream;

or (3) the fruit may have been added to the mix after it was partially frozen,

thus raising the temperature of the entire batch and causing a loss of overrun.

Fruit ice creams should be drawn from the freezer at about 0.5° F. colder

than vanilla. This is necessary in order to secure the same degree of firmness,

due to the higher sugar content of the fruit ice creams, which lowers the freezing

point.

Many manufacturers and consiuners ])refer to see large pieces of fruit scat-

tered through fruit ice creams. The addition of the fruit at the beginning of the

freezing process, as has been recommended in this bulletin, causes the fruit to

be ground into small pieces, while addition of the fruit when the mix is partially

frozen does not permit uniform distribution through the batch. Therefore, in

order to have larger pieces of fruit visible in the ice cream, a few manufacturers

follow the practice of holding out a part of the fruit pulp and adding it slowly

through the fruit hopper as the ice cream is being drawn from the freezer.

The cost of flavoring fruit ice cream is not as great as one would assume

when it is realized that overrun is secured on the fruit and syrup as well as the

mix. Some fruits, such as frozen strawberries, canned pineapple, and bananas,

do not differ greatly in cost from the ice cream mix itself. However, fruit prep-

arations such as orange-pineapple, frozen pudding, and mint-pineapple are rela-

tively more expensive.

Fruit Ices

Fruit ices were made from a base of 33 pounds of water, 9 pounds cane sugar,

3 pounds cerelose, and enough gelatin to cause a slig'ht thickening in 24 hours of

aging. This was found to be 0.5 per cent for the gelatin used in this experiment.

To this was added 8 to 10 pounds of fruit and enough of a 50 per cent solution

of citric or tartaric acid to produce an acidity of 0.7 per cent. The ices were

frozen to a firm condition in the freezer and were drawn at an overrun of 30-35

per cent. Sherbets were made in the same way by substituting whole milk for

the water.

Pureed raspberries, pulped peaches, strawberries, plums, and pineapple

proved very satisfactory for ices. Frozen, pulped cranberries with sugar (2:1)

as well as pulped, cooked cranberries also proved satisfactory. Ices were made
from pulped currants which had been frozen with the 2:1 ratio, rhubarb pulp

packed 1:1, blueberry and blackberry pulps packed 2:1, all of which possessed

the characteristic flavor.

A study was made to determine the optimum acidity that an ice should possess.

Variations in acidity from 0.5 to 1 per cent (expressed as lactic acid) were em-

ployed. The majority of judges preferred an acidity of about 0.7 per cent, the

others being about equally divided between 0.6 and 0.8 per cent.

Acidity was determined by titrating a 9-gram sample of the ice (seeds and

pulp excluded) with one-tenth normal sodium hydroxide, using phenolphthalein

as the indicator. The weighed sample was diluted with 9 cubic centimeters of

distilled water previous to titration in order to have a more workable sample.

The readings were e.xpressed in terms of lactic acid, using the formula:

c.c. of 0. 1 N NaOH used x 0.009 x 100 ^ ,^ % lactic acid
wt. of sample in grams

Although many ices are colored pink, no difficulty was encountered in determin-

ing the end point because the solution became practically colorless before the
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tmd point was reached. Thi.s method of titrating ices or sherbets for acidity is

therefore reconiinended because the equipment is always available in an ice

cream plant.

SUMMARY

Investigations on methods of freezing and utilization of frozen New England

fruits were carried on during three crop seasons. All the fruits studied were grown

in the college orchards, frozen, defrosted, examined, and later utilized in frozen

dairy products. In all, over 650 one-gallon cans of these fruits were frozen.

1. Fruit varieties vary greatly in their suitability for freezing and for use in

ice cream. Of the 20 varieties of strawberries, the most desirable frozen

packs were Howard Supreme, King Edward, Marshall, Howard 17,

First Quality, Aberdeen, Boquet, Beacon and Bliss. The red-fleshed

varieties of strawberries gave higher colored frozen packs. The most

satisfactory raspberry varieties were Cuthbert, Herbert and St. Regis;

peaches, Hiley, Elberta, Hale and Crawford; cherries, Montmorency.

In general, yellow-fleshed varieties of peaches were more attractive than

white when frozen.

2. While plums, red currants, nectarines, cranberries, blackberries, blue-

berries, black and purple raspberries, and rhubarb were successfully

preserved by freezing, these fruits cannot be considered entirely satisfac-

tory. Though not suited for use in ice cream, fairly satisfactory ices can

be made from them. Cranberry ice is particularly good.

3. For one-gallon cans of fruit a freezing temperature of to -10° F. with

subsequent storage at 10 to 15° F. proved entirely satisfactory. A mod-
erately constant storage temperature is essential for maintaining the

quality of the pack. Defrosting and refreezing are definitely injurious

to both appearance and flavor of frozen fruits.

4. The soluble solids content of 20 varieties of strawberries varied from

5.9 to 7.6; acidity (citric) from 0.9 to 1.43 per cent; ratio of fruit to

syrup in the 2:1 frozen pack from 1 :0.62 to 1:1.46: and Brix readings from

33 to 44 per cent.

5. The sugar concentration (Brix reading) of the syrup of defrosted fruits

serves as an index of the original fruit to sugar ratio. (See Table 2).

6. Discoloration in frozen fruits is normally limited to the surface layer

Although this injures somewhat the appearance of the fruit, little injury

to flavor results. Peaches were particularly subject to surface discolora-

tion. Syrup pa(!king reduced this defect considerably; vacuum sealing

practically eliminated it.

7. In every case the addition of sugar to fruit before freezing greatly im-

proved the flavor, color and general appearance of the pack. Fruit to

sugar ratios of 2:1, 2.5:1, and 3:1 were most satisfactory for frozen

strawberries and raspberries. When the ice cream mix contained 15 per

cent sugar or less, the 2:1 or 2.5:1 packs should be used; while the 3:1

ratio was preferred when the sugar in the mix exceeded 15 per cent.

Cherries should be frozen with sugar in the ratio of 2:1, and peaches

with a 3:1 ratio.
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8. Cerolose (corn sugar.) was unsatisfactory in frozen fruit because it injured

the flavor and texture and caused discoloration of the fruit.

9. Freezing fruit in syrup containing 40 or 50 per cent cane sugar proved a

desirable method of storing fruit for later use in ice cream.

10. Vacuum packing i)revented oxidation of the fruit at the surface, but

otherwise was the equivalent of syru]) or dry sugar i)acks.

11. Delayed freezing caused some shrinking of the fruit but did not injure

the quality of the pack, providing the delay was not sufficient to allow

fermentation. Pre-cooling of the fruit or syrup l)efore freezing greatly

hastened tlie freezing process.

12. Slicing or crusiiing strawberries before freezing was of no particular

benefit when the fruit was used in ice cream.

13. The optimum amount of fruit of any desirable pack to use in ice cream

was about 15 per cent liy weight for strawberries, cherries or pineapple,

10 to 12 jier cent for raspl)erries, and 15 to 20 per cent for peaches.

14. The time necessary to attain the desired consistency and yield in freezing

ice cream varied with the flavor; the time required for peach was about

the same as for vanilla, Init for strawberry, jiineapple, cherry and rasp-

berry it was less.

15. The fruit should Ije added to the freezer immediately after the freezing

operation i.s started if uniform fruit distrilnition and rapid overrun

incorporation are to be realized.

16. Sui:)plementing fruit with fruit extracts in flavoring ice cream was of no

value with strawberry because most strawberry extracts had an artificial

unnatural flavor. However, many raspberry, cherry, and peach extracts,

when \ised in tlie correct amounts, did improve the flavor of the ice

cream.

17. Strawl)erry ice cream deteriorated more rapidly in flavor than vanilla,

due in part to more rapid oxidation of the butterfat, which is induced

by the fruit acids and enzymes. Heating the fruit to 165° F. for 20

minutes inactivated the enzymes and improved the keeping quality of

the ice cream.

18. A basic formula is given for fruit ices. The acidity of fruit ices should be

constant, 0.7 ])er cent being suggested as the most desirable acidity.
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THE RELATION OF FEATHER PIGMENTATION TO
INTENSITY OF LAYING IN RHODE ISLAND REDS

By F. A. Hays

INTRODUCTION
Experience of exhibition breeders of Rhode Island Reds indicates that in

order to develop the deep rich color now demanded in both sexes a considerable

period of time is required before sexual maturity is attained. In other words,

if pullets and cockerels become sexually mature at six or seven months they are

likely to show a lighter shade of plumage than the Standard requires.

In the spring of 1915, thirty-two high-class exhibition Rhode Island Red
pullets were hatched and reared at the Massachusetts Agricultural Experiment

Station along with the birds being bred for high fecundity. These thirty-two

pullets had an average age of 291 days when they laid their first egg while eighty-

nine production-bred birds hatched and reared with them showed an average

age of 253 days when they began to lay.

In the spring of 1929 a group of thirty-nine excellent exhibition pullets was

hatched and reared with chicks bred for egg production. The average age at

first egg was 291 days for the exhibition pullets and 197 days for 507 production

pullets.

A tendency for the production-bred stock to be deficient in color was observ-

able as early as 1915 while in 1929 practically all stock was deficient in color and

some approached buff and others carried pronounced black mottling. Smut in

under-color was not common.
Exhibition stock studied in 1915 was less deeply pigmented than the present-

day Rhode Island Red. The stock hatched in 1929 approached the bay shade

of Ridgway (1912). A rather large proportion of the birds carried smut in under-

color as well. Under-color varied in shade, but the fluff was far more intensely

pigmented than in the production-bred birds.

Martin (1929) has definitely shown with Barred Plymouth Rocks that ex-

hibition color is associated with slow maturity and his data indicate a probable

correlation between exhibition plumage color and low intensity.

There is definite need for experimental evidence on the relation of degree of

pigmentation in Rhode Island Reds to intensity of laying. Winter intensity

has been shown by Hays and Sanborn (1927) to be rather intimately associated

with annual production. The Standard of Perfection (1930) calls for rich red

plumage color in both males and females, making dark plumage color of economic

importance. It would seem desirable, therefore, from the breeder's standpoint

to combine exhibition plumage color with high intensity.

The experiment reported below began with two foundation groups of birds

hatched in 1927. The first group consisted of forty-eight pullets selected for

very light adult plumage color. The second group was made up of forty-nine

pullets selected for dark plumage color. Both groups came from the flock that

had been bred for high fecundity since 1913. Generations two, three and four

were hatched the following years. The selection of breeders each season was on

the basis of verj' light and very dark plumage. All birds were pedigreed, females

were trap-nested for a full 3'ear, and both male and female progeny were de-

scribed for plumage color at the age of about six months.
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Plan of Matings

In the spring of 1928, four unrelated females from the light-colored foundation

were mated to an unrelated, light-colored cockerel. From the dark-colored

foundation, two pairs of sisters unrelated and a third unrelated pullet were all

mated to a selected unrelated dark-colored cockerel.

In 1929 the breeding stock in the hght line consisted of three full sisters mated

to their half-brother. The breeders in the dark line were two pairs of half-sisters

mated to their half-brothers.

The 1930 breeding stock in the light line consisted of two half-sisters mated

first to their uncle and later to the male used in this line in 1929. The dark

group contained two full-sisters mated to their uncle.

PLUMAGE COLOR IN THE DIFFERENT GENERATIONS

1928 Breeders

In the hght-colored line, offspring were retained from four females with the

following color description:

H993—Orange hackle, medium red surface color except for a dark salmon

breast, light under-color free from smut.

H1076—Medimn red haclde, medium red surface except for a dark salmon

breast, light under-color with a shght amount of smut.

HI 106^—Orange haclde, very light red surface color, salmon breast, very

light under-color free from smut.

H1270—Orange hackle, medium red surface except for dark salmon breast,

light under-color free from smut.

Male H3515—Orange haclde, very light red surface color and under-color,

no smut.

The dark-colored line came from five females and a male described as follows

:

HI 154—Orange hackle, medium red surface except light in breast, light under-

color with smut.

HI 156 (full sister to H1154')—Orange, black-ticked hackle; dark red surface

color; rather light under-color with smut.

H1293—Orange, black-ticked hackle; dark red surface color mottled with

black; hght under-color with smut.

H1459—Medium red surface color and medimn vmder-color with only a

trace of smut.

H1460 (sister to H1459)—Orange hackle, medium red surface color except

for light breast, light under-color free from smut.

Male H3164-—Dark red hackle, dark red surface color, under-color somewhat
jight but free from smut.

1929 Breeders

In the light-colored line the plumage color is described as follows:

1733—Light red sm-face color, light under-color, free from smut.

11226—Medium surface color, medium under-color, free from smut.
11782^—-Light red surface color, light under-color, free from smut.

Male 11206—Very hght surface color and very light under-color without smut.

In the dark-colored line the descriptions follow:

11230—Medium surface color, very hght under-color, free from smut.
11261—Medium dark surface color, Hght under-color and no smut.
11845—Dark siu-face color, medium under-color, no smut.
12383—Near standard color, medium under-color, free from smut.

Male 1389—Near standard surface color, medium under-color and no smut.
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1929 Oflspring

The males and females hatched in the two lines in 1929 may be roughly

grouped for surface plumage color as follows:

Table 1.

—

Plumage Color.

Light Line Dark Line

Color

Males Females Males Females

Very light 2 2

Light 24 20 11

Medium 3 6 27 7

Dark .' 4 14

Standard 2

Total 29 28 42 23

The tendency of the males to appear in a lighter plumage class than their

sisters is noticeable in the dark line, while there is no significant difference in

grouping of males and females in the light line.

1930 Breeders

Two hens were used as breeders in the light line in 1930. They were described

as follows:

J1503—Light orange, black-ticked hackle; light red surface; light under-

color and no smut.

J2681—Light orange, black-ticked hackle; medium light red surface color;

medium under-color, somewhat mottled but no smut.

Male 1246—Very light in color.

Male 11206—Very light surface color, very light under-color, no smut.

In the dark line only one female was used as a breeder. She is described as

follows:

J544^—Orange, black-ticked hackle; dark red surface; medium under-color

and no smut.

Male H3164-—Dark black-ticked hackle, medium dark red surface, medium
under-color, no smut.

1930 Offspring

Using the same grouping for color as was applied in 1929, the 1930 progeny

were classed as follows with respect to plumage color:

Table 2.

—

Plumage Color.

Light Line Dark Line

Color

Males Females Males Females

Very light 10
Light 4 6

Medium 2 5 6

Dark 13
Standard

Total 7 11 19
The number of offspring in the last generation is very small. This is due to

decreased egg production reducing the number of breeding females selected,
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probably intensified by inbreeding. There is still considerable overlapping in

the two lines in the medium color-group, and the tendency for males to show
lighter plumage color than their sisters still persists.

Table 3.

—

Mean Hatchability and Annual Production of Three
Generations.

Mean Hatchability, Per Cent Annual Egg Production

Light Line Dark Line Light Line Dark Line

1928 58.5 69.8 229 218

1929 78.7 73.0 197 206

1930 83.0 50.0 197 180

The foimdation group of light-colored birds includes 29 individuals with

complete annual egg records. The mean for this group is 188 eggs, while the

foundation dark-colored group including 33 birds averaged 184 eggs. This

difference of four eggs is not statistically significant.

Hatchability of breeding females varied widely and not consistently in the

three seasons reported.

Annual egg production showed a significant decrease on successive generations

as might be anticipated as a concomitant of inbreeding.

PLUMAGE COLOR AND WINTER INTENSITY

The foundation females in the light and dark lines may be rougUy classed

into five groups with respect to surface plumage color of back. The accompany-
ing table gives the number of individual birds in each group and the mean winter

clutch size of the group. It will be observed that the light and dark lines overlap

in the medium group and that the mean clutch size in this group in the two lines

is essentially the same. A consistent decrease in winter clutch size with increased

color is observable in all classes with a significant number of birds. The fact

should be mentioned in this connection that the two individuals with the ex-

tremely large clutch size of 10.5 and 10.6 respectively, are in the very light

group. One individual of the dark line in the medium group showed a clutch

size of 9.3.

Foundation Females—1927

Table 4.

—

Surface Plumage Color of Back and Winter Clutch Size.

Color

Very light.

Light

Medium...

Dark
Standard...

Total..

1928 Generation

Complete records on plumage color of the progeny hatched in 1928 are not

available for study. Consequently, the relation of plumage color and clutch size

cannot be considered.

Light Line
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1929 Generation

A total of 55 pullets is available in the 1929 generation. These are classified

into five color groups and the mean clutcih size of the groups recorded in Table 5.

Table 5.

—

Plumage Color and Clutch Size.

Light Line Dark Line

Color

Number Clutch Size Number Clutch Size

Very light 2 3.75

Light 24 3.00

Medium 6 2.71 12 3.03

Dark 9 2.44

Standard 2 2.25

Total 32 23

These data are consistent, for an increase in degree of plumage color is reg-

ularly followed by a decrease in clutch size.

1930 Generation

Table 6 shows the same consistent relationship between clutch size and

degree of pigmentation as in previous generations. There is some evidence of

increased intensity in the dark line, and there is a tendency for medium shade

birds in the dark line to excel medium shade birds in the light line, especially

during the last two generations of this experiment.

Cole

Table 6.

—

Plumage Color and Clutch Size.

Light Line Dark Line

Very light

Light

Medium...

Dark
Standard..

Total.

Number Clutch Size

8 5.44

3 2.87

11

Number Clutch Size

7 3.79

1 2.40

8

Table 7 shows that the mean age at sexual maturity was slightly greater in

the dark line in all generations after the first. Mean winter clutch size of the

dark line was also below the light line in all generations. In mean winter pro-

duction the light line surpassed in all generations, except the last. In general

the data show some superiority of the light line over the dark line in winter in-

tensity. The superiority of the light line over the dark line in annual egg pro-

duction is not statistically significant in any generation and the light line cannot

be considered superior from the standpoint of fecunditj'.
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Table 7.—Mean Age at First Egg, Mean Winter Clutch, Mean Winter
Production, and Mean Annual Production in Two Lines Through Four

Generations.

Age at

Generation First Egg
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SUMMARY
Light and dark-colored lines of Rhode Island Reds were carried through four

generations to discover possible relations between intensity of laying and degree

of feather pigmentation.

Age at sexual maturity was slightly greater in the dark line.

Winter clutch size was smaller in the dark line in all generations.

The gene for smut appears to be independent of the genes for high winter

intensity.

The data show indirectly that deep plumage color occurs generally in slow-

maturing birds and that a developmental period greater than 215 days from

hatching to sexual maturity is required for the development of the deep shade

of pigment now demanded in exhibition Rhode Island Reds.

There is evidence that a medium shade of red is often accompanied by high

winter intensity.

Overlapping in shade of color frequently occurred between the darker indi-

viduals of the light line and the hghter individuals of the dark line.

Annual egg production was not significantly different in the two lines in any

generation.

Results of this experiment indicate that a medium shade of red is more typical

of a Rhode Island Red flock bred for high fecundity than a very dark or a very

light shade.
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HEREDITARY AND ENVIRONMENTAL FACTORS
AFFECTING VARIABILITY IN EGG PRODUCTION

By F. A. Hays, Research Professor of Poultry Husbandry

INTRODUCTION

It is a well-known fact that both hereditary and environmental influences

affect the number of eggs laid by a hen. Evidence is not conclusive on many
points, however, and experimental data have not been reported to furnish

information concerning the quantitative variation of specific fecundity traits

from generation to generation. There is at present an outstanding need of a

clear-cut distinction between the effects on fecundity of heritage and environ-

ment. Such a problem offers many difficulties, the most outstanding of which

is the lack of any measure of fecundity in males.

This report concerns itself with results obtained in carrying three lines of

birds through four generations. Consideration is given to variability in five

inherited fecundity characters; sexual maturity, intensity, winter pause dura-

tion, total days broody, and persistency.

The variability in winter and annual egg records is also reported. Such

environmental influences as hatching date, increase or decrease in body weight,

and daily house temperature are considered in relation to egg production and

the relative importance of each is discussed.

PLAN OF EXPERIMENT

1928 Matings

In the spring of 1928 three pens of yearUng hens were selected for this experi-

ment. Pen A consisted of six hens from three unrelated families mated to an

unrelated yearling male. The breeding females and the male were chosen with

special reference to uniformity within the family for age at first egg, length of

winter pause, intensity, days broody and persistency.

Pen B contained two unrelated yearling hens. These two hens came from

famihes that were especially uniform in annual egg records. The male used in

this pen was a half brother to one hen and not related to the other. His sisters

were very uniform in annual egg records.

Pen C included four yearling hens from three families that had very high

annual egg records. Three of the hens were half-sisters and the fourth was un-

related. These half sisters were mated to their half brother and the unrelated

hen was not related to this male.

1929 Matings

Selection of breeding stock in 1929 to produce generation three in Pen A
was on the basis already indicated, of family uniformity in the second genera-

tion of this line. Since pullet breeders were used, it was only possible to consider

in selection, age at sexual maturity, intensity and winter pause. The male was
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a yearling and was chosen according to stipulations for line A. Two of the pullet

breeders were not related to the male and one was his half sister.

The 1929 selection for line B consisted of two pullets, half sisters to each other,

selected from the previous generation. A yearling male from the preceding

generation and unrelated to the pullets was mated to them.

Pen C in 1929 contained two full sisters and these were mated to a yearling

male of the previous generation but unrelated to them.

1930 Matings

In line A for the 1930 matings, four pullets were bred from. Three of these

were half sisters to the cockerel used and one was his full sister.

Line B was made up of four pullet sisters mated to their full brother.

Line C carried one pullet mated to a cockerel. These birds were full brother

and sister.

In all cases where pullet breeders were made use of, selection of breeders was

limited to the characters of early maturity, winter pause and intensity, or to

egg production during the early months of the laying year. In this experiment

the most definite selection on the basis indicated was made on the parental

generation where all birds were yearlings. All birds were pedigreed Rhode
Island Reds.

Related Matings

The foundation stocks were hatched in 1926 and these were mated in 1928

to produce the second generation. Generations three and four were batched in

1929 and 1930, each from the previous generation pullets.

In line A the foundation male was not related to the foundation females

selected. The six females came from three unrelated families giving diversity of

ancestry in this line with no inbreeding in the second generation hatched in 1928.

The third generation hatched in 1929 came from three pullets mated to a yearling

male. Two of these pullets were not related to the male and the third was his

half-sister. There were 22 daughters produced, only four of which were from the

inbred mating. The fourth generation of 23 daughters was produced by mating

three pullet sisters to their half-brother and a fourth pullet half-sister to her

half-brother. This last generation is rather closely bred and may be compared

for variability with the first two generations which were not inbred.

In line B two foundation hens were used as breeders. They were not related

to each other, one was not related to the male used and the other was his half-

sister. This gave a second generation of 15 daughters, eight from the unrelated

mating and seven from the related mating. The third generation of 12 daughters

came from two half-sisters mated as pullets to an unrelated yearling male.

The fourth generation gave 19 daughters. Sixteen of these were from full brother-

sister matings and 3 from half brother-sister matings. The foundation females

in line B were unrelated and there was some inbreeding in the second generation,

none in the third generation and close inbreeding in the fourth generation.

Line C was founded by four yearling hens and a yearling male. Three of

these hens were half-sisters representing two families and the fourth was unre-

lated. The male was a half-brother to the three half-sisters and unrelated to

the other hen. The matings for 1929 were between two pullet full-sisters and an

imrelated yearling male. The fourth generation came from a single mating of a

cockerel and pullet that were full brother and sister giving only two daughters.
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In general, the degree of relationship increases in successive generations.

This method of breeding might be expected to reduce the amount of variability

for inherited characters in the later generations. There are no reasons to assume,

however, that inbreeding would reduce variability in egg records produced by
environmental influences.

VARIABILITY IN HEREDITARY CHARACTERS
AFFECTING FECUNDITY

The five hereditary (characters—age at sexual maturity, winter intensity,

winter pause, broodiness, and persistency—are known to have significant effects

on the annual egg records of the flock studied. Results of breeding for three

generations from three selected foundations may be studied with respect to varia-

bility in the above five characters and in winter and annual egg production.

Table 1 records the coefficients of variation of the four generations in this ex-

periment with respect to the five inherited characters and for winter and annual

egg records.

The check group is made up of 1695 birds hatched in the five years from 1925

to 1929. These birds compose the general flock being developed for high fecunditj^

and are used as checks on all records, except winter production. Flocks hatched

from 1916 to 1925 including 3867 birds furnish the check coefficient of variation

in winter egg production.

Table 1

—

Coefficients of Vari.\tion in Characters Affecting Fecundity

AND IN Winter and Annual Production.

Year
Hatched
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Age at First Egg

Line A had the lowest variabihty in age at sexual maturity in the first gen-

eration. The coefficients of variation in the three lines for the first generation

were 6.72, 12.09 and 8.63 per cent, respectively. The variability in age increased

in subsequent generations in line A and was greater in the fourth generation than

the normal of 10.64 per cent shown by the check group.

Line B showed a wider variation in age at first egg than the check group in

all generations, e.xcept the second. It is clearly evident that neither the method

of selecting breeders nor the degree of relationsliip reduced the age variability

in this line. In fact, 19 of the 22 daughters in the fourth generation actually

came from full brother-sister matings.

Line C exhibited a very significant reduction in variability of age at sexual

maturity in the last two generations. This line actually had a variability in the

fourth generation about half as great as the check group. The low variability

was evident in the third generation resulting from unrelated matings as well as

in the fourth generation from a brother-sister mating.

In general, these data indicate that non-heritable influences are constantly

operating to reduce or increase the age at sexual maturity in genetically early

pullets so that a reduction in age variability below 10 per cent by breeding

methods does not seem feasible. ]\Iore carefully controlled environmental con-

ditions are likely to reduce variability but the possibilities here are limited.

Intensity

Intensity is here measured by mean winter clutch size. The first generation

of females in lines A and B show a variability of intensity of about 60 per cent.

Line C has a variability of about 47 per cent in the first generation and is com-
parable with the check group. The results of breeding are shown in generations

two, three and four.

Line A was selected each year for imiform high intensity. It will be observed

that the clutch size showed a consistent decrease in variability with each genera-

tion and the last three generations are lower in variability than the check group.

Line B exhibited a high degree of uniformity in intensity in the second gen-

eration; but withoiit specific selection for uniformity generations three and four

show decreased uniformity.

Line C gave a highly significant decrease in variability in each succeeding

generation. The number of birds concerned in the last generation is too small to

give the zero value significance, however. Results in this line illu.strate that in

the selection of very high producers for breeding, the variability of winter in-

tensity is reduced. It is probable that almost every bird in the first generation

of this line carried both genes I and I' for high intensity and such a genetic make-
up should produce increased uniformity in succeeding generations.

The data point in general to the effect of inheritance upon uniformity of

intensity and demonstrate clearly that breeding is more important than environ-

ment in controlling variation in intensity.

Duration of Winter Pause

In duration of winter pause only birds ceasing to lay for four or more days in

the winter season are considered. Such birds presumably carry the dominant
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gene M. This being the case, no consistent lowering of variabihty in succeeding

generations might be anticipated as long as controllable environmental in-

fluences remain constant.

Table 1 shows that both lines A and C were highly variable in pause duration

in the first generation. The number of pause birds in line C is too small to give

a value for this line.

Line A had a consistent decrease in variability for length of pause in genera-

tions two, three and four. Line B did not decrease in variability in successive

generations and showed greater variability than the checks in the fourth genera-

tion. A sufficient number of birds with pause in line C occur only in the first

two generations. There is no significant change of variability in these two gen-

erations.

The records on variability in pause duration in line C suggest that there may
be minor hereditary factors modifying pause duration. More data are necessary

before definite conclusions may be drawn.

[
Days Broody

The sum of the non-productive days associated with broody periods during

the pullet laying year may be used as a measure of degree of broodiness. In this

report only birds exhibiting broodiness in the first laying year are considered.

Goodale, Sanborn and White (1920) off'er a two-factor hypothesis to explain the

presence or absence of the broody instinct, but the causes of variation in degree

of broodiness have not been reported.

Table 1 shows a large coefficient of variation for degree of broodiness in the

first generation for lines A and C. Line B included so few broody birds in the

first and second generations that the variation could not be determined.

In general, there appears to be a decline in variability in degree of broodiness

in two of the lines. Since breeding females were selected in each line for freedom

from broodiness, it seems probable also that there may be heritable modifiers

affecting degree of broodiness. Further data are being secured on this particular

point.

Persistency of Laying

Persistency is a character which, like age at sexual maturity, has a relatively

low variability. Generation one in lines A and B had very little variability.

Line C, however, gave a coefficient of variation in the first generation amounting

to 15.82 per cent, while the normal for the flock is 14.41 per cent.

In succeeding generations line A continued to increase in variability, strongly

suggesting that environmental influences were operating because selection of

breeders was based upon uniformity in the familj-.

Line B changed but little in variability of persistency in the last three gener-

ations, but there was a marked increase from the first to succeeding generations.

Line C began with high variability and there was a decrease with each gen-

eration to the very low constants of 3.98 and 4.58 per cent, respectively, in

generations three and fcjur. The probable explanation of this improved uniform-

ity lies in the fact that very high production is not possible without high per-

si.4ency, and in the selection of breeders on high annual egg records, the line

approached genetic purity for persistency.
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These data give evidence that in selection for uniformity in persistency in the

three Hnes, environmental forces appear to be more potent than heredity in

affecting variability in strains where most individuals carry gene P for high

persistency.

To sum up, the data presented in Table 1 concerning the variability of five

inherited characters affecting fecundity indicate the following: Age at first

egg in pullets is modified by environmental influences in a genetically early

maturing population so that there is a variation of about 10 per cent that is

not produced by hereditary differences. Winter intensity is highly variable,

and the response to selection for low variability in all three lines indicates that

the observed high varial)ility is largely due to genetic differences. The data

further point to the possibility of reducing the variation of intensity to a figure

comparable with age at sexual maturity. Winter pause duration is modified

but little by selection. Some evidence that degree of broodiness is governed by
hereditary factors appears. High persistency behaves like early sexual maturity

in that a moderate degree of variation occurs that does not appear to be genetic.

VARIATION IN WINTER PRODUCTION

Winter production depends largely upon the three inherited characters; age

at sexual maturity, winter pause and intensity. Line A was constantly selected

for uniformity in the above characters along with non-broodiness and high

persistency. Lines B and C were not selected for uniformity in these inherited

characters. \'ariation in winter egg records was not consistently reduced in any

of the lines, but all three lines were less variable than the check group.

VARIATION IN ANNUAL PRODUCTION

Annual egg records depend upon five inherited characters already indicated

as well as upon many environmental influences both controllable and otherwise.

Line A was selected for uniformity in inherited characters affecting fecundity,

line B was selected for uniformity of annual egg records, and line C was selected

for high egg records. All three lines were carried under the same environmental

conditions.

The data in Table 1 show that line C alone decreased in variability with

each generation. This fact would indicate that selection for high annual records

decreased the variation in annual records. The data as a whole show that both

heredity and environment are operating to affect variation in annual egg records.

ENVIRONMENTAL FACTORS IN RELATION TO VARIATION IN
ANNUAL PRODUCTION

Hatching Date

Birds used in this experiment were regularly hatched in eight weekly hatches

beginning JMarch 25. It is conceivable that these rather restricted hatching dates

may affect the variation in annual egg production because unequal numbers of

birds in the three lines were hatched on the same date.

In Table 2 the three lines are combined and the number of individuals hatched

on each date in each generation is recorded. The coefficients of variation of the

mean production records of each hatch are recorded in the four generations to

serve as a rough measure of variation in production attributable to differences

in hatching dates.
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T.\BLE 2—H.VTCHING D.\TE IN RELATION TO ANNUAL PRODUCTION.

(Lines A, B, and C combined.)



Table 3-

VARIABILITY IN EGG PRODUCTION

-Body Weight Increase or Decrease in Relation to
Annual Production.

Gener-
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Chart 1. Relation of House Temperature to Egg Production, 1926-27.
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Chart 2. Relation of House Temperature to Egg Production, 1928-29.

The flocks included in the four years reported do not show any clean-cut

response in production to house temperature changes. The data do indicate,

however, that a house temperature near the freezing point was accompanied by

decreased production in three years out of four in the month of January. In

the summer season there is evidence that house temperatures above 70° react
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unfavorably on egg production. Production responses to temperature changes

seem to follow soon after the temperature changes. On the whole, the effects of

variation in house temperature on variation in egg production are not very sig-

nificant for the birds studied, and house temperature may be placed among the

minor causes of variabihty in production.
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Chart 3. Relation of House Temperature to Egg Production, 1929-30.
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Chart 4. Relation of House Temperature to Egg Production, 1930-31
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SUMMARY

Three lines were established, each on a different selection basis: Line A,

for uniformity in inherited characters affecting fecundity; Line B, for uniformity

of annual egg records; and Line C, for high annual records. Each line was carried

through four generations to study variability of inherited characters affecting

fecundity and the effect of some environmental influences upon variability in

egg production.

Age at se.xual maturity shows a coefficient of variation of about 10 per cent

produced by environment in birds of the same genetic constitution for sexual

maturity.

Winter intensity is highly variable in a flock, due to genetic differences. In

this experiment the variability was greatly reduced by selection of breeders in

four generations. There is no evidence to indicate that environment influences

clutch size.

Winter pause duration may be reduced by constant selection and is also

greatly affected by environmental influences.

There is evidence that degree of broodiness measured by total days broody

may be influenced by hereditary modifiers.

Persistency shows a variation of about 10 per cent that may be ascribed to

environmental influences.

Variability in winter egg production decreased only in Line C, and increased

inbreeding in successive generations did not reduce the variation in winter egg

records.

Variation in annual egg records was less in Lines B and C than in Line A.

Differences in hatching dates are responsible for about 7 per cent of the varia-

tion in annual egg records.

Neither increase nor decrease in body weight of the pullets during the laying

year affected the annual egg records.

House temperature near the freezing point reduces egg production; house

temperatures above 70 to 75° may perceptibly reduce production; and produc-

tion changes are likely to follow soon after temperature changes.
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THE STORY OF FIELD A OF THE
MASSACHUSETTS

AGRICULTURAL EXPERIMENT STATION

A REVIEW OF EXPERIMENTS WITH NITROGEN FERTILIZERS

By Fred W. Morse, Research Professor of Chemistry

Field A is the field first to be devoted to fertilizer experiments at the Massa

chusetts Agricultural Experiment Station. The experiments have been described

with more or less detail in the annual reports of the Station. It is now attempted

to bring together the disconnected reports and summarize the results in a rela-

tively brief article as a background for future work on these plots.

A clear description of the field is given in excerpts from the report by Pro-

fessor Manly Miles in the First Annual Report of the State Agricultural Experi-

ment Station in 1883.

THE FIELD PLATS

After a careful examination of the area assigned for field experiments and a detailed study of

its previous history as to cropping, with reference to its present agricultural condition—in which

I was materially aided by the advice and suggestions that were kindly given by Hon. Levi Stock-

bridge, ex-president of the Agricultural College—two series of plats were selected that presented

the required conditions of uniformity and surface soil and exposure.

When the trenches for laying the tiles had been dug, it was likewise found that the subsoil

in each series of plats was quite as uniform in its characteristics as the surface soil

The plats are two rods wide and eight rods long, giving an area of one-tenth of an acre each. . . .

The east tier of plats (with odd numbers') have been under ordinary field culture, and for several

years past in grass, which is badly "run out," the hay having been removed without the return of

an equivalent in the form of manure; so that their present condition, as represented by their

past history, is well adapted to the proposed permanent experiments

A main drain of round tiles laid four feet deep has been made along the east side .... (four

feet from the line of plats), with wells of sewer pipe opposite the middle of each plat, for the pur-

pose of collecting samples of the drainage waters from the lateral drains which open into them. . . .

The laterals, of two-inch round tiles, are laid through the middle of eacli plat, and have their

outlet in the wells twelve inches above the grade of the main drain

The work of digging trenches for the tile drains was begun April IGth, and the laterals on the

east tier of plats were completed May 10th

.. . EXPERIMENTS WITH INDIAN CORN

In accordance with the plan of experiments, . . . corn was grown on the east series of plats ....

without manure, and under the same conditions as to management, for the purpose of testing the

relative fertility of the plats. . . . The plats, of one-tenth of an acre each, are two rods wide and

eight rods long, and they are separated by a space four feet wide, on which no crop is grown.

The soil is a friable loam, with a retentive subsoil of clay that is nearly filled with gravel and

small stones in the lower strata.^

There is a remarkable uniformity in the soil and subsoil of the different plats, both as to ap-

parent fertility and physical condition, with the exception of plat 0, where a large manure pile

had formerly been made
In all operations of ploughing, cultivating, planting, hoeing and harvesting, the work was

done lengthwise of the field, and consequently across the plats, so that each plat received the same

treatment, as far as possible

I Later renumbered 1 to 10 and designated Field A.

' The Bureau of Soils classified this soil as Norfolk sandy loam but changed it later to Merrimac.
"Soils of the United States." U. S. Dept. Agr., Bur. Soils, Bui. 55, p. 158.
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"Longfellow corn" was planted June 2, in hills, forty-four inches apart each way .... As the

first and second days of June were the fir-^^t really warm days of the season, the late planting did

not at the time seem to be a serious disadvantage

The plats were quite free from weeds on the start, and the repeated cultivation and hoeing

left the crop perfectly clean in its subsequent growth.

On the night of September 3 a hard frost severely injured the corn .... as we were dependent

on the farm for labor, we were obliged to wait until the 7th inst., when the crop was cut close to

the ground and put in stooks to cure The corn was husked October IS . ... The corn and

stalks were hauled to the barn and separately weighed

It should be noted that from an error in marking and planting, made by the unskilled hands

assigned me, it became necessary to transplant several rows of corn on plats 13, 15 and 17,' ....

the transplanted hills were checked in their growth and never fully matured. This will, in part

at least, account for the lower yield of both corn and stalks on these plat.s.

Professor Miles was not connected with the experiments after the first year.

The arrangement of the plots and the drains has been unchanged and the method

of cultivation across the plots has been maintained. Until 1896, the experiments

were directed and reported by Dr. Charles A. Goessmann, the first director of

the Experiment Station. In 1884 he reported:

During the past season the field has been planted again with corn, for corn fodder, without

the application of manure of any description the corn (variety: Clark) was planted in drills,

two and one-half feet apart, at the rate of two bushels per acre, on the 24th of May .... The plants

started well in the spring, yet began soon to fall behind, in general appearance, other fodder corn-

fields in the vicinity, upon fertilized lands.

At the beginning of blooming it turned gradually yellow, failed to produce grain-bearing

cobs

The corn was cut on the first of September and stacked in the field for drying. The entire

yield of corn fodder from this piece of land, one and one-tenth of an acre in size, amounted to

5,040 pounds, with a moisture of thirty per cent.

The soil is evidently in suitable condition for studying the special effects of various forms and

kinds of plant food ....

SOIL AND FERTILIZER TEST WITH CORN

Corn was the crop grown for the next five years upon these plots. A variety

of flint corn known as Clark was used each year, and the seed was planted in

hills 12 to 14 inches apart in rows 3 feet and 3 inches apart. The time of planting

was in the latter part of May each year, and the crop was cut in the earlier part

of September. Under the conditions of the ex-periinent, until the season of 1889,

the corn did not mature ears sufficiently to be husked and was consequently

weighed from each of the plots as fodder, after being cured in shocks until October.

The use of fertilizers was begun in 1885. The amount of each fertihzer and its

allocation to the different plots was varied somewhat each year until 1889.

The arrangement of plots and their fertilizers is shown by a chart and the yields

of corn are given in Table 1.

The table includes the yields for 1883 but omits those of 1884 because in that

year the crop from the field was weighed as a whole and then divided equally

among the plots. The amount, 458 pounds per plot, was less than any yield of

the previous year.

Only one kind of fertilizer was used upon any plot in 1885, and Plot of the

previous years was omitted from the records until 1889.

» In Table 1, these plats are numbered 7, 8, and 9.
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Fertilizer Plan with Corn
1885-1888

Plot
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since the field was first plowed in 1883. Ail the other plots received equal amounts
of nitrogen, but in different kinds of fertilizers. Plot was again included. For

this year it is sufficient e.xplanation to mention that all the plots received fer-

tilizers supplj'ing phosphoric acid and potash in amounts like those of 1885,

while all but three received nitrogen as in that year.

We have then a crop of corn liberally fertilized which can be compared with

the first crop on immanured soil. It will be noted that not one of the plots

equals the first year, with the exception of 10, which in total crop barely exceeds

its first year. In all cases the yields of ears are lower in this fertilized crop. The
crop of 1883 was grown upon new land, even though it was "run out" as a pro-

ducer of hay. The turf underlying that corn evidently contained a reservoir of

fertility fully equal to that added in the fertilizers of 1889. The poor yields on

Plots 4, 7, and 9 are especially striking and will be recalled later in this article.

In the report for 1889, there is the statement that the larger part of the late

summer was cold and wet and for this reason unfavorable for raising fodder corn.

A difference in average temperature between the two seasons would affect the

development of the corn crop in a way that could not be wholly overcome by

fertilizers. The first crop was frost-bitten early in September, which would cause

a quickened drying of the leaves and possible losses by breakage of them in

handling. Hence we have in each season under comparison a weather condition

which cannot be evaluated in weight of crop.

During the recorded history of this field there have occurred variables which

have affected the field unevenly for a tim^e. The most common variables were

weather conditions such as a drenching rain at a critical stage, an unseasonable

frost, a severe drought, or a hard winter. Theoretically, all parts of a field are

equally exposed to the weather. Actually, variations in soil or fertilizers are

much exaggerated by an e.xtreme change in weather. Sometimes the variable

was due to the lack of facilities encountered in pioneer work as in these early

e.xperiments.

It is now well known that it is difficult to find a field of an acre or more that

is truly uniform in soil and subsoil throughout its area. This experimental field,

like the experiment station itself, has developed under changing conditions

which could not be foreseen and to which adjustments were necessary.

COMPARISON OF NITROGEN FERTILIZERS

Beginning in 1889 and continuing with but little change until 1919, a fer-

tilizer ex-periment was planned with the object of comparing three distinct kinds

of nitrogen fertilizers represented by the standard chemicals of that period, viz.,

sodium nitrate, ammonium sulfate, and dried blood. The other essential elements

of soil fertility, phosphoric acid and potash, were supplied to all plots alike in

standard chemicals of the times. Phosphoric acid was contained in dissolved

boneblack. Potash was applied in two distinctly different compounds, muriate

of potash and sulfate of potash-magnesia. In the long run this comparison of

two potash compounds showed them to be equally effective and cannot be said

to have influenced the comparison of the nitrogen fertilizers.

The quantities of chemicals for the different plots are given in the following

chart. In terms of poimds per acre they would contain 45 pounds nitrogen, 80

pounds available phosphoric acid, and 125 pounds potash. In 1894 and 1895 the

quantities of phosphoric acid and potash were doubled but with no appreciable
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effect. In 1917, because of war conditions, the quantity of potash was reduced

40 per cent to 75 pounds per acre and the reduction was maintained until the

close of this study.

Fertilizer Plan for Thirty Years

1889-1918

Plot 0.—800 lbs. manure, 32 lbs. sulfate of potash-magnesia, 18 lbs. dissolved boneblack.

Plot 1.—29 lbs. sodium nitrate, 25 lbs. muriate of potash, 50 lbs. dissolved boneblack.

Plot 2.—29 lbs. sodium nitrate, 48.5 lbs. sulfate of potash-magnesia, 50 lbs. dissolved boneblack.

Plot 3.—43 lbs. dried blood, 25 lbs. muriate of potash, 50 lbs. dissolved boneblack.

Plot 4.—No nitrogen, 48.5 lbs. sulfate of potash-magnesia, 50 lbs. dissolved boneblack.

Plot 5.—22.5 lbs. ammonium sulfate, 48.5 lbs. sulfate of potash-magnesia, 50 lbs. dissolved bone-

black.

Plot 6.—22.5 lbs. ammonium sulfate, 25 lbs. muriate of potash, 50 lbs. dissolved boneblack.

Plot 7.—No nitrogen, 25 lbs. muriate of potash, 50 lbs. dissolved boneblack.

Plot 8.—22.5 lbs. ammonium sulfate, 25 lbs. muriate of potash, 50 lbs. dissolved boneblack.

Plot 9.—No nitrogen, 25 lbs. muriate of potash, 50 lbs. dissolved boneblack.

Plot 10.—43 lbs. dried blood, 48.5 lbs. sulfate of potash-magnesia, 50 lbs. dissolved boneblack.

The arrangement of plots for the comparison of the fertilizers was influenced

by the treatment they had received in the previous period, and at the outset

the diiTerent plots were not as nearly uniform in their fertility as they apparently

were in 1883.

Plot had been omitted from the experiment after 1884 because it showed

the residual effects of a manure pile which had been upon its surface at some

previous period. During this omission from the records it had probably been

planted with corn without fertilizer. It was restored to the experiment in 1889

and was fertilized with stable manure supplemented by boneblack and sulfates

of potash and magnesia. The amount of manure, 800 pounds, was calculated

from the average composition determined by numerous analyses and contained

an amount of nitrogen equal to that in the chemical fertilizers used. The supple-

mentary phosphoric acid and potash were necessary to equalize Plot with the

other plots. This plot was the only representation of this treatment and must

stand on one annual result.

Plots 1 and 2 were selected for nitrate of soda because they had each received

that fertilizer at one time or another in the previous years. They adjoined and

were frequently fairly close together in yields. In 13 j^ears out of 33, their in-

dividual yields were within 1 per cent or less of their average. Plot 1 definitely

excelled Plot 2 in 14 harvests, while the latter excelled in 6.

Plot 3, which received dried blood in the new plan, had also been dressed

repeatedly with it alone in the previous years. It was paired with Plot 10 at the

other end of the field. In the subsequent years, Plot 10 excelled Plot 3 in 15

harvests, while it was excelled by the latter 13 times. In five seasons, their

yields were so nearly alike that they may be considered as equal.
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Plots 4, 7, and 9 were selected as check plots because they had not received

any nitrogen during the preceding years. Otherwise they had not been treated

alike and had yielded different weights of crops. Their records have been care-

fully compared to ascertain whether there were consistent differences in their

native fertility; but none could be discovered. Sometimes one plot has been the

best of the three and at others it has been the poorest. Plot 7 has been the

highest producer 12 times and the lowest 8 times; while Plot 4 has been highest

14 times and lowest 15 times; and Plot 9 highest 7 and lowest 10 times. Plot 9

may perhaps be considered nearest the average as a producer.

On the whole, the choice of Field A as a reasonably uniform field has been

borne out by the successive harvests.

The three plots which were chosen for the applications of ammonium sulfate

had an uneven start insofar as their records for the early years bear witness.

Plots 5 and 8 had each received ammonium sulfate, but otherwise had been

treated quite unlike and had borne unequal harvests. Plot 6 had been treated

unlike any of the others for three years and this will be shown by Director Goess-

mann's report for 1888.

.... during the years 18S5, 1886 and 1887, the plat was ploughed, harrowed and treated with

the cultivator in the same manner and at the same time as the remaining plats. During that

entire period no manurial matter of any description was applied. The appearance of every descrip-

tion of vegetation was, as far as practicable, prevented by a timely use of the cultivator.

At the beginning of the past season, after having produced no crop for three succeeding years,

it was prepared in the same way and at the same time as the other plats No manurial matter

was on that occasion applied to plat 6. The date of planting the corn, and the subsequent treat-

ment of the crop to the time of harvesting, was the same in all cases. The yield of fodder corn

upon plat 6 was the third lowest in the scale including all plats; .... It was also the poorest-

looking crop upon field "A" during the larger portion of the season .... Our observation in this

connection confirms the results of more recent careful investigations into older systems of agri-

cultural practice. Black fallow, as a rule, does not materially benefit the productiveness of an

exhausted soil

These three plots had one thing in common in 1889, the first year of the new

series. They had deteriorated markedly from their yields in 1883.

Plots 5 and 6 adjoined like Plots 1 and 2 and each had a check plot without

nitrogen beside it. Plot 8 was separated from the other two by a check plot and

had a check plot on the other side also. For years the individual yields of these

plots were erratic. Sometimes one of the plots would yield less than the plot

without nitrogen, which was beside it. Ultimately, the problem was solved.

Bulletin 204 of this experiment station is devoted to these three plots in com-

parison with those without nitrogen, but the data will be included in this study.

Interest in fertilizers is centered primarily in their effects on plants, the

measure of which is the yield by weight or volume of the portions of plants that

have economic importance. The dearest presentation of a mass of data accu-

mulated over a long term of years from a variety of crops is acconi])lished l)y

grouping together the annual yields of one kind of crop and comparing the

relative effects of the different fertilizers season by season.

Oats

Oats constitute the first group of crops because oats in 1890 were the first

crop to follow the corn crop of 1889. Winter rye followed in 1891. Then in

1892 began a rotation in which soy beans alternated with oats for several years
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with the object of building up the plots that did not receive nitrogen in fertihzer,

because it had become definitely established that leguminous plants, of which

the soy bean was one type, were able to use nitrogen from the air for their growth

and their stubble and roots would thereby enrich the soil with the nitrogen

contained in them. Consequently, the oat crops of 1893, 1895, and 1897 fol-

lowed soy beans, the roots and stubble of which were left in the soil.

The effect of the first soy bean crop appeared beneficial, especially in the pro-

duction of oat straw which was double the quantity produced in 1890. Nitrogen

is regarded as a promoter of vegetation rather than fruit. The Plots 4, 7, and 9

were especially improved in both straw and grain.

The crop of 1895 showed no gains over 1893 in production of straw, except on

Plot 8. This plot had received a dressing of 200 pounds of air-slaked lime the

year before, which stimulated a larger yield of so}' beans and apparently increased

vegetation in the oats of this year. The yield of grain was larger than in 1893

on 8 of the plots, which included all the different kinds of fertilizer.

In 1897, the production of straw decreased on all but the nitrate plots, 1 and

2, and the yields of grain were less on all but Plot 8. Plots 4, 7, and 9 had shrunk

in both grain and straw to a lower point than in 1890. The rotation with soy beans

had not resulted in any permanent improvement in soil fertility.

Before sowing the oats in 1898, the entire field was limed with approximately

2000 pounds per acre of freshly slaked lime. The yields on all plots were much
lower than in 1897 and excepting Plot 8 even less than in 1890. This is similar

to the result of repeated crops of corn ending in 1889.

Table 2

—

Yield of Oats
(Pounds per plot.)
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carbonate in the soil in order to be most productive as a nitrogen fertilizer.

The other kinds may or may not be more efficient in the presence of lime. During
the years of this comparison of nitrogen fertilizers, ammonium sulfate did not

uniformly have the conditions for good results. In some seasons, the material

seemed to have been positively injurious. Therefore, for the purpose of this

review the best two yields in each year are averaged for comparison with nitrate

and blood.

The crops of oats in this group consisted of two distinct parts, grain and straw.

The total of the two weights will be used as the standard for rating the different

fertilizers, because nitrogen is especially effective in promoting growth. In this

group of crops there were but two instances where grain and straw had to be

combined for comparison. Ammonium sulfate was foremost in productiveness

in 1890, 1895, and 1898. Sodimn nitrate led in 1897 and blood was ahead in 1893.

Manure was least effective. The ratio of grain to straw varied from year to year,

being widest in 1893, the maximum year of both grain and straw, and narrowest

in the year of least production, 1898. While variety of seed oats was changed

from ye4ir to year, the trend of grain to straw indicated that a generous develop-

ment of stem and leaf was necessary for a big crop of grain. There was no con-

stant difference in ratios that could be attributed to any one nitrogen fertilizer,

but the check plots without nitrogen had narrower ratios of grain to straw than

any of the plots with nitrogen, which accords with the trend of the years.

Soy Beans

The next group of crops is soy beans, and consists of two subgroups. The

crops of 1892, 1894, and 1896 were alternated with the oats previously discussed.

A different variety was planted each year and the crop was cut for the silo and

weighed green. The first crop was a late variety and did not reach the blossom

stage. The second crop was an early variety and bore pods at harvest time.

The third crop was a medium season type and was well filled with pods but was

a much larger type of plant than the earlj' one of 1894.

The most striking yields in these three crops are those without nitrogen.

Soy beans were not apparently accomplishing much at obtaining nitrogen from

the air. This was possibly due to the lack of the specific bacteria in the soil at

this period, since soy beans had been introduced only a few years before.

The behavior of Plot 8 illustrates the benefit of lime as an accompaniment

with ammonium sulfate. No better than plots without nitrogen in 1892, it re-

sponded to the liming of 1894, which carried it to the highest standing of all in

1896. Why Plot 8 was most frequently the least productive of the three plots

treated with ammonium sulfate has never been solved.

Plot 10, supplied with nitrogen in dried blood, was apparently no better than

the plots without nitrogen in 1892. In the report for that year, the suggestion

was made that this might have been due to a scanty seeding, as it was the first

plot to be sown with the seed drill.

The crops of 1901 and 1903 were preceded and followed by potatoes. The soy

beans were matured and separated into seed and straw. Soy beans continued

to respond to nitrogen fertilizers although by now the soil had become well

inoculated with their specific bacteria. Dr. Brooks states in his report for 1901:

The development of nodules upon the roots of the crop this year was very abundant. Tn ppite

of this fact, . . . the crop on the no-nitrogen plots stands considerably below that on the other plots.
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The inferiority of the crop of 1903 was due to the season, which was reported

to be "highly unfavorable to the growth of the crop, which is one requiring

protracted warm weather."

The relative effectiveness of the different nitrogen fertilizers is again difficult

to measure. In the first year, 1892, the nitrate plots stood out as superior; but

after Plot 8 was hmed in 1894, the two best ammonia plots exceeded the nitrate

plots both in that year and in 1896. In the matured crops of 1901 and 1903, the

manure plot was slightly superior to the average of any other pair of plots. The

ammonia plots in 1903 appeared to have lost the benefit of the liming, which aU

plots received five years earlier in 1898.

Brooks mentioned an interesting observation about the nitrate plots in his

report for 1903:

It has been repeatedly noticed that where nitrate of soda is the source of nitrogen, the leaves,

especially in the early stages of growth, assume a crinkled or wrinkled appearance, and fail to

reach full size and normal development As the season advances, the soy bean plants as a

rule show a more normal leaf development; and, although the crinkling this season was excessive,

the yield on the nitrate of soda plots does not appear to have been materially decreased, as a

consequence.

The ratio of seed to straw was nearly constant for the crops on manure,

nitrate, and organic nitrogen plots, 1 : 1.41-1.45. Ammonia gave a wider ratio,

1.61 and 1.57, while mthout nitrogen the ratio varied from 1.50 to 1.67.

Soy beans, although a legume, were always benefited by nitrogen fertilizers;

but no one of them was consistently most efficient.

Table 3

—

Yield of Soy Beans

(Pounds per plot.)

Plot
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bean stubble as residual organic matter. The fourth crop, in 1917, followed a

heavy crop of Japanese millet which leaves a thick stubble and root mass, but

presumably not as rich in nitrogen as the clover sod.

The crop of 1900 shows the value of a clover sod as a store of nitrogen. The
plots without nitrogen, 4, 7, and 9, equal several of the plots which received those

fertilizers, although the average yield is slightly lower than the other averages.

The manure plot exceeds any of the averages.

The crop of 1902 was produced from two distinct varieties of seed; Plots 0,

1, 2, and part of 3 received a wholly different variety of seed from that used for

the other plots. This may have caused the lower yields on these plots when com-

pared with the rest of the field. Manure was noticeably superior to nitrate.

Organic nitrogen was superior to ammonia, which at best was little better than

no nitrogen.

In 1904, the manure plot again excelled all other plots. Ammonia again was

little if any better than no nitrogen. Soj^ bean stubble is not equal to a clover

sod as a supply of nitrogen for a following crop. Ammonium sulfate showed

lack of accompanying lime. Plot 10 needs the following note, made in the re-

port for 1904:

.... the potatoes on this plot were covered by hand, while those on the other plots were covered

by the use of the plow. The potatoes on this plot came up much more quickly and more vigor-

ously than those on the others, and showed decided superiority in growth from the start.

The crop of 1917 was much superior to the crops of the earlier years, which

may have been due to the abundant residual organic matter from the millet

stubble. Brooks mentioned the value of organic matter in the soil for potatoes

in his report on the crop of 1904, as follows:

Experiments in continuous potato culture .... have shown in a striking manner the dependence

of this crop upon the presence of a suitable proportion of organic matter in the soil.

Nitrate plots were definitely superior to the others, and organic nitrogen

was not far behind.

These important results stand out with the potato crops here grouped:

Nitrogen fertilizers were of comparatively little value following a clover sod;

manure was superior to chemicals when the soil lacked organic matter; soy bean

stubble was ineffective as a source of nitrogen.

Table 4

—

Yield of Potatoes

(Pounds per plot.)

Plot
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Hay

Several crops of hay were produced in these experiments, but not in system-

atic rotation with other crops. Numerous efforts to secure a crop of clover are

mentioned in the records of the field but repeatedly the stand was so reduced by
winterkilling that the remaining plants were plowed under in the spring and an

annual crop was substituted. The first hay crop reported was in 1899. Red
clover had been sown after a crop of oats late in the previous August. The field

had been limed before the oats were sown and the catch of clover was successful.

The winter of 1898-99, however, injured it somewhat; April and May were un-

usually dry and the first crop was small. The season was favorable for the

second cutting, which was made August 21. Considerable grass had appeared

in all plots. Both crops are combined in the table.

Although limed the previous year, the ammonia plots were inferior to the

other nitrogen plots. Manure produced the best crop.

The years 1907, 1908, 1909, and 1910 were devoted to attempts to grow

clover. The field had been limed at the rate of one ton per acre in 1905. Peas

and oats in that j^ear and corn in 1906 had been the preceding crops. Alsike

clover was sown in the corn. In April, 1907, additional alsike clover seed was

sown. Two cuttings were made, July 17 and October 7, the second of which was

small. The field was carried over to the next season, when in May, 1908, the rec-

ords state that grasses were replacing clover and at the time of cutting, July 1,

the plots contained mostly timothy and very little clover.

After the hay was removed, the field was plowed and harrowed. Alsike

clover was sown on August 20. Late in November, there was a fairly uniform

but thin stand of clover.

The crop of 1909 consisted principally of alsike clover, except on Plots 5, 6,

and 8, where by actual weights the crops were half weeds, mainly sorrel. The

field was plowed after the removal of the hay and on August 7 alsike clover was

again sown. Previous to the seeding, an application of agricultural lime had been

made to the east half of the field at the rate of 2500 pounds per acre.

In April, 1910, all plots had a good stand, but there was considerable grass

mixed with the clover. As the season advanced timothy overtopped the clover.

The hay was harvested on July 9.

These four seasons were notable for severe droughts during the growing

season and a scanty rainfall for each year. The nitrate plots bore the heaviest

crops in 1907; organic nitrogen gave a little the best yields in 1908; the two kinds

were about equal in 1909; and in 1910, the ammonia plots responded to lime by

practically equaling the other nitrogen plots in yields.

The crop of 1915 was seeded in the spring of 1914 with oats as a nurse crop.

A mixture of timothy, red top, and red clover was used. After the removal of

the oats, the clover predominated over the grasses, especially on the limed

halves of the plots. The crop was not cut in the fall but permitted to remain as

a protection to the roots. In the spring of 1915, the plots had passed the winter

in excellent condition. Clover predominated except on the unlimed halves of

ammonia Plots 5, 6, and 8, where red top constituted about half the crop.

The first cutting was made June 18, and the second on August 20. The

season had been unusually dry in May, normal in June, and abundantly moist

in July and August. Organic nitrogen and ammonia plots averaged nearly alike

in productiveness and exceeded the average of the two nitrate plots.
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Table 5

—

Yield of Hay
(Pounds per plot.)

Plot
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Some minor changes were made in the appHcations of fertilizers and lime in

1919. Up to this time, dissolved boneblack had been used continuously as the

phosphoric acid fertilizer and dried blood as the organic nitrogen fertilizer.

Both were no longer in common use. Acid phosphate, or plain superphosphate

as dissolved rock phosphate was called, was now the standard source of phosphoric

acid and was substituted for the boneblack. Dried blood was now in demand as

a food for calves and pigs. A new synthetic nitrogen fertilizer, cyanamid, was
introduced on Plot 3; and a standard organic substance, ground fish, was sub-

stituted on Plot 10. The application of fish carried with the nitrogen a small addi-

tion of phosphoric acid, which was ignored because there had always appeared

to be a surplus of that plant food and the phosphoric acid in fish was less soluble

than that yielded by superphosphate.

Lime had been liberally applied on the east half of everj^ plot, and with most
crops there was a sharp demarcation between the unlimed and limed areas. But
a comparison of yield between the two halves was unfair because the east side of

the field was definitely, though slightly, moister than the west half. In 1919,

one ton per acre of ground limestone was applied to the north half of each plot

except Plot 6 and Plot 8. These were duplicate plots with ammonium sulfate

and it was deemed to be a better comparison of the value of lime as an accom-

paniment to ammonium sulfate with Plot 8 limed throughout and Plot 6 left

without any addition.

The change in sources of phosphoric acid and organic nitrogen did not appear

to alter the relative standing of the different fertilizers.

The proportions of weights of ears to weights of stover in the different corn

crops indicate that the addition of nitrogen promoted the development of ears.

In 1883, the first year of these experiments, Longfellow flint corn was grown

without fertilizer; the yields were fairly uniform on all the plots and the ratio of

ears to stover averaged 1 : 1.8.

In 1889, the first year of the comparison of nitrogen fertilizers. Plots 7 and 9

without nitrogen bore small quantities of ears, while the weights of stover were

equal to those on the nitrogen plots. The proportions of ears to stover on 7 and

9 were respectively 1 : 12 and 1 : 7, while the crops on the nitrogen plots had an

average ratio of 1 : 2.3. Plot 4, also without nitrogen, differed somewhat from

Plots 7 and 9. Its crop was somewhat heavier in weight of ears, but much less

in stover, and the ratio was 1 : 3.

Plot 4 had been without fertilizer of any kind until 1889, while Plot 7 had

received phosphoric acid and potash, and Plot 9 had received potash. Plot 4

had borne about one-third as much fodder as had been produced on 7 and 9,

due to the lack of available potash. In 1889, the latter plots had exhausted

their soil nitrogen more than Plot 4, while accumulating available potash. The
failure to produce ears when nitrogen is lacking was noticeable. The need of

potash to produce growth was also apparent.

Subsequent corn crops corroborated the relation of nitrogen to ear produc-

tion. Rustler dent com was grown in 1906, 1911, and 1912. The crop of 1911

was grown upon a clover sod, which supplied all the nitrogen that the different

plots needed, and the proportions of ears to stover were nearly uniform around

1 : 0.9. The following year, 1912, the ratios separated a little and averaged

1 : 0.85 with the nitrogen plots and 1 : 1.05 for the plots without nitrogen. The
crop of 1906 had wider differences between the two groups of plots, with an

average ratio 1 : 1.1 for the nitrogen plots and 1 : 1.7 for the other group.
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Longfellow flint corn was planted in 1918 and 1919. In the former year, ratios

of ears to stover were transposed. The average for the nitrogen plots was 1 : 1.6

and for the plots without nitrogen the ratio was 1 : 1.4. Plots 7 and 9 in 1919

returned to the usual form. The average ratio of all nitrogen plots was 1 : 1,

while the ratio was 1 : 1.2 for those two plots. Plot 4 was quite out of line,

with a larger weight of ears than of stover. The weather conditions in 1918

were unusually hot and dry in July and August with the latter month slightly

hotter than the former. Lack of water lessened growth on plots without nitrogen

and produced an abnormal proportion of ears and stover.
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Japanese millet was seeded in 1913 and cut for hay. The Hming of one-half

of each plot brought the ammonia plots to the front in yield, with organic nitro-

gen a good second. This kind of millet was grown in 1916 and was matured and
separated into seed and straw. The conditions were somewhat unlike those of

1913, when the millet followed two successive crops of corn. This year, the millet

had been preceded in 1915 by an exceptionally good clover crop, the sod of which

had been plowed under and on which potatoes had been planted before sowing

the millet. Defective seed caused a very uneven stand of potatoes, which were

plowed under and the millet substituted.

Estimation of the efftciency of the different nitrogen fertilizers was puzzling.

Manure produced the highest yield of seed, while ammonia plots 6 and 8 bore

the smallest quantity. But total crop of seed and straw were practically equal.

Nitrate plots and organic nitrogen plots bore a similar relation to one another.

Plots without nitrogen were nearly as good in yield as those with nitrogen.

There may be noted in this crop the influence of the previous clover crop on the

nitrogen supply by the narrow gap between the plots without nitrogen and

those with it.

Table 7

—

Yield of Miscellaneous Crops
(Pounds per plot.)
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The crops are estimated to have removed from each of the plots receiving

sodium nitrate, 228 pounds of nitrogen, while they had each received a total of

148.5 pounds of that element, or 79.5 poimds less than the crops removed. The
amount of nitrogen carried away from each of the plots that did not receive any
was 174 pounds, which is tlouble the deficit of nitrogen on the sodium nitrate

plots; therefore it appears that the latter plots received at least as much nitro-

gen as the crops could use. The crops on other forms of nitrogen fertilizers as a

whole did not remove as much nitrogen as those grown on sodium nitrate.

The amounts of phosphoric acid and potash that were applied to these plots

were assumed to be more than enough to supply the crops that could be grown

with the nitrogen used. The amounts of these elements removed in the different

crops have been calculated in order to learn whether there was any shortage of

either at any time.

It was found that the heaviest yield of hay in 1910 removed 13.5 pounds

potash and 3.7 pounds phosphoric acid; Japanese millet in 1913 carried away

19.3 pounds potash and 2.9 pounds phosphoric acid; clover in 1915 contained

20.5 pounds potash and 4 pounds phosphoric acid.

The yearly application of chemicals contained 12.5 pounds potash and 8

pounds phosphoric acid for each plot. There is no doubt that the latter was

supplied in plenty. With regard to potash, the majority of harvests removed

much less than was applied; for example, the largest crop of oats contained 7.5

pounds potash, corn removed 9 pounds potash, four successive crops of hay,

1907, 1908, 1909, and 1910, removed 43 pounds potash and 50 pounds were ap-

plied. Since potash is not leached readily from the soil, as a rule there was a sur-

plus of it present for the occasional heavy demand.

Measured by crop yields, manure was the superior source of nitrogen in seven

of the years and shared first place with ammonium sulfate in one. The crops were

hay, potatoes, soy beans, corn and Japanese millet. One condition affected these

crops in common. They were growing throughout the summer season and could

utilize the manure nitrogen as it became available. The hay crop may not usually

be regarded as a summer crop, but in this instance Brooks, in his report for

1899, stated:

It is perhaps questionable whether much weight should be attached to the yields at the first

cutting, since full development was not reached on account of drought. The rowen gives a better

basis for comparison.

Sodium nitrate was superior with eleven crops and shared with organic

nitrogen once. Its superiority was shown with all the different kinds of crops

except Japanese millet, and it may be regarded as the generally effk-ient nitro-

gen fertilizer.

Ammonium sulfate was superior in seven harvests, while it shared superiority

once with organic nitrogen and once with manure. In five of these seasons,

lime had been recently applied.

Organic nitrogen led the other forms in only three harvests, while it shared

the lead once with nitrate and once with ammonia. In four of these seasons the

rainfall was below normal; while in that in which it shared first place with am-

monium sulfate, a dry spring was followed by drenching summer rains, which

apparently washed all sodium nitrate down beyond the root level.

Plots without nitrogen produced in 1911 larger yields of corn, both ears and

stover, than any of the plots with nitrogen fertilizers. The corn followed a crop
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of clover and timothy, the roots and stuV)ble of which had accumuhite(l so much
nitrogen that additional nitrogen in fertilizers had no effect. The summer was
exceptionally hot and normally moist, which was especially favorable for corn.

In 1921 the plots without nitrogen were again superior in the production of

clover hay, the second year from seeding. This unusual result is explained as

follows: The new seeding in 1920 consisted of clover, timothy, and red top.

In that season the active nitrogen of sodium nitrate and ammonium sulfate pushed
forward the grasses which smothered the clover. Grasses were not encouraged

in the absence of nitrogen, and the clover gained its foothold, so that its second

year's growth on the plots withoxit nitrogen outstripped the grasses on the plots

with nitrogen.

The economic possibilities of the application of nitrogen are shown by com-
paring the average harvest from all plots with nitrogen against the average

harvest of all plots without nitrogen. The crops chosen for this comparison were

shelled corn, seed oats, potatoes, and hay. These products are standard money
crops and have definite market values. The various other crops grown on these

plots are important, but are usually consumed on the farm and therefore are

difficult to evaluate.

The average gain per plot as the result of applying nitrogen to oats was
small, and ranged from only 5 pounds in 1893 to 50 pounds in 1897. During this

period oats alternated with soy beans. The first rotation appeared to make
additions of nitrogen of little value, but continuous repetition made it necessary.

The average result of five harvests was a gain of barely one bushel of oats to pay
for applying 4.5 pounds nitrogen. Since the nitrate was, as a rule, the most effec-

tive form and at the present time one of the lowest in price, the added nitrogen

for oats may be worth while. It should be mentioned that climatic conditions

at this experiment station are not favorable to maximum yields of oats.

The application of nitrogen to the corn crop in 1911 gave no gain in shelled

corn. This corn crop followed clover and grass. The accumulation of nitrogen

in the turf was all that the crop required. The largest gain from nitrogen was in

1906 when corn followed several successive annual crops, which tended to exhaust

rather than increase organic matter in the soil. The gain in this year was 177

pounds, or a little more than 3 bushels. Other gains ranged from one bushel to

barely two per plot. Corn needs nitrogen when following tilled crops.

Potatoes in 1900, planted on a clover sod, showed an average gain per plot

of 62 pounds or about one bushel. Following soy beans in 1904 and Japanese

millet in 1917, there were gains respectively of 361 pounds and 243 pounds.

These gains would more than pay for 4.5 pounds of nitrogen. Eight crops of

hay showed gains from the use of nitrogen which ranged from nothing when the

crop was all clover to 201 pounds when grasses constituted most of the harvest.

Keeping up the nitrogen of the soil in this field appeared to depend on the

choice of crops and rotations, when the records of Plots 4, 7, and 9 are considered.

In 1883, the soil was that of a "run out" hay field. Corn was grown without

fertilizer of any kind. These three plots gave an average yield at the rate of 29

bushels of shelled corn and 3700 pounds of stover. Cropped with corn j^ear

after year, these three plots without any nitrogen had dwindled in 1889 to 9.3

bushels per acre. Soil nitrogen appeared to be exhausted. These plots in 1899,

after ten more crops of various kinds had been grown on them without nitrogen,

bore a crop of clover hay averaging 3660 pounds per acre. The next year they

produced potatoes at the rate of 209 bushels per acre. After ten more years,
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in 1910, these plots bore a crop of mixed clover and timothy hay at the rate of

6730 pounds per acre, followed in 1911 by a crop of corn at the rate of 83 bushels

of shelled corn and 5130 pounds stover per acre, which was slightly more than

was produced on the plots which had been receiving 45 pounds of nitrogen in

fertilizers every year.

The practical aspect of these experiments may be more clearly perceived by
expressing the amounts of the fertilizers in pounds per acre. On this basis the

rate per acre for each plot was 45 pounds nitrogen, 80 pounds available phos-

phoric acid, and 125 pounds pota.sh, which is equivalent to 1200 pounds mixed

fertilizer containing 3.75 per cent nitrogen, 6.5 per cent available phosphoric

acid and 10 per cent potash. This is a heavy application to be made yearly to

some of the crops grown on these plots.

Farm manure was used at the rate of 8000 pounds per acre, or about four

loads, and was supplemented l)y 500 poimds per acre of chemicals containing

6 per cent phosphoric acid and 16 per cent potash. The records of this plot

show that manure may be advantageously spread thin when reinforced by super-

phosphate and potash.

The records indicate that for corn, oats, and hay in a suitable rotation, it

would be economical to make a reduction in the amounts of fertilizer to be used,

and this would necessitate re-arrangement of the ex-periment.

EFFECT OF LIME WITH NITROGEN FERTILIZERS

Rearrangement of the application of lime in 1919, by dividing each plot length-

wise, permitted a fair comparison of lime with no lime in relation to the different

forms of nitrogen.

Two years, 1919 and 1920, supplied the data, with crops of corn and hay.

The different nitrogen fertilizers are compared by averaging the crops from the

separate plots. The crop from the manure plot is averaged with those from the

organic nitrogen plots.

Liming the nitrate plots was ineffective with corn and barely helpful with

hay. It notably increased the yield of ears with the corn crops on the organic

plots and on those without nitrogen. The hay crop was also improved.

Liming the ammonium sulfate plots increased the yields of both ears and stover

with corn, while the hay crop actually exceeded that on the nitrate plots. Red
top was the prevailing grass on the unlimed areas, but timothy and clover grew

freely on the limed areas and displaced it.

Table 8

—

Comparison of Limed and Unlimed Areas
(Yields in pounds per half-plot.)
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These results of the application of lime are due primarily to the chemical

reaction between the lime and the acids of the soil. Lessening the acidity favors

the growth of the bacteria that change the nitrogen of organic matter and am-
monia into nitrates, which are the most available of nitrogen fertilizers.

Another important effect is produced by the reaction of lime with the ammo-
nium sulfate, which forms calcium sulfate, a substance sometimes found to be

beneficial and always harmless; while if lime is absent, ammonium sulfate forms

other sulfates with the soil minerals, that are often injurious, particularly to

clover, timothy, and corn. Several bulletins of this experiment station describe

this behavior of ammonium sulfate.

Lime was not applied in uniform quantities every year like the superphos-

phate and potash but at infrequent intervals in amounts of 2000 pounds or more
per acre. Calcium carbonate dissolves very slowly in the soil water, yet the rain-

fall will gradually carry it down below the surface soil. Calcium sulfate is more
soluble than the carbonate, from which it is formed by ammonium sulfate;

therefore plots fertilized with ammonium sulfate will lose the benefits of liming

most quickly. To show how the effects of liming wore away, a comparison is

made year by year between the average yields of the sodium nitrate plots, 1 and

2, and the averages of the ammonium sulfate plots, 5, 6, and 8.

The comparison is graphical in form, with the yields on the nitrate plots

set always at 100, while the ammonium sulfate yields are proportional. It is

begun with the crop of 1897, though Plot 8 had been limed in 1894. The effect

on this had nearly disappeared but its results led to the application of lime to

all plots in 1898, and in subsequent applications all plots were treated alike.

The use of different kinds of crops in the experiment was partly responsible

for the fluctuations in production on the two sets of plots; but it should be noted

that the deepest depressions occurred from three to five years after an applica-

tion of lime. A positive rise from the depression took place with the application

of lime, except in 1919, when it occurred in the following year.

Because agricultural lime in its different forms is a low-priced commodity
in comparison with nitrogen fertilizers, it has been customary to apply it at the

rate of one ton or more per acre at intervals of several years. The graph indicates

that greater efficiency of ammonium sulfate as a nitrogen fertilizer may be se-

cured by more frequent applications of a smaller quantity of lime at a time.

SUMMARY AND CONCLUSIONS

Field A was laid out in 1883 on "run out" hay land and included eleven plots

of one-tenth acre each.

Seven successive crops of corn were grown from 1883 to 1889, to study the

effects of different forms and kinds of plant food. The earlier harvests showed
potash to be the most needed fertilizer; the later ones indicated that a complete

fertilizer had become necessary.

Four standard types of nitrogen fertilizers—nitrate of soda, sulfate of am-
monia, dried blood or fish or cyanamid, and stable manure—were compared in

1889, and the comparison was continued with minor changes until 1921.

A variety of crops was grown, and tables show results obtained with oats,

soy beans, potatoes, hay, corn, and miscellaneous crops.

When Field A was planned, the use of nitrogen from the air by plants was
considered to be doubtful. By 1889, it had been shown that leguminous plants
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Kffect of Lime as an Accompaniment to Ammonium Sulfate

'I'he yearly ratios between yields of dry matter on sodium nitrate
(rated at 100) and on ammonium sulfate arc presented graphically.

were using it with the aid of specific bacteria. Early in the present century it

was established that nitrogen compounds were formed from air by certain bac-

teria in the soil, without the presence of leguminous plants.

The early corn crops indicated that "run out" hay land contained a stock

of nitrogen which had been accumulated without nitrogen fertilizers.

In 1911, following four successive years of clover and grass, the plots without

nitrogen fertilizers led all others in their average yields of corn and stover. In

the last year of the experiment, clover hay was heaviest on these plots.

Nitrogen fertilizers were most effe(;tive when a tilled crop followed a tilled

crop.

Measured by crop yields, sodium nitrate was most frequently in the lead.

Ammonium sulfate required the iircscnce of calcium carbonate in the soil to be

most effective, ^^'hen recently limed, the ammonium sulfate plots were virtually

equal to the sodium nitrate plots. Farm manure, supplemented with phosphate

and potash, excelled several times with crops which made their growth in sum-

mer. Organic nitrogen was superior in three seasons.
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When this comparison of nitrogen fertilizers was begun, the manufacture of

nitrogen compounds from nitrogen in air was impractical because of high cost.

At the close of the comparison, such compounds were being made in enormous

quantities. At the present time, synthetic fertilizers are being produced from

atmospheric nitrogen at such low cost that those used in these experiments may
become obsolete in practical agriculture.

The value of Field A to agriculture is its history of the diversity of results.

Back of any subsequent work upon it are authentic records of each plot, of which

no similar records were to be had when the field was laid out.

There is now nearly ended a comparison of a succession of graminaceous

crops with rotations in which such crops alternate with legumes. The experiment

is directlj^ dependent upon the records of the plots without nitrogen, from which

more nitrogen has been removed in crops than adjoining plots have received in

fertilizers.

Field ex-periments should be planned primarily to afford the investigator an

opportunity to test under practical conditions, on a small inexpensive scale, those

theories, principles, and processes which have been developed under controlled

conditions in the laboratory and vegetation house. To depend upon such ex-

periments to furnish the information and data upon which practices and theories

may be based and developed is not justified and is sure to prove disappointing.

Where such work has been continued for a long period of years without change,

it has resulted in the accumulation of a large mass of records which could not

be interpreted in terms of much agronomic value. An intelligent program

requires variation in the details of treatment and management in conformity

with the changes in economic conditions operating in those relationships.

(The main redeeming feature in the plan for field investigation as developed

at Massachusetts State College is the evidence of sufficient courage on the part

of those in authority to be willing to change the program from time to time to

keep pace with new developments in farm and industrial practice. Had it not

been for such courage, the few conclusions possible after this fifty-year period of

detailed and accurate work would, no doubt, have proved more limited. F. J. S.)

Publication of this Document Approved by Commission on Administration and Finance
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Two Systems of Feeding Dairy Cows
\

\High Roughage and Low Grain
\

versus \

Low Roughage and High Grain
"

By J. B. Lindsey and J. G. Archibald

The amount of grain to be fed to cows is a question of perennial
interest to farmers, particularly in a state like Massachusetts where grain
is bought outright, while roughage is grown at home. Though much has
been written on the subject, it has been largely opinion unsupported by
experimental evidence. The experiment here reported was carried out to

provide such evidence.
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TWO SYSTEMS OF FEEDING DAIRY COWS:
HIGH ROUGHAGE AND LOW GRAIN vs.

LOW ROUGHAGE AND HIGH GRAIN FEEDING

By J. B. Lindsey, Research Professor, and J. G. Archibald,

Assistant Research Professor of Chemistry

INTRODUCTION

The question of the proper amount of grain to feed to milking cows has always

been one of great interest to farmers. Each individual farmer has his own opinion,

and many have been the discussions centered around the problem at country

store, Grange Hall, and other rural meeting places. Much, too, has been written

on the subject in the farm press and elsewhere, both by practical farmers and by
extension workers in dairy husbandry. Strangely enough, however, the various

expressed opinions have had very little accurate experimental evidence behind

them. About twenty years ago the Pennsylvania Experiment Station investigated

the problem, but as the amounts of grain fed to two different groups of cows were

not greatly different it left considerable to be done.

'

It was decided, therefore, to conduct a long-time experiment on the subject

at this station. This bulletin presents the results of the investigaton, which was
commenced October 1, 1928 and brought to a conclusion March 31, 1932, after

having been conducted continuously for a period of three and one-half years.

METHODS OF EXPERIMENTATION

The station herd of high grade Holstein cows was utilized throughout the

entire period. The number of cows in the herd varied at any given time from ten to

fourteen, which were divided equally and as uniformly as possible into two groups,

referred to hereinafter as the high roughage and the low roughage group. All

individuals were kept throughout the duration of the experiment (or for the length

of time they remained in the herd) in the group to which they were originally as-

signed.

^Note: After the investigation herein reported had been brought to a conclusion and the results had

been prepared for publication, the authors received copies of a report* of a somewhat similar investi-

gation that recently had been conducted at the United States Dairy Experiment Station at

Beltsville, Maryland.

The method of feeding described therein modifies the old rule of a pound of grain for so many
pounds of milk, irrespective of other factors. It takes into account quality of roughage, capacity

of the cow for roughage, level of milk production and fat test, and suggests the following rule, recog-

nizing that it is applicable only where silage and a good quality of hay are available. For Jersey cows

feed grain at the rate of 0.6 pound for each pound of milk produced above 10 pounds, and for

Holstein cows feed 0.4 pound for each pound of milk above 16 pounds. The advantage claimed

for this method is that it results in more economical feeding for two reasons: (1) Because cows will

get enough nutrients from good roughage alone to provide for the maintenance of their bodies and
also for the production of a certain amount of milk; (2) because one pound of grain does not contain

sufficient nutrients for 3 pounds of milk. By the old rule, therefore, the low producers were overfed

and the high producers were underfed. The modified rule overcomes this objection by regulating

grain feeding according to a cow's capacity for roughage as well as by her milk production.

The method seems to have worked out quite satisfactorily but requires modification and care

in its use for cows near the upper and lower limits of their production; it is worthy of trial by New
England farmers who have com silage and good quality hay available.

Woodward, T. E., Shepherd, J. B., and Graves, R. R. Feeding and management
investigations at the United States Dairy Experiment Station at Beltsville, Md.
1930 Report. U. S. Dept. Agr. Misc. Pub. 130. 24 p. 1932.
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The rations fed to both groups were of the same general character, the differ-

ence between the groups consisting in the proportion of roughage to concentrates.

The high roughage group received grain at the average rate of one pound to 4|

pounds of milk, approximately thirty-five pounds of corn silage (November

through April) and as much hay as they would clean up. The low roughage group

received grain at the average rate of one pound to 2^ pounds of milk, approximately

twenty pounds of corn silage (November through April) and as much hay as they

would clean up. The amounts of grain were adjusted each month according to

the milk yield. The rations in general were adjusted according to Haecker's stan-

dard whenever a change was made in the kind of roughage, e. g., from silage to

rowen, or from rowen to green feed. Dry cows received 50 per cent in excess of the

nutrients required for maintenance. The average amounts of grain and roughage

for each group over the entire period appear in Table 1. When silage was not

available, rowen and first crop hay were fed in equal or approximately equal

amounts except during July, August, and September, when the rowen was re-

placed by such green crops as oats and peas, millet, and fodder corn^, five pounds

of green feed being substituted for one pound of rowen. The hay was a mixed

hay of good quality grown on the station grounds, containing at times considerable

clover, but composed for the most part of timothy, red top, June grass, and sweet

vernal grass. At any given time all feeds for both groups were from the same

original lots. In order to keep the protein level for both groups approximately the

same, it was necessary to feed to the high roughage group a grain mixture some-

what richer in protein than that fed to the low roughage group. This was done by

varying the proportions of the several ingredients in the two mixtures. The formu-

las of the mixtures appear below.

Grain Mixture
For high roughage For low roughage

group group

Per cent Per cent

Wheat bran 20 20

Ground oats LS 25

Corn meal 15 30

Gluten feed 25 • 15

Cottonseed meal 25 10

These mi.xtures contained respectively about 17.9 and 12.8 per cent of digestible

protein. The average composition of all feeds used in the e.xperiment is shown in

Table 2. Table 3 shows the total and average amounts of dry matter, digestible

protein, and total digestible nutrients consumed in each group.

A study of Table 1 shows that while the average daily amount of feed recom-

mended for the high roughage group was slightly in e.xcess of that recommended
for the low roughage group (.6 pound more), the amount fed was .5 pound less and

the actual amount eaten was .7 pound less. This seeming discrepancy was due

to the fact that considerable trouble was experienced from time to time in getting

the cows in the high roughage group to eat sufficient roughage to meet their theo-

retical requirements according to Kellner's standard. A persistent effort was made
to overcome this difficulty by offering the cows their theoretical quota of roughage

for days at a time, even when it was evident that they were wasting considerable

quantities of it, in the hope that in time they would become accustomed to the

It would have been desirable to have had pasture for the cows during the summer, but as none was
available within reasonable distance green feed was resorted to. It is not believed that under pres-

ent farming conditions a system of green crops is economical for the average farmer.
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Table 4.

—

General Appearance of Cows.

Age at Appearance

Conclusion At the beginning At the end or

OF Experiment or when included in when withdrawn from

Cow No. Years Months the experiment the experiment

High Roughage Group
35 10 7 Good Excellent

71 8 3 Good Good
88 7 2 Excellent Excellent

98 4 . . (a) Fair Good
128 3 11(6) Fair Good
137 3 7(c) Fair Good
139 4 8 Good Fair

143 3 3(d) Good Fair

144 4 4 Excellent Good

Low Roughage Group
15 11 6(c) Good Good
33 10 6 Good Good
40 6 1 1 CO Fair Fair

99 5 »{g) Fair Good
121 4 6(h) Good Excellent

126 S 6 Good Good
138 4 8 Good Excellent

141 4 7 Fair Excellent

(a) Age when sold June 17, 1929. Very poor producer.
(b) Age when sold September 23, 1930. Aborted and had been a poor producer previously.
(c) Age when sold February 16, 1931. Reactor to tuberculin test.

(d) Age when sold February 16, 1931. Reactor to tuberculin test.

(?) Age whensold February 16, 1931. Old cow getting thin and lame.
if) Age when sold July 15. 1929. Could not get her with calf.

(g) Agewhensold February 16, 1931. Reactorto tuberculin test.

(h) Age w^hen sold February 16,1931. Reactorto tuberculin test.

Body Weight

Because two-thirds of the individuals were immature when inckided in the

experiment, maintenance of body weight could not be used as a criterion. It has

been necessary to compare instead the relative gain in weight of the two groups,

care being used to have weights for any one individual at beginning and end repre-

sent approximately the same stage of gestation. The weights are shown in Table 5.

With one exception' all the individuals gained in weight during the course of

the experiment, the older cows making moderate gains, while the younger ones

made normal to excellent growth. Taking the data in Table 5 at their face value it

would seem that the low roughage ration was somewhat superior to the high rough-

age ration for maintenance and growth. It must be pointed out, however, that

the average time interval between the two series of weights was twenty-seven

months in this group while the average time inter\'al for the high roughage group

was twenty-two months. Assuming that had the time interval for the latter group

also been twenty-seven months they would have continued to gain in weight at a

rate equal to the average for the twenty-two month interval, the average individ-

ual gain would then have been 124 pounds and the percentage gain for the group

11.5 per cent. The above assumption may not be strictly justifiable, but no

better means of adjustment is known and in fairness some allowance should be

^This cow was purchased for the experiment and at time of purchase was in show condition, carrying

considerably more flesh than it is our practice to have our animals carry. Her failure to gain in

weight is attributed to this reason. She was by no means thin when the experiment was completed.
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allowance. The problem is concerned only in a minor sense with the amount of

milk produced, the more important question being the relative economy of pro-

duction, which is discussed later. """ ..

Table 6.

—

Data Respecting Milk Production.

High Roughage Low Roughage

Group
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a unit of milk produced. Reasonably accurate production records, such as are kept

in herd improvement association work, can be used to ascertain this.

Milk Production from Year to Year

The question is often asked concerning certain methods of feeding and manage-

ment, "How do the cows hold up from year to year in production ?" Unfortunately,

only a small number of year to year comparisons are available from this study;

five from the high roughage group, and seven from the low roughage group. These

have been adjusted to a mature cow basis®, and the actual and percentage incre-

ments or decrements from year to year are shown in Table 7.

Table 7.

—

Changes in Milk Yield of Individual Cows from Year to Year.

Cow
No.

Milk Yield^

Pounds

Change from Year to Year

Pounds Per Cent

139

Average

33

99

121

126

138

141

Average

High Roughage Group
10,345
9,784
9,921
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Composition of the Milk

As already noted on p. 6 the milk of all the cows was analyzed regularly for

total solids and fat. A summary of the analyses appears in Table 8. Individuality

plays such a large part in determining the average fat and solids test of a group

of cows that it would not be fair to claim that any differences between the groups

are due entirely to the experimental treatment. In addition, therefore, to the aver-

ages for the entire groups during the experiment, which are included largely as a

matter of record, Table 8 also contains comparative data which show the average

test for a corresponding period previous to the commencement of the experiment

of such members of each group as were in the herd at that time and the average

test for these same individuals during the course of the experiment. These in-

dividuals constitute approximately half of each group.

Table 8.

—

Composition of the Milk

Total Solids Fat

(per cent) (per cent)

High Low High Low
Roughage Roughage Roughage Roughage

Group Group Group Group

Entire herd throughout the experiment 11.77 12.33 3.52 3.81

Cows in herd for a corresponding period

previous to the experiment:

Before the experiment 12.14 11.81 3.71 3.58

During the experiment 11.70 11.79 3.54 3.62

Taken at its face value the first group of figures in Table 8 indicates some

superiority in fat and total solids in the milk from the low roughage group. Part of

this is apparent only, due largely to the presence in that group of a young cow (No.

126) that turned out to be an unusually high tester for a Holstein, her milk never

testing less than 4 per cent fat and averaging 4.5 per cent over a three-year period.

. Asthere wasnot a corresponding high tester in the other group, part of the difference

must be charged to this inequality. However, from the second and third sets of

figures in the table it seems safe to conclude that part of the difference between the

groups in this respect is due to the experimental treatment. While the fat and solids

averages for the low roughage group were practically identical for the experimental

period and a corresponding period immediately previous to the experiment, this was

not the case for the high roughage group. This group showed a shrinkage of 0.44 per

cent total solids and 0.17 per cent fat during the experimental period. These figures,

representing a large number of individual tests, give evidence that low grain and

high roughage feeding may tend to produce milk of slightly lower test as time

passes. It does not necessarily follow that the composition of the milk can be sub-

stantially changed by any normal system of feeding.

Reproductive Function

Two of the cases of retained placenta were in an individual that had had the same

trouble twice previous to commencement of the experiment. The case of chronic

metritis was also of long standing, having developed prior to the beginning of the

experiment. Both cows that aborted reacted negatively to the blood test for infec-

tious abortion.
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Table 9.

—

Data Respecting Reproduction.

High Roughage Low Roughage
Group Group

Days after calving before

Appearance of first heat days 53 35

Next conception days 142 105

Regularity of oestrum

:

Good per cent 33 75

Fair per cent 45 25

Poor per cent 22

Number of services required 1.3 1.3

Percentage of breedings from one service 69 70

Irregularities:

Retained placenta 3

Abortion 1 (a) I (b)

Other 1(c) I {d)

(a) At 7 months.
(b) At 6 J months.
(c) 1 rase of cervicitis.

(d) 1 case of chronic metritis.

It is evident that the low roughage group was somewhat nearer normal in its

reproductive function than the high roughage group. This was true especially with

regard to the cycle of oestrum and the length of time from calving to the next

conception. The condition and weight at birth of the calves produced by both

groups is summarized in Table 10.

Table 10.

—

Data on Calves Dropped During the Experiment.

High Roughage Low Roughage
Group Group

Sex distribution

:

Male per cent 84.6 60.0

Female per cent 15.4 40.0

Average weight at birth * pounds 98 98
Condition at birth

:

Very good per cent 31 20
Good per cent 61 60
P'air per cent 8 20

*Corrected for unequal sex distribution; the average birth weight of all Holstein bull calves
dropped in the station herd over a long period of years is 8 per cent higher than the average birth
weight of Holstein heifer calves dropped in the herd for the same period.

Twenty-eight calves are represented in the summary in Table 10, thirteen in the

high roughage group and fifteen in the low roughage group. Average birth weight
was the same in both groups. At first glance it would seem, from the standpoint

of condition at birth, that the calves in the high roughage group were on the whole
more vigorous. However, it must be pointed out that all the "fair" individuals

were heifers. It is common knowledge that bulls, as a rule, are more vigorous when
born than heifers are, and part of the difference in this respect can probably be
charged to the larger number of heifers in the low roughage group.
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DISCUSSION OF RESULTS

Viewing the results as a whole, the low roughage group of cows had a rather

better record. They looked thriftier, put on more flesh, milked more freely, main-

tained their production better from year to year, maintained their average test

better, and were more nearly normal in their reproductive function.

In searching for a reason for the better showing of this group the most obvious

one is the sightly greater food intake noted on p. 5. This difference in intake of

nutrients favors the low roughage group and because of it criticism might be made
of the conduct of the experiment.

It must be pointed out, however, that the discrepancy Is due in some measure at

least to an inherent weakness in the high roughage system of feeding which has been

brought out by the experiment; viz., that these cows would not, or could not,

eat sufficient roughage to satisfy their theoretical requirements when the amount

of grain fed was kept down to one pound for each 4^ pounds of milk daily. It

is felt also that there must be other reasons for the better showing of the low

roughage group. Superiority for milk production of the total digestible nutrients

and possibly of the digestible protein in their ration is suggested as another cause.

In the high roughage group 24 per cent of the total digestible nutrients and 46

per cent of the digestible protein consumed came from the grain, while in the low-

roughage group 42 per cent of the total digestible nutrients and 57 per cent of the

digestible protein consumed came from the grain. Another factor not to be lost

sight of is the additional energy required to digest the extra coarse fodder in the

high roughage ration.

It is evident that cows will not produce to the limit of their ability on a high

roughage system of feeding. Whether it is economical to have them do so will de-

pend very largely on local conditions as to production and markets, and in a large

measure the problem is one for the individual farmer to solve for himself.

If he is situated relatively far from market, with sufficient low-priced land to

grow an abundance of rough feed, and if he has big hearty cows accustomed to con-

sume readily large quantities cf hay and ether roughage; then the high roughage

system is undoubtedly the one to adopt. If he is near a good market and the demand

for milk is such that he is not unduly penalized for surplus production, if he has rela-

tively little land and that high priced, and if he has cows of the smaller breeds;

then undoubtedly liberal grain feeding is the practice to follow.

In between these extremes will be found the majority of New England farmers,

and it is believed that in a great many cases the ratio of 1 pound of grain to 85

pounds of milk is likely to prove the most satisfactory. Each farmer must study his

own situation, weigh the facts, and decide for himself.

In conclusion, it must be emphasized that the high roughage system of feeding

cannot prove satisfactory unless the roughage Is of good quality, which means

legume or mixed hay cut early and well cured, and corn silage that Is sweet, well

eared, and not watery.

SUMMARY AND CONCLUSIONS

This bulletin reports the results of an investigation, three and one-half years in

length, on the relative merits of two systems of feeding dairy cows. One of these

systems involved the feeding of a relatively large amount of roughage and a

relatively small amount of grain ; the other Involved the feeding of a relatively small
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amount of roughage and a relatively large amount of grain. The station herd was

divided into two groups which for convenience have been designated the high

roughage and low roughage groups. The high roughage group received approximate-

ly one pound of grain for each 4^ pounds of milk produced, 35 pounds of silage, and

as much hay as they would clean up. The low roughage group received approxi-

mately one pound of grain for each 2^ pounds of milk produced, 20 pounds of silage,

and hay as above.

All feed was the same in composition at any given time for both groups, except

that the grain mi.xture for the high roughage group was considerably richer in pro-

tein in order to keep the intake of protein at about the same level in both groups.

In all other respects the treatment of the groups was identical.

Records were kept of general appearance of the cows, live weight, milk

production, feed consumption, composition of the milk and of the feeds, and the

reproductive function of the cows, including calf production.

The following results have been noted

:

1. The cows in the low roughage group maintained their general appearance

rather better than did those receiving a relatively large amount of roughage. The
latter tended to be thinner and more rough coated.

2. The cows in the low roughage group madesomewhat larger gains in weight.

3. The cows in the low roughage group produced more milk on both a daily

and a yearly basis. Their lactations were slightly shorter but so also were their dry

periods, so that their average productive period per calendar year was slightly

higher.

4. The cows in the low roughage group made slightly better use of the feed

they consumed as evidenced by the fact that they required 7 per cent less dry mat-

ter and 2.7 per cent less digestible nutrients to produce 100 pounds of milk.

5. Feed cost of milk production was practically the same for both groups.

The high roughage system, however, involves a smaller cash outlay; and an addi-

tional saving may be effected where that system is used if the farmer is able to

grow his roughages for less than the current market price.

6. The cows in the low roughage group maintained their milk production from

year to year somewhat better than did those in the high roughage group.

7. The low roughage group maintained a uniform milk test as compared

with their test previous to the commencement of the experiment, while the high

roughage group fell off somewhat in this respect.

8. The low roughage group was somewhat nearer normal in reproductive

function than the high roughage group.

The conclusion which has been reached from the results of this experiment is

that in order to keep cows looking well and producing somewhere near the limit

of their ability, reasonably Uberal grain feeding must be practiced. Whether the

practice will be economical depends largely on the particular set of conditions pre-

vailing in different localities and on individual farms. With the facts in hand each

farmer must make his own decision as to whether he will follow either of the systems

outlined in these pages, or possibly a happy medium between the two.

Publication of this Document Approved by Commission on Administration and Finance

4M-l-'33. No 7371
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Carbon Disulfide Emulsion

for the Control of the

Root-Knot Nematode

Bv E. F. Guba

Many greenhouse establishments lack the necessary means to steri-

lize soil with steam or hot water. Even where these methods are practiced

with successful results, they are laborious and slow and require expensive

equipment. This bulletin considers the merits of carbon disulfide

emulsion for controlling the root-knot nematode and its use in combina-
tion with certain soil fungicides.
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CARBON DISULFIDE EMULSION FOR THE CONTROL
OF THE ROOT-KNOT NEMATODE

By E. F. Guba, Assistant Research Professor of Botany

INTRODUCTION
Root-knot, caused by the nematode Ileterodera radicicola (Greef) Miill., is the

most prevalent and destructive disease of greenhouse cucumber and tomato crops

in Massachusetts, and the most costly to control. It is common knowledge that

soil applications of steam or hot water give control; nevertheless the need for an

efficient chemical control is urgent. Because of the fact that formaldehyde and
acetic acid lack satisfactory nemacidal value, their use for controlling soil in-

habiting fungous parasites has been largely ignored in greenhouse practice. A
more extended use of these soil disinfectants in greenhouses cannot be realized in

the absence of a satisfactory chemical nemacide.

The merit of carbon disulfide emulsion as a nemacide was discovered by
Schaffnit and Weber (7) in Germany. Greenhouse tests by Chapman and Parker

(1) in Mrginia, and by Gleisberg (3) in Germany, confirmed this discovery. The
work in Germany showed that the use of carbon disulfide emulsion can be

relied upon to restore normal yields and at a profitable investment. Schaffnit and

Weber mixed one part of soap with four parts of carbon disulfide by volume (SO

per cent emulsion), and according to their recommendations each square foot of

bed received 1.3 to 2.0 ounces of actual carbon disulfide. Chapman and Parker

used a commercially prepared 35 per cent emulsion at a dilution of l-.SO in water,

and each square foot of bed received about 0.9 ounce of actual carbon disulfide.

The merit of carbon disulfide emulsion as a nemacide is thus recognized yet there

has been a lack of information that would justify any recommendations to the

public on the part of this Station without careful tests in local greenhouses.

Information has been needed particularly concerning the best dilution of the

emulsion, the rate of application, and other factors which might be expected to

have an influence upon its efticiency, cost, and safety under commercial green-

house conditions.

PRELIMINARY CONSIDERATIONS

Commercially prepared emulsions containing 35 per cent and 70 per cent

carbon disulfide were at first compared on a small scale. Each was diluted to make
a strength of 1-50 and applied at the rate of 1 gallon to each square foot, equiva-

lent to about 0.9 and 1.93 ounces of actual carbon disulfide. Tomato plants were

set in the plots 3 days later and were allowed to grow for two months. The tomato

roots in the control plot showed a bad infestation of root-knot while those in the

treated plots were healthy. The results were very striking.

The cost of a 70 per cent commercially prepared emulsion at 17 cents per pound

in 50-gallon drums is, however, prohibitive in practice, for it means an expense for

material alone of $0,034 per square foot or about S1481.00 per acre. A similar

homemade emulsion can be made at a cost of $0,009 per square foot, or approxi-

mately •S392.00 per acre, excluding labor; and if effective would represent an

economical method of control. Such an emulsion was prepared to contain 68

per cent carbon disulfide, 26 per cent water, and 6 per cent rosin fish oil soap (No.

9)'.

^Manufactured by I. P. Thomas & Son, Company, Philadelphia, Penn.

^Manufactured by James Good, Inc., 2111 E. Susquehanna Ave., Philadelphia, Penn.
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Fresh lettuce roots with attached galls not in excess of j inch in diameter

were added to nematode infested soil in three 8-inch pots on November 6, 1930.

Similarly, fresh tomato roots with attached galls not in excess of t> inch in diameter

were added to another set of three pots. On that date, and 10 and 20 days later,

the contents of one pot of each series was drenched with carbon disulfide emulsion

of a concentration of 1-50 in water. A few days after the treatment the pots were

seeded to tomatoes. The roots were examined on the following April 13 (Table 1).

The freedom of the roots from nematode root-knots offered convincing and sup-

porting evidence of the nemacidal value of carbon disulfide emulsion, and the

necessary encouragement to justify further tests under commercial conditions of

culture. Several experiments have been conducted over a period of three years.

TABLE 1. — Control of Root-Knot Nematode \vith Carbon Disulfide
Emulsion.

On November 6, 1930, 8-inch pots were filled with soil in which were embedded roots with root-

knots attached; the soils were treated the same day and 10 and 20 days later, and then seeded to

tomatoes.

Source of

Inoculum

Date of

Treatment

Root Infestation April 13, 1931

Treated Not Treated

Lettuce roots.

Tomato roots.

(11-6-30

.-! 11-16-30

[11-26-30

f 11-6-30

11-16-30

11-26-30

Apparently none Slight

Apparently none Severe

Apparently none Slight

Apparently none

Apparently none

Slight

Severe

Severe

Severe

GREENHOUSE EXPERIMENTS

The tests were conducted in greenhouse ground beds heavily infested with

nematode where, in the absence of sterilization, the crops have proved a complete

failure as the data will show. The experiments were located in the north end of

one of the greenhouses of Corazzini & Company, and at the Field Station of the

Massachusetts Agricultural Experiment Station in Waltham. Tomatoes were

employed as the crop plant in every case.

Methods

Materials. — The materials used in the preparation of stock carbon disulfide

emulsion and the quantities of each are as follows:

Volume Weight

Material (Gallons) (Pounds)

Carbon disulfide 68 680

Rosin fish oil soap 6 54

Water 26 208

The exact amount of stock emulsion needed was calculated in each case accord-

ing to the area of the greenhouse bed. The required amounts of soap and water

were niixed together in a wooden barrel, or similar container, and stirred vigorously

with a long-handled shovel. The carbon disulfide was added last, while stirring.

The stock emulsion of carbon disulfide was used at various dilutions with water,

as reported in each experiment. In some instances commercial 37 per cent

formaldehyde and 56 per cent acetic acid were used in combination with diluted

carbon disulfide emulsion in the proportion reported in the experiments.
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CARBON DISULFIDE EMULSION 5

Preparation of Bei^s. — The larger infested roots of the old crop were removed
when the plants were cleaned out, but in one instance (Table 8) these were left

in the ground for comparison (Fig. 1). In most of the experiments three to

four weeks elapsed after the removal of the previous crop to permit decay of the

roots, but shorter intervals were used in some cases in order to determine to what
extent the decay of the roots influenced the effectiveness of the chemical. If

the soil was dry, it was wetted well with water a day before treatment.

Application of the Chemical. — Some of the beds were dug over and left rough

and then drenched. Others were dug as the chemical was applied. The usual

application was at the rate of 1 gallon of diluted emulsion to each square foot of

bed, but in some instances more was applied for comparison. The thoroughness

of application and penetration in the subsoil are important factorsjnfluencing the

efficiency of steam or hot water methods of sterilization, and this fact was fully

appreciated in the use of chemicals. Walls adjacent to the beds were also drenched.

After the beds were treated they were wetted further with water.

Experiments in a Commercial Greenhouse

Spring of 1930. — Four beds were treated with carbon disulfide emulsion, to

determine the effect of different concentrations of carbon disulfide emulsion on

the control of the root-knot nematode and the consequent yield and income

cf tomatoes. The stock emulsion was used at concentrations of 1-25, 1-50, 1-75,

and 1-100 gallons of water, and applied at the rate of 1 gallon to each square foot

of bed. The treatments were made February 21. The roots were well decayed

when the plots were spaded in preparation for the treatments.

Potted tomato plants which were grown in steam sterilized soil were set in

the beds five days after the treatment. A control plot adjoined each treated plot.

Careful yield records were kept. No records of root infestation were made, but

examination of the roots when the plants were pulled on July 17, 1930, revealed

some root infection in all the treated plots. The plants in all of the treated

plots maintained a healthy, turgid growth, produced a good set, and the tomatoes

were practically all of first grade. In the control plots the plants produced a

poor set, and wilting, which is characteristic of a severe infestation of nematode,

was very pronounced. One-half of the yield of the controls was of second grade

fruit. The results clearly show the merit of carbon disulfide emulsion in eliminat-

ing the nematode as a factor in crop loss (Table 2).

TABLE 2. — Effect of Different Concentrations of Carbon Disulfide
Emulsion on the Control of the Root-Knot Nematode and the

Consequent Yield and Income of Tomatoes

(Spring Crop, 1930. Commercial Greenhouse)

Dilution of
Carbon Disulfide Emulsion No

-Treatment
1-25 1-50 1-75 1-100

Cost of chemical for 100 square feet $ 1.88 $ 0.94 $ 0.59 $ 0.47

Yield of 100 plants pounds 695 719 720 672 403
Increase in yield pounds 292 316 317 269
Gross income from 100 plants at 23 cents per pound $159.85 $165.37 $165.60 $154.56 $64.48*

Increase in gross income $ 95.37 $100.89 $101.12 $ 90.08

Since approximately 50 per cent of the crop from the control plot was of second grade, the
income from that plot is calculated on the basis of an average of 16 cents per pound.
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Spring of 193L — This test was conducted to compare carbon disulfide emul-

sion with formaldehyde and to determine the influence of different methods of

applying carbon disulfide emulsion on the control of the root-knot nematode and

the consequent yield and income of tomatoes. The fall planting of tomatoes

was removed on January 16. The chemicals were applied on February 15. One

plot received carbon disulfide emulsion as a top drench after the soil had been

spaded; in another plot the chemical was applied in the furrows as the soil was

being spaded. One bed was treated with formaldehyde alone. Application in

each plot was at the rate of 1 gallon per square foot. The beds were planted to

tomatoes on February 2\. The planting was cleaned out on July 22.

TABLE 3. — Comparison of Carbon Disulfide Emulsion with Formalde-

hyde AND THE Influence of Different Methods of Applying Carbon
Disulfide Emulsion on the Control of the Root-Knot Nema-

tode and the Consequent Yield and Income of Tomatoes

(Spring Crop, 1931. Commercial Greenhouse)

Carbon Disulfide Formaldehyde No
I Emulsion 1 — 50 1 — 50 Treat-

Spaded In Top Drencli
ment

Roots free or relatively free of root-knots. per cent 85 71 72.70 50.00 1.96

Yield of 100 plants pounds 502 464 437 178

Gross income from 100 plants at 20 cents per pound $100 40 $92 80 $87.40 $21.36*

Increase in gross income $ 79.04 $71.44 $66.04

^ Since approximately 50 per cent of the crop from the control plot was of second grade, the
income from that plot is calculated on the basis of an average of 12 cents per pound.

In this experiment, carbon disulfide emulsion was most efficient in the control of

the root-knot nematode, and best yields were correlated with the best control of the

pest (Table 3). An application of carbon disulfide emulsion while spading the

beds, which provided the most thorough drenching of the soil, gave the best

results. The check plot yielded an average of L7 pounds of tomatoes per plant,

largely of second grade, compared with an average of 5 pounds from the best

plot receiving carbon disulfide emulsion, representing a difference in gross income

of 79 cents per plant. Formaldehyde showed considerable value as a nemacide.

Fall of 193L — This experiment was conducted to determine the compatibility

of formaldehyde and acetic acid with carbon disulfide emulsion, and the influence

of these combinations on the control of nematode. Comparison was made with

an adjacent plot which was steamed with the pan. The beds were treated on

August 14 with diluted chemical at the rate of 1 gallon per square foot. The

former spring crop was cleaned out July 22. The fall planting was set August

22. Records of root infestation were made on January 18, 1932 (Table 4).

A combination of 1 gallon of formaldehyde and 1 gallon of carbon disulfide

emulsion in 50 gallons of water proved as effective as steam applied by the pan

method in combating root-knot nematode, although a difference in yield in favor

of chemical sterilization resulted. This might be explained by the fact that the

chemically treated plots were favored with better pollinating and growing condi-

tions. The addition of acetic acid to diluted carbon disulfide emulsion completely

removed the soap from the emulsion which was apparently the reason why the

combination was ineffective. Formaldehyde and carbon disulfide emulsion were

perfectly compatible and gave complete control of the root-knot nematode.
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(Table 6). The single treatment with carbon disulfide emulsion proved very effec-

tive and the double treatment gave complete control of the root-knot nematode.

TABLE 6.— Comparison of One and Two Applications of Carbon Disulfide

Emulsion for Controlling the Root-Knot Nematode.

(Spring Crop of Tomatoes, 1931. Field Station)

Carbon Disulfide Emulsion
1 — 50

I — One
Application

II — Two
Applications

No Treatment

Root infestation per cent

Apparently none 95.71

Slight

Severe 4.29

Yield of 100 plants pounds

Ones 735

Seconds 293

Total 1028

100

863

329

1192

67.30

32.39

62.50

37.50

654 360

301 265

955 625

Fall of 1931. — The purpose of this test was to determine whether successful

control of nematode on one crop, resulting from the use of carbon disulfide emul-

sion (Table 6), could be relied upon to provide control for the succeeding crop. The

plots of the previous experiment were again planted to tomatoes on August 24.

The plots were not sterilized, but the roots of the previous crop were cleaned out

well, and the top soil to a depth of 6 inches was removed. Records of root infesta-

tion were taken on January 19, 1932. In spite of the removal of the roots and

the soil, and the fact that excellent control of nematode was obtained on the

previous spring crop, a severe infestation developed in the fall planting (Plot B,

Table 7). The results show that the eradication of nematode in greenhouse

soils cannot be obtained with this chemical and that soil treatments must be

repeated previous to each crop in order to realize a profitable yield. Steam or

hot water methods of sterilization are no exception. Eradication has never

succeeded in commercial practice with the most efficient methods of steaming,

and there is no reason to expect better results from chemicals.

TABLE 7. — Relation of the Degree of Control of Root-Knot with

Carbon Disulfide Emulsion on One Crop to Infestation of the

Succeeding Crop

(Spring and Fall Crops of Tomatoes, 1931. Field Station)

Spring Crop
Plot A Plot B
No Carbon Disulfide

Treatment Emulsion

Fall Crop
Plot A Plot B

No Treatment

Root infestation per cent

Apparently none

Slight 67.60

Severe 32.39

Apparently none

Slight 62.50

Severe 37.50

1 application

95.71

4.29

25.0

75.0

2 applications

100

16.85

83.14

10.93

89.06

34.83

24.72

40.44
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Spring of 1932. — In this set of experiments the influence of different rates of

application of carbon disulfide emulsion and the effect of removing the roots on

the control of the root-knot nematode were studied. The old tomato vines with

attached root clumps of the previous planting were removed on January 20. In

two of the three beds the smaller roots were carefully removed as the beds were

spaded, and in the third they were allowed to remain.

The beds were treated on January 21, 1932, with carbon disulfide emulsion

of a 1-50 strength to which formaldehyde was added at the rate of 2/3 gallon to

each 50 gallons of diluted emulsion. Treatments were at the rate of two and

one gallons per square foot. The beds were set to tomatoes on January 29.

The roots were examined for root-knot on June 24 (Table 8).

No yield records were taken, but none of the plants showed evidence of weakness

or failure to set during the growing period nor was the grade of tomatoes affected.

Infestation was not severe enough to affect the growth or yield. Two gallons of

carbon disulfide emulsion per square foot gave better control than one gallon;

but like the previous experiment one gallon per square foot removed the nematode

as a crop loss factor even when the smaller infested roots were left in the beds

(Table 8).

TABLE 8. — Influence of the Rate of Application of Carbon Disulfide

Emulsion and the Effect of Root Removal on the Control of

THE Root-Knot Nematode.

(Spring Crop of Tomatoes, 1932. Field Station)

Roots Removed on Si'adint, Roots Not Removed

2 gallons per 1 gallon per 1 gallon per

square foot square foot square foot

Root infestation. per cent

Apparently none 92.0 31.6 16.9

Slight 4.8 36.6 70.7

Moderate 3.2- 26.6 12.3

Severe 5.0

Total infestation 8.0 68.2 83.0

Discussion

The experimental results show that carbon disulfide emulsion is an effective

nemacide and if used properly can be relied upon to eliminate nematode as a

serious factor in crop losses. Tomato plants were used exclusively in these

experiments and this fact strengthens the case for carbon disulfide emulsion,

since according to Jones (5) the nematode gall of the tomato plant offers greater

protection to its nematode population than that of the cucumber or lettuce plant,

and in addition bears the resistant "cyst" stage. It is logical to believe, therefore,

that carbon disulfide would offer better control when following crops of lettuce

or cucumbers than when tomatoes have preceded treatment.

In the experiments reported, the root clump of each plant was dug out of the

soil when the old vines were removed from the greenhouse as a means of assisting

or rendering more effective the action of the chemical and of reducing the potential

nematode population of the soil (Fig. 11. Observations and experiments show,

however, that this practice alone offers no control of nematode. Naturally, the

smaller infested roots were left behind, but judging from the results in Table 1,

carbon disulfide emulsion is apparently nemacidal to small, fresh galls. Soil heating

with steam or hot water would appear to be superior to chemicals in its nemacidal

effect, especially if the galls possess much root covering tissue. Obviously, the

removal of such galls before sterilization should assist materially in the control
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of the nematode. It is shown (Table 8) that where the smaller infested roots were
left in the soil and carbon disulfide was used at the rate of 1 gallon per square foot,

83 per cent of the roots were infested as compared to 68.2 per cent where the roots

were removed. Considered on the basis of the degree of infestation, it could not

be shown that the removal of the smaller roots improved the efficiency of the

treatment in this experiment.

Nevertheless, judging from the results with carbon disulfide emulsion in

commercial practice, the removal of the infested roots and the decay of the smaller

roots and attached galls appears to be desirable as a matter of insuring greater

efficiency of the chemical. According to Jones (5) galls attached to roots require

more time to decay than detached galls. The rate of decay of galls is increased

with increases in soil moisture and temperature. In view of this fact, it is desirable

to keep the greenhouse beds moist by daily waterings, and as warm as possible

between the interval of removing the old plants and the time the chemical is

applied. The results of the writer's experiments show good control of nema-
tode with carbon disulfide emulsion applied three weeks after the removal of the

old planting without introducing the needed moisture and temperature conditions

to hasten decay of the roots in that interval. One more week elapsed before the

new planting was started. Good control of nematode was obtained when one day
elapsed between the removal of the old crop and the application of carbon disulfide

emulsion (Table 8) but this was influenced measurably by the rate of application.

Nematodes exist as deep in the soil as the roots extend, and it is not uncommon
to find lettuce, cucumber, and tomato roots 30 inches deep in the subsoil. In

Florida, the root-knot nematode may be found at a depth of 36 inches, according

to Godfrey (4), and in greenhouses they occur fully as deep. Any treatment used

to sterilize the soil must be applied with the object of reaching the majority of

nematodes or the effectiveness of the treatment will be greatly diminished. The
thoroughness of wetting the- soil with chemical has a significant influence upon its

eiifectiveness as is borne out in Table 6 where it is shown that two applications

of carbon disulfide emulsion applied a week apart gave complete control, while

after one treatment 95.71 per cent of the roots were free from infestation. A
greater volume of chemical in one application is also more effective, for 1.4 gallons

of diluted carbon disulfide emulsion per square foot yielded 78.57 per cent roots

free of infestation, as compared to 66.66 per cent from 1 gallon (Table 5); and 2

gallons gave 92 per cent clean roots as compared to 31.6 per cent from 1 gallon

(Table 8). In no instance, however, when the rate of application was 1 gallon per

square foot, was nematode a factor in crop loss. At that rate of application,

increases in gross income of $90.08 to $\01A2 (Table 2) and of $71.44 to $79.04

(Table 3) were obtained per 100 plants above that of the same number of plants

in the control plots.

The yields from the use of carbon disulfide emulsion were essentially similar

to those where efficient steaming was practiced, and this, in general, was correlated

with the degree of control of the root-knot nematode. Since a concentration of

1-50 of carbon disulfide emulsion applied at the rate of 1 gallon per square foot

has given good control and has restored normal yields, this formula is recommended
for those growers who desire to use this chemical.

Carbon disulfide emulsion has given satisfactory results when tested under

commercial conditions of culture for combating nematode. Its use, however,

has given no control of soil inhabiting plant pathogenes; neither according to the

writer's experiments, has it manifested any killing effect on weed seeds. For the

control of soil-borne plant pathogenes in greenhouses, the use of formaldehyde has

heretofore received some recognition. Doran (2) has shown a similar value from



CARBON DISULFIDE EMULSION 11

acetic acid at less expense. Each was used in combination with carbon disulfide

emulsion, but only formaldehyde made an effective and compatible combination

(Table 3). Judging from the results shown in Tables 3 and 4, formaldehyde may
be regarded as having considerable nemacidal value, but acetic acid none. These

results appear to be confirmed by the reports of Watson (8, 9) to the effect that

formaldehyde when applied in the dosage ordinarily used for the control of fungous

diseases gives very good control of the root-knot nematode in seed beds in Florida.

Observations of its use in greenhouses in Massachusetts show that alone it does not

offer satisfactory control of nematode, although the results in Table 3 are excep-

tional. In some of the experiments a concentration of 1 gallon of formaldehyde in

combination with 1 gallon of stock carbon disulfide emulsion in 50 gallons of

water was employed; but successful control of soil inhabiting fungous para-

sites can be obtained at a concentration of 2/3 gallon of formaldehyde, as

has been brought out from the results of many tests at the Field Station.

To qualify as a good nemacide, a chemical must be (a) effective in eliminating

the nematode as a crop loss factor, (b) harmless to the soil for plant growth within

a reasonable interval after application, (c) easy to apply, and (d) non-injurious

to man. Of over thirty chemicals tested by Newhall (6), many of which had
been previously considered in earlier investigations, none was entirely satisfactory

being objectionable chiefly on account of cost, inefficiency, and unsatisfactory

methods of application. Newhall found that pure carbon disulfide used at the

rate of 100 gallons per acre was almost as good as the best chemical treatment,

i. e., a mixture of napthalene flakes and Cyanogas, on the basis of plant yields.

He did not use carbon disulfide emulsion.

On the basis of the writer's experience and that of most growers, the objections

to the chemicals used by Newhall should not necessarily apply to carbon disulfide

emulsion. However, carbon disulfide possesses that disadvantage of being harm-

ful to man. Prolonged exposure to the gas causes severe headache, dizziness,

and vomiting. It increases the heartbeat, and owing to this effect persons having

any heart weakness are cautioned not to use it. Otherwise, application is practical,

quicker, and under many conditions less expensive than steam sterilization.

The harmful features may be largely overcome by the exercise of certain precau-

tions such as shifting the help at the end of five hours, and taking care to provide

all the ventilation possible.

Once an infestation of the root-knot nematode appears, its eradication seems

impossible no matter how efficient the soil treatment. In spite of the complete

absence of visible signs of root-knot at the end of a crop, sufficient potential in-

fection to cause a heavy root infestation and a yield failure on the succeeding

crop escapes the action of heat or chemicals (Table 7). Where the practice

is to grow two warm temperature crops such as cucuuibers or tomatoes each year,

the greenhouse beds must be treated before each crop, otherwise the root-knot

disease will render unprofitable any investment in the crop. For this reason,

it would be more economical in the end to install the permanent tile system of steam

sterilization if the greenhouse establishment is permanent and if steam is available,

since the expense for chemicals equals a substantial part of an investment in a

tile installation. If the use of chemical is objectionable on account of its harmful

effect upon men, then sterilization by the use of steam or hot water is advisable.

Carbon disulfide emulsion appears to be the most satisfactory chemical nema-
cide yet discovered and should find particular use in greenhouse establishments

not equipped with efficient systems of steam or hot water sterilization, or where

the grower for lack of time finds it more practical and desirable to use chemicals

instead of steam or hot water. On the basis of the results here reported, many
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growers have used carbon disulfide emulsion on a commercial scale. Their

results have been very satisfactory in some instances and very disappointing in

others. The most important factors contributing to the poor results have been

lack cf thoroughness of application and failure to remove the larger infested roots

of the old planting when cleaning out the beds, and subsequently to allow time

enough for the smaller roots to decay before treatment. The results of the writer's

experiments show that the success of carbon disulfide emulsion as a nemacide

depends chiefly upon the removal of the old roots and the thoroughness of applica-

tion. Unless these requirements can be complied with in commercial practice,

the use of chemicals is a futile and wasteful expense.

RECOMMENDATIONS

If the grower desires, or is obliged to resort to, chemical soil treatments he

should first decide on the choice of materials. If nematode is the only crop loss

factor, carbon disulfide emulsion should be used at a concentration of 1 gallon of

stock to 50 gallons of water. If fungous diseases alone are responsible, formalde-

hyde should be used at a concentration of 2/3 gallon to 50 gallons of water. If

both fungous diseases and nematode root-knot are factors contributing to the fail-

ure of the crop, formaldehyde (2/3 gallon) and carbon disulfide emulsion (1 gallon)

should be used in 50 gallons of water. Application should be at the rate of 1 gallon

of diluted chemical to each square foot of bed. At this rate of dilution and

application, the expense for chemicals used to sterilize 10,000 square feet would

be about as follows:

Carbon disulfide emulsion, alone ... $90.00

Formaldehyde, alone 70.00

Carbon disulfide emulsion and for-

maldehyde combined 160.00

To calculate the number of gallons of carbon disulfide emulsion needed, the

area to be sterilized is divided by 50. This quotient is multiplied by .68 and the

product obtained is the number of galbns of carbon disulfide required. To con-

vert gallons to pounds, multiply by 10. The quotient obtained by dividing the

area by 50 is multiplied by .06, and the result obtained is the number of gallons

of rosin fish oil soap required. This result is multiplied by 9, representing the

weight in pounds of each gallon of soap, to obtain the number of pounds of soap

needed. To calculate the number of gallons of formaldehyde needed, the area

to be sterilized is divided by 75 and the result is multiplied by 8, representing

the weight in pounds of each gallon of formaldehyde. Since the chemicals are

sold by weight only, it is necessary to know the number of pounds of each required

when giving the order.

Preparation of the Beds for Treatment

The roots of the previous planting should be carefully cleaned out and des-

troyed, and the beds should be kept moist by frequent watering for at least two

weeks to assist in the decay of the smaller roots in the soil. Since fresh roots are

likely to offer protection to the nematodes against the action of chemical, some

decay of the roots is considered desirable before the soil is treated. It is a rather

common practice in Massachusetts greenhouses to grow crops of lettuce or radish

in the fall and early winter months. The low growing-temperatures for these

crops inhibit the activity of the nematode, and root infestation is usually either

lacking or not important enough to warrant soil sterilization. In such a rotation

of crops, it would be best to delay the use of chemical until 7 to 10 days before

planting the spring crop of cucumbers or tomatoes.
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Figure 3. On a Larfte Scale it is More Practical to Prepare Large Quantities of the
Chemical and Kither Pump or CJravitate it Into the Greenhouse.

Some means must be provided for agitating the diluted chemical. Top: Tank of .S.'SOO

gallon capacity; Middle: Tank of 3000 gallon capacity; Bottom: Unsatisfactory method
of application. The chemical runs oflf to the low level and puddles. It should be
applied while the soil is being spaded.
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Preparation of Carbon Disulfide Emulsion

A stock emulsion of carbon disulfide is prepared by first mixing together the

required amount of soap and water, then adding the carbon disulfide. The water

should not be cooler than 60 F.; otherwise the soap will not readily dissolve.

Any amount of stock emulsion can be made by multiplying the total number of

gallons wanted by .26, .06, and .68, the results representing water, soap, and

carbon disulfide in gallons, respectively. Thus, to make a 50-gallon barrel of

stock emulsion, 13 gallons of water, 3 gallons of soap, and 34 gallons of carbon

disulfide are required.

Application of Chemicals

One gallon of stock emulsion is added to 50 gallons of water and stirreil, and

this diluted emulsion is applied at the rate of 1 gallon to the square foot of bed.

If formaldehyde is warranted, 2/3 gallon is added to each barrel of diluted emul-

sion. If the chemicals are diluted in barrels, pails are used to apply the solution

(Fig. 2). If a large tank is used, the solution may be run out into the beds by

gravity through lines of hose, or by pressure through an irrigation s\'stem (Fig. 3).

The solution must be agitated frequently.

The volume of the tank must be known in order to determine the number of

gallons of concentrated chemicals needed to make the proper strength. The vol-

ume of a cylindrical tank in cubic feet is determined by multiplying .7854 by the

square of the diameter of the tank and this result by the height. The volume of a

rectangular tank is determined by multiplying the width by the length by the

height. In either case, the result is then multiplied by 7.5 (representing the

number of gallons contained in 1 cubic foot), to obtain the capacity of the tank in

gallons. Since a 1-50 concentration of carbon disulfide is to be used, the capacity

of the tank is divided by 50. The result represents the number of gallons of stock

carbon disulfide emulsion needed. If formaldehyde is used alone or in combina-

tion with carbon disulfide emulsion, the volume of the tank is divided by 75 (2/3-

50 or 1-75) and the result represents the number of gallons of formaldehyde needed.

Treatment should begin in the far end of the greenhouse. The soil should be

in a moist condition and the beds should be dug over as the chemical is applied to

insure thorough soaking of the soil. It may be convenient to treat the soil in

sections corresponding to the areas between posts. The number of barrels of

chemical required is determined and this amount is used for each section in the

greenhouse. After the house has been treated in the manner described, the beds

should be wetted further with water. If carbon disulfide alone is used, the beds

may be planted in 6-7 days. If formaldehyde is used, an interval of 10 days may
be necessary, especially in cold weather. The safety of the beds for planting

may be determined by setting out a few plants; if the plants manifest no sign of

injury after 24 hours, the beds should be safe to plant.

Caution

Prolonged exposure to the carbon disulfid^gas causes severe headache, dizzi-

ness, and vomiting. It increases the heartbeat, and therefore persons having any
heart weakness are cautioned not to use it. The harmful features may be over-

come by shifting the help at the end of five hours, or by engaging the help for

not more than five hours each day until the work is completed. The men should

be cautioned to provide all available greenhouse ventilation during application.

Cool circulating air furnishes a more desirable atmosphere than warm, stagnant

air. The stock enuilsion of carbon disulfide should be located outdoors or in a well-

ventilated spot in the greenhouse, and the men should be cautioned to avoid its
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vapors as far as possible. The pure chemical is highly inflammable and explosive

and for this reason the men should be cautioned against smokingcr lighting matches

when using it.

SUMMARY

In greenhouses, soil treatments with carbon disulfide emulsion have given good

control of the root-knot nematode and have restored normal yields. A stock

emulsion containing 68 per cent carbon disulfide, 26 per cent water, and 6 per cent

rosin fish oil soap was diluted in water to make a 1-50 concentration and applied

to the soil at the rate of 1 gallon per square foot.

The cost for chemical materials is approximately nine-tenths of a cent per

square foot.

Where soil inhabiting fungous pathogenes are also present, the addition of 2/3

gallon of formaldehyde to the above formula is recommended.

Removal of the infested roots when the houses are cleaned out, decay of root

material remaining, and thoroughness of application contribute much to the

effectiveness of carbon disulfide emulsion in controlling the root-knot neniatode.

A delay of at least 2 to 3 weeks after the old crop is cleaned out before treatment,

during which interval the beds are kept moist and warm, assists in the decay of

the old roots. A further delay of one week after treatment is necessary before

planting.

Exposure to carbon disulfide for more than five hours at one time maj- cause

illness and this is an objection to its use. Suggestions are offered for avoiding this

danger.
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ANNUAL REPORT OF THE
MASSACHUSETTS AGRICULTURAL EXPERIMENT

STATION — 1932

INTRODUCTION
F. J. Sievers, Director

The year 1932 marks the fiftieth anniversary of the Massachusetts Agricultural

Experiment Station which was provided for by legislative act and founded in 1882.

In common with similar institutions established at about the same date in several

other states, the Massachusetts Station has a history covering a half century of

service to the American people. The influence of this service on the control of

insect pests, the prevention and cure of plant and animal diseases, the better

utilization of farm products, the more scientific management of soil, the more

systematic and economic feeding and handling of plants and animals, and in

general the better management of the entire farm has had a profound expression

in the inauguration of greater efficiency in agriculture and therefore, indirectly,

in all industry. Increased efficiency as a rule results in the establishment of a

so-called higher standard of living and a consequent demand for products and

services beyond those required for a bare existence. In agriculture it has resulted,

also, in a decrease in the labor necessary to maintain the same volume of produc-

tion, thus affording an opportunity for the employment of this released labor in

other industries and thereby providing for the many so-called lu.xuries of which

the automobile, radio, good roads, better housing and heating facilities, and more

liberal provision for education are good examples. For the enjoyment of luxuries

a certain amount of leisure is required, and fortunately for the American public,

the demand for luxuries and the leisure and income necessary to enjoy them kept

fairly uniform pace. Industry boomed, jobs were plentiful, confidence was abun-

dant, and credit unexcelled. Recently, however, when these major factors, which

require equilibrium for our successful operation, became unbalanced or dispro-

portionate we experienced an upset in our entire social and economic structure,

with the result that at present many of us find ourselves either with more leisure

than we can afford, or with more luxuries than our income can support. This

fundamental weakness in our social and economic relationships can be permanently

corrected only by recognizing the basic causes and dealing with them boldly and

without fear or prejudice. This country is adequately supplied, yes, if not over-

supplied, with all of the essentials of life. There is no universal lack of food,

clothing, shelter, and, last but not least, of human energy ready and willing to

apply itself. It is quite generally agreed that we suffer as individuals because of

inadequate distribution of an abundant supply of these essentials. Food is not

available where hunger exists. Clothing and good shelter are not accessible to

those suffering from exposure. But most fundamental of all is the lack of proper

distribution of labor or of the opportunity for all willing workers to make a living.

To right this condition requires not only courageous research, but a program free

from bias.

Of all agencies organized for public service there is none which should be better

equipped as regards experienced personnel than the agricultural experiment sta-

tions. These institutions, because of their habit and experience in approaching

without partiality problems requiring research, and also because of their record
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of acliie\emeiit in fieltis to which their enertjies ha\e been directed in the past,

should qualify to give aid in the development of a solution for our present prob-

lems of depression. There are already evidences that a constructive program

based on research is desired. It is not unreasonable to assume that the general

public is ready to place the same confidence in results gained by experiment

stations in this field that the farmer has, in discox'eries in the field of Agriculture.

It is a project worthy of our foremost consideration.

DEPARTMENT OF AGRICULTURAL ECONOMICS
Alexander E. Cance in Charge

Factors Affecting the Price of Eggs. (A. H. Lindsey.) Revised correla-

tion analysis shows that the price level is the most important factor affecting the

annual average price of eggs. For nearby eggs the annual average price decreases

5.68 cents for each 10-point decline in Snyder's index of price level. An increase

of 100,000 cases in Boston receipts lowers prices 1.5 cents. For western eggs

in the Boston market a 10-point decline in price level lowers the price 4.95 cents,

and an increase of 100,000 cases in receipts lowers the price for this grade 1.4

cents.

Further refinement of the influence of various factors at different periods ol the

year is being carried on covering 12 years of data instead of the original shorter

period of 6 years.

Forecasting devices worked out for estimating April average prices from Janu-

ary 1 and for estimating November average prices from June 1 have been found to

predict future prices quite accurately.

Work similar to the study of egg prices has been started on factors affecting

prices of live anrl dressed poultry.

Competitive Factors Influencing the Supply of Market Milk and Cream.
(A. H. Lindsey.) A survey was completed of milk supplies in all important

secondary markets outside of the Boston Metropolitan area. Information was

obtained as to percentage of Massachusetts supply, consumption of grade A and

pasteurized milk, price conditions, and policies in closed and open markets.

Some time was spent in gathering data from several milk distributors in or near

Worcester. For the five distributors visited, preliminary figures on daily milk

consumption for the month of April are as follows:

1928 1930 1932

Number of
Families
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growers must depend on other than local markets. It was desired that the study

should bring out the best methods of putting the apples on the more distant mar-

kets. The largest apple shippers in the State were visited in the survey. The
experiences of these men in shipping apples were studied in detail; such as the

comparative advantage of rail and truck shipments, packaging, grading, and

methods of contract with motor carriers. Case studies were made of freight bills

and of many cases in which legitimate and illegitimate charges were made against

the grower or shipper. The reports show that considerable saving could be made
by proper routing, and a knowledge of freight tariffs and tariff rules. It is in-

tended to carry on further investigation of the markets next fall.

Recreational and Forestry Uses of Land. (David Rozman.) This project

has been completed and the manuscript presented for publication. It points out

the place of recreational and forestry uses of land in working out a balanced pro-

gram of land utilization for the Commonwealth. The investigation indicates

that, largely as a result of the abandonment of farm land, about one-third of the

total area in towns with a population of less than 10,000 is owned by non-residents.

In the towns situated near the coast and in some inland towns the land owned by

non-residents is utilized to a great extent for recreational purposes. However,

most of the abandoned farm land held by non-residents is represented by idle

acres covered with brush and inferior woods. Although the indications are that

a considerable amount of the present area of idle land will be taken in the near

future for part-time farming and recreational uses, the major part of it will have

to be devoted to the growing of trees under the control of both public institutions

and private owners.

Marketing of Milk Secondary in Markets of Massachusetts. (David

Rozman.) This study, initiated in the spring of 1932, deals with the analysis of

marketing problems arising largely from changing conditions of milk supply in

secondary markets of Massachusetts. The field work was carried on last summer
in three cities situated outside of the Metropolitan area of Boston: Gardner in

Worcester County, Attleboro in Bristol County, and Newburyport in Essex

County. The data obtained in these cities include information on sources of

milk supply and condition of marketing machinery, covering the practices and

price plans of producers, distributors, dealers, cooperative organizations, and

other distributing agencies.

Consumer Demand for Eggs. (Lorian P. Jefferson.) This project is near-

ing completion. Much of the tabulation is done, and a considerable portion is in

manuscript form.

Changing Methods of Wholesale Distribution of Perishables. (Lorian

P. Jefferson.) This project becomes increasingly more timely as distributors

continue to seek better and less costly methods of marketing perishables and as

new distributing agencies enter the field. It is evident that a process of decentral-

ization is taking place in many places and in particular products. The warehous-

ing of chain-store products is becoming a matter of districts, rather than states or

larger regions. The Atlantic and Pacific chain, for example, now maintains

several more warehouses in New England than formerly. The wholesale distribu-

tion of meat in Boston shows this tendency to decentralization, there being now
several points at which meats are received and distributed.

Changes include certain new methods of handling credit and different methods

of payment for goods. The growing importance of the traveling jobber, trucker,

itinerant jobber, peddler — all these names being applied to the same agent —



ANNUAL REPORT, 1932 7

is one of the outstanding features of the changes taking place in distribution.

This is characteristic of no particular section of the country, and many are the

efforts on the part of wholesalers and regular jobbers to control or eliminate this

competition with their business. New England wholesalers seem not to suffer

greatly from one aspect of this method that is found in other sections, where

the traveling jobber buys directly from the grower and sells the product in the

market where it would otherwise have been handled by the regular trade.

These aspects of the problem have received some attention, but all must have

further investigation.

Analysis of Market Prices for Massachusetts Vegetables. (H. B. Rowe.)

This project, begun in 1930, includes the analysis of annual and weekly variations

in prices for eight leading vegetables on the Boston market: asparagus, cabbage,

carrots, celery, cucumbers, spinach, squash, and tomatoes. Daily price and

supply data have been tabulated for the ten-year period 1922-1931. From

these data annual and weekly series have been compiled. Conventional methods

of price analysis have been used in isolating and measuring the most important

relationships explaining price variations. The study has now been practically

completed through these stages for each vegetable except cabbage and cucumbers,

on which some further analysis is required. A beginning also has been made in

preparing the results for publication.

Results include the determination of fairly reliable relationships between prices,

supply, and seasonal variation in demand for asparagus, bunched and cut carrots,

Pascal and white celery, spring spinach, squash, winter and summer greenhouse

tomatoes, and field tomatoes. For each of these products the analysis has fur-

nished a very good explanation of the principal price variations which have

occurred during the period included in the study. Also it has been possible to

measure the relative importance of receipts from local farms and carlot arrivals

as price determinants. In general, local supplies and trend have been the most

important factors influencing year to year variations in prices for these products

during the period since 1922. Likewise, supplies from local sources and normal

seasonal changes account for the major price variations within the season. These

relationships appear to have remained practically unchanged throughout the

period. In the case of summer and fall spinach, results have been mostly nega-

tive in character, apparently due to tne wide range of quality covered by available

quotations. Results obtained from the project thus far contribute materially

to an understanding of the market situation for the vegetable-producing Industry

of Massachusetts, since they provide definite information regarding price move-

ments and their causes. Such knowledge permits a more reliable interpretation

of current market developments by producers as a basis for production and mar-

keting plans. Furthermore it gives a more dependable basis for outlook work

and shows the more important items which should be covered in current market

reports.

DEPARTMENT OF AGRICULTURAL ENGINEERING
C. I. Gunness in Charge

Investigation of Apple Storages. (C. I. Gunness.) A study of the effect

of humidity on evaporation from apples in storage at various temperatures was

started in the fall of 1931. Based on the first year's operation, it is apparent that

humidities of 70 and 75 per cent cause considerably more evaporation than a

humidity of 88 per cent at all temperatures. It was found, however, that the
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(liftercnce in rate of evaporation at various luiniiditieswas greater at high tempera-

tures. The study is being continued during the present season in an attempt to

narrow the range of humidities used and determine the lowest humidity which

can be safely used without causing shriveling.

Fertilizer Distributors. (C. I. C.unness). A fertilizer attachment was
developed for a tobacco transplanter, which would apply the relatively large

amount of fertilizer used in the Connecticut Valley and place the fertilizer in

bands on both sides of the row of plants. Tobacco was planted with fertilizer

applied at different depths and different distances from the row in a test carried

out and reported by the Department of Agronomy.

Test of Low-Lift Pumps. (C. I. Gunness.) Additional pumps were tested

at the Cranberry Station during the past season. The result of the tests made
during the past three years will be published at an early date.

DEPARTMENT OF AGRONOMY
A. B. Beaumont in Charge

Pasture Experiments. (A. B. Beaumont and E. F. Gaskill.) Experiments

in the improvement of upland pastures by top-dressing with fertilizers have been

continued. The results of 1932 are in general accord with those reported in re-

cent years and summarized in Bulletin 282 published recently.

Work is in progress on the question of form of nitrogen best suited to our pasture

conditions. Indications to date are that nitrates, ammonium salts, urea, and

calcium cyanamid can each be used advantageously under certain conditions.

Experiments with cyanamid have shown that when it is applied in amounts above

200 pounds per acre, a more or less transitory "burn" of grasses and clovers occurs,

regardless of the season of the year when applied; but this effect is not considered

a sufficient reason for not using this material.

Legume Variety Tests. (J. L. Haddock, A. B. Beaumont and M. C. Darnell,

in cooperation with Division Forage Crops and Diseases, Bureau of Plant Indus-

try, U.S.D.A.)

Alfalja. The highest-yielding varieties for 1932 were as follows:

1929 seeding: Hardigan (4.91 tons), Kansas, Arizona, Utah, and Ontario.

1930 seeding: New Mexico (4.75 tons), South African, California, Argen-

tine, and Oklahoma.

1931 seeding: Hardigan (4.63 tons), Argentine (4.63 tons). New Mexico

(19010), New Mexico (19011), and Grimm.

Jied Clover. Nineteen strains of red clover were seeded in 1931, and two cut-

tings were harvested in 1932. The results were similar to those reported last

year; namely, that the northern-grown American strains outyielded the European.

Tennessee (19002) gave the highest yield (3. 10 tons).

Vetch. In the test seeded in the fall of 1931 with rye as a companion crop, the

highest yield of vetch alone was from Smooth (0.702 tons), followed in order by

Oregon Hairy, Conunon Hairy, Hungarian, and Oregon Common. In the 1932

spring seeding with oats, the best yield of vetch alone was from Smooth (1.07 tons),

followeil by Oregon I'earl, Common Hairy, Hungarian, and Oregon Common.

Field Peas. Peas were seeded with oats as a companion crop in 1932. Golden

Vine gave the best yield (0.807 tons) of peas alone, followed in order by Chang,

O.A.C. 181, Multiplier, Common, and Austrian Winter.
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Soy Beans. In tlie test of 1932, several of the varieties which gave low yields

in previous years were discarded as being unsuitable for forage under conditions

here. Some new varieties were included in the test. The highest-yielding 10

varieties were: Mukden (new 1932) (2.59 tons hay), Wea, F.P.I. 50536 (new

1932), F.P.I. 63242-2 (new 1932), Dunfield, Harbinsoy, Manchu, F. C. 03654-A,

Mansoy, F.P.I. 53933-3B (2.33 tons). Rows were 36 inches apart in 1932, 30

inches in previous years.

Field Experiments with Onions. (M. E. Snell and A. B. Beaumont.)

Fertilizer ratios. The field experiments with lime and fertilizer ratios were

continued with no radical changes. This completes three years' records with

onion sets, which have proved better adapted to the work than seed onions. The

past season, the 4-12-8 (organic) and the 4-12-4 ratios (these figures refer to

percentage of NH3, P2O5, and K2O) were the only ones which yielded higher than

their 4-8-4 check plots. The 6-8-8, 4-8-8, 4-12-8 (inorganic), and the 2-12-8 ratios

were again poorer than their check plots.

Over the three-year period the 4-12-4, 4-12-8 (organic), and the 4-8-4 (with

2-0-0 nitrate top-dressing) gave slightly higher yields than their 4-8-4 check plots.

The 6-8-8, 2-12-8, 4-8-8, and 4-12-8 (inorganic) were all inferior to their check

plots. The 6-8-4, 8-16-8, and 4-7-4 (with 2-1-0 fish top-dressing) were about

equal to their check plots. Application of lime, in excess of three tons, gave an

increase in yield of 5 to 10 per cent for the three-year period. When the lime

was withheld and the phosphorus doubled with a 4-8-4 and a 4-12-4, the yield

was increased about 10 per cent. When 600 pounds per acre or 1200 pounds per

acre of superphosphate were supplied in addition to the 4-8-4, and lime was

applied annually for five years at the rate of 1000 pounds per acre instead of in

three 1-ton applications over a period of seven years, the increase was 21 and 27

per cent respectively. However, the same applications of superphosphate applieri

with 500 pounds of lime annually, gave but slight increase over the three 1-ton

applications without the extra superphosphate.

Onion set experiment. Last year some preliminary work was done in an attempt

to determine methods of getting maximum yields of a desired size of set for plant-

ing. Also, the effect of the conditions under which they were grown on the keep-

ing quality of the sets was studied. In these tests 50 pounds of seed per acre,

500 pounds per acre of a 4-12-8 fertilizer, and seetl distributed over a two-inch-

wide row proved the most satisfactory of the rates tried. The most desirable

size of set, 1/2 to 3/4 inch, showed least loss in storage from sprouting, decay, and

moisture loss. This size sprouted less than the largest size and decayed less

than the smallest two sizes. The lighter seedings and the wider rows showed less

loss than the heavier seedings and narrower rows. There was little decay where

500 pounds per acre of a 4-12-S fertilizer were used.

During the past season more extensive work was done. Four fertilizer levels

were used; namely, 500 pounds per acre of a 0-12-8, 2-12-8, and 4-12-8, and 1000

pountls of a 4-12-8. The rates of seeding were 30, 40, and 50 pounds per acre, and

the seed was distributed over one-, two-, and three-inch-wide rows with the 500

pounds per acre of the 4-12-8 fertilizer; but two-inch rows were used on all other

fertilizer treatments. It was again clearly shown that there is a balance between

the food supply and the population, which must be maintained in order to produce

maximum yields having a high percentage of a desired size. Forty pounds of seed

per acre were adequate with 500 pounds of the 2-12-8, but 50 pounds were needed

with 500 pounds of the 4-12-8; 1000 pounds per acre of the 4-12-8, even with a high

rate of seeding, supplied too much plant food for a good crop of sets. Five hun-
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(Ired poiiiKis of the 0-12-8 did not give a high yield of either total sets or sets of the

desired size; but gave a very high percentage of sets of the desired size, especially

with 30 and 40 pounds of seed per acre. In general, 30 pounds of seed per acre

were not enough for best results, and the three-inch rows seemed to give better

opportunity for development than the narrower rows. Several of the plots

yielded over 12,000 pounds per acre of sets of the 1/2- to 3/4-inch size.

Onion Breeding. (M. E. Snell.) This project was continued during the past

summer as previously, except for one change in technique. Previously two types

of inbreeding had been used. In one, designated as "mass fertilized," all bulbs

of each selection were planted close together and just before flowering were sur-

rounded by a netting-covered frame which permitted fertilization among bulbs of

the same strain. In the other, known as "self fertilized," each flower head was

given a separate covering. Since the two methods seemed to give very similar

results, and the former was the more expensive, it has been discontinued.

The seed from the inbred strains, which were crossed a year ago was planted,

and a few more cross-matings were made this year. A good crop of bulbs was
produced and is being housed in the new storage which was recently completed.

This storage should greatly facilitate the work by permitting bulbs to be carried

over for breeding purposes, which was not possible with the former facilities.

Field Experiments with Tobacco. (A. B. Beaumont and M. E. Snell.)

Cropping systems. Results of eight years (1924-1931) of experiments on the

elTect of cropping systems on the yield and quality of tobacco have been sum-

marized for publication in bulletin form. Cover crops were in general beneficial.

Of those studied, red top {Agrostis alba) was the most, and timothy {Phleum

pratense) the least beneficial. The highest yield was produced where tobacco

was grown continuously with fertilizer and a cover crop of red top, but the best

quality of tobacco was produced where manure was used as a supplement to the

fertilizer. Tobacco grown in rotation with other crops was low in yield and poor

in quality.

In the season of 1932 some changes were made in the cropping systems, in-

cluding the substitution of oats for rye as a cover crop. The concentration of the

nitrogen in the fertilizer used was raised from 4.1 per cent (used 1924-1931) to

5.0 per cent. Red top cover again produced the highest yield (1907 pounds)

of all cover crops used, but was slightly surpassed by the manure supplement

with no cover. In comparison with no-cover (check) plots, oats, timothy, and

rye cover crops depressed the yield in the order given. The yield from the rotation

plots was of the same low order as in previous years. The addition of sodium

nitrate and calcium nitrate to certain rows of tobacco in the rotation plots did not

increase yield but did raise the nitrate content of the soil to a high point. The

addition of dried peat in a similar way increased the yield of tobacco.

Form of nitrogen. The old experiment on single forms of nitrogen was modified

in 1932. One half the fertilizer nitrogen was supplied from cottonseed meal and

the other half from each of the tollov\ing carriers: sodium nitrate, ammonium
sulfate, urea, and calcium cyanamid. The standard fertilizer mixture containing

nitrogen from cottonseed meal, sodium nitrate, and calurea was used as a check.

In case of tobacco following tobacco, calcium cyanamid and the standard mixture

produced the highest yields, followed closely by ammonium sulfate, urea, and

sodium nitrate; but after timothy cover or sod, the order was standard mixture

(highest), ammonium sulfate, urea, sodium nitrate, and calcium cyanamid.

A new experiment on different proportions of organic and inorganic nitrogen
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for tobacco was started in 1032. The organic nitrogen was supplied by cotton-

seed meal, and the inorganic nitrogen by a mixture of equal parts of sodium

nitrate and ammonium sulfate. The fractions of organic nitrogen were 1/8, 2/8,

3/8 and 4/8 of the whole. Comparison was made with the standard mixture. The

highest yield (1954 pounds) was obtained with 1/8 organic 'nitrogen and 7/8 in-

organic, followed by 4/8, 3/8 and 2/8 organic. All mixtures yielded more than

the standard mixture. Since organic nitrogen is generally assumed to have an

especially favorable influence on quality of tobacco, it will be necessary to await

the sorting records for these treatments before they can be properly evaluated.

The experiment on different total amounts of nitrogen was discontinued in 1932.

Method of applying fertilizer. Prof. C. I. Gunness of the Agricultural Engineer-

ing Department modified the transplanting machine used in these experiments so

that fertilizer could be placed by the machine at the time of setting tobacco. The

fertilizer was placed in bands 3 inches wide at each side of the plant and 1 inch from

it. The standard broadcast application of 3500 pounds per acre was compared

with machine application of 4/8, 5/8 and 6/8 of the standard amount of fertilizer.

The average yields of tobacco (pounds per acre) were as follows:

Machine Broadcast
Application (Check)

4/8 Standard application 1846 Standard application 1822

5/8 Standard application 1732 Standard application 1855

6/8 Standard application 1861 Standard application 1881

Comparable experiments were conducted on several private farms of the

vicinity. Results obtained thus far from these experiments are similar to those

obtained on the station plots. On account of the possible residual effect of fer-

tilizers used in previous years, it will be necessary to continue this experiment

several years on the same field.

Distribution of Nitrogen in the Tobacco Plant. (W. S. Eisenmenger.)

Tobacco plants were grown in nutrient solutions for about one month. They were

then divided into four groups of fifty plants each. Two groups received the same

complete nutrient solution — one growing in normal light, the other growing in

complete darkness. From the other two groups nitrogen was withheld — one in

the light, the other in darkness. The plants were continued thus for eleven days.

At the end of this period all were harvested and divided into roots, stems, mid

vein and residual leaf portion. They were kept frozen until they were analyzed

for total and water soluble nitrogen, a - amino acids, ammonia, amides, protein,

peptid, humin, and nitrate nitrogen. The results indicated that much of the ni-

trate is reduced in the aerial portion of the plant, at or near the mid vein. Dark-

ness increased the nitrate and a-amino acid in the plants and decreased the leaf

weight. Withholding nitrogen lowered the dry weight of roots and stem.

The results of this investigation have been accepted for publication in the

Journal of Agricultural Research.

Toxicity of Aluminum for Tobacco. (W. S. Eisenmenger.) Tobacco

plants were grown in nutrient solutions for slightly less than two months. The

solutions were renewed every second day. For two days they grew in a complete

nutrient solution (Knop's), and on the succeeding two days the solution was the

same except that phosphates were withheld and aluminum citrate was added in

varying concentrations — 0, 2, 5, 15, 30, 50, 70, 85, 95, 98, and 100 per cent of .006

Mol. Definite toxicity effects were indicated in the dry weights of top and roots.

Similar toxicity effects are being determined for the seedling stage of soy beans,
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corn and burkwhcat in single-salt solutions. Also the ameliorating effects of

Ca, K, 01 1 and Mg ions in separate cultures are noted.

Majinesiuni Requirement of Crops. (A. B. Beaumont and M. E. Snell.)

The crops grown in the field in 1932 were alsike clover, buckwheat, soy beans, corn,

and oats. Oats on magnesium-deficient plots exhibited a marked chlorosis of

intervenous leaf tissue in the early stages of growth, but lost this sympton in later

stages. Buckwheat and corn developed mottled chlorotic leaves in the late-

growth stages. Only in case of buckwheat was the yield better on plots which

received magesium sulfate than on magnesium-deficient plots.

Top-dressing Grasslands with Fertilizers. (A. B. Beaumont and M. E. Snell.)

Fertilizer ratios. This experiment was expanded in 1932 to include a wider

range of ratios. In both the old and the new portions of the experiment the results

show a definite response to increments of potash only. The highest yield was from

fertilizer having a ratio of 3:3:8 (N:P205:K20). High nitrogen failed to rank

as high as in the past four years, probably because a second cutting could not be

made on account of the drought of the latter part of the summer.

Forms of nitrogen. In a new experiment in the top-dressing of an old mowing

(meadow) with different commercial forms of nitrogen, the highest yield was ob-

tained from nitrate of soda, followed by ammonium sulfate, urea, and calcium

cyanamid in order. Here, again, on account of dry weather no second cutting

was available, and this may have affected the order of the results.

Assimilation of Fixed Nitrogen by Grasses and Clovers. (A. B. Beaumont,

W. S. Eisenmenger and W. J. Moore.) Five species of grasses and clovers used for

forage were grown in sterilized and unsterilized solution cultures which contained

sodium nitrate, ammonium sulfate, or urea in addition to the requisite minerals.

From the weight of dry matter produced and from the chemical composition, it

was conclufled that nitrogen was assimilated most completely in the fcrm of

nitrate by the grasses, and in the form of urea by the clovers. In the later stages

of growth, ammonium sulfate and urea became toxic to both grasses and clover.

In the unsterilized cultures the roots became dark and decayed, but in the sterilized

cultures they remained white and sound. In explanation of the darkening and

decay of the roots, the narrowing of the C-N ratio by the accumulation of unas-

similated nitrogen in the roots is suggested. The addition of calcium carbonate

to the ammonium sulfate solution maintained the reaction near the neutral point,

but this did not prevent the injurious action on the roots, nor did it materially

increase the growth of the plant and the assimilation of nitrogen.

Nitrification of Castor Pomace, Soy Bean Meal, and Other Organic

Materials. (M. H. Cubbon.) Nitrate nitrogen accumulation in an acid soil of

low fertility as influenced by the above materials was studied in the laboratory

over a three-month period. Readings were taken at 10-day intervals. The nitro-

gen content of the castor pomace samples varied from 4.36 to 5.80 per cent. In

three months' time 75 to 100 per cent of the nitrogen in castor pomace and soy

bean meal was nitrified. High oil content (10.24 per cent in castor pomace and

18.62 per cent in soy bean meal) slightly hindered but did not prevent nitrate

accumulation. Nearly half the nitrogen in such organic materials as peanut shell

meal, garbage tankage, ground peat, "soil sponge," and "hyper humus" changed

to nitrate in three months. Peanut shell meal caused a decided depression of

nitrates for the first month. Nitrate accumulation from sulfate of ammonia

proceeded at average level after the first month. Apparently a month is necessary

in this soil for nitrate accumulation to be noticeable.
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Effect of Varying Amounts of Moisture and Organic Materials on Soil

Nitrates. (M. H. Cubbon.) Nitrate nitrogen was produced in large quantities

in potted soils which had been treated with different (and large) amounts of

domestic peat and manure. The moisture content was purposely varied in differ-

ent pots. Nitrates increased with increase of moisture up to about 35 per cent.

Nitrate nitrogen disappeared from the soil, or was greatly reduced, when turnips

began to grow vigorously. Soils which received excessive amounts of manure

(80 tons), or peat equivalent to 20 tons of manure, maintained a relatively high

nitrate nitrogen content throughout the growing season. (This is part of a study

of factors affecting "dark center" of turnips, in cooperation with the Department

of Olericulture.)

Fine Turf Grasses. (L. S. Dickinson.) Further studies have been made

regarding the desirability of pre-seeding fertilization of newly built or newly seeded

turf areas, and a check experiment has been conducted to verify the results ob-

tained in 1931. Nitrogen, phosphorus, and potash were applied singly and in

combinations prior to seeding with Kentucky bluegrass and Colonial bent. The

check experiments were conducted in deep boxes, placed out of doors and unpro-

tected. The results obtained again indicate that on normal soils pre-seeding

fertilization with anything but superphosphate or a single phosphorus carrier is

unnecessary'. Also, that stronger young plants are obtained without pre-seeding

nitrogen and potash, and that the plants will more economically use fertilizer

applied as a top-dressing when they are from 60 to 70 days old. This project was

made possible by the New England Greenkeepers' Association.

The plots maintained in cooperation with the United .States Golf Association,

and the nine-year-old lawn plots on one of the regular campus lawn areas, are the

only plots that are now being maintained, due to the decrease in funds.

A new project, made possible by Brague Inc., has been started to determine the

advisable amounts of peat to be mixed with various types of soil to improve the

physical condition. This involves a study of methods of determining, easily

and quickly, yet with practical reliability, the physical strength of soil samples.

A study is being made, also, of methods of establishing definite soil standards to

use in comparative work.

DEPARTMENT OF BACTERIOLOGY
Leon A. Bradley in Charge

Nitrogen Fixation in the Presence of or as a Result of Legumes Versus

Non-Legumes. (J. E. P'uller.) Additional studies have been made to deter-

mine the activity of nitrification and carbon-dioxide evolution, for the purpose

of comparing these activities with nitrogen fixation in the same field in which pre-

vious studies have been made. Dried blood and ammonium sulfate respectively

were added to the soil, and the rate of nitrification of these substances was deter-

mined. Carbon-dioxide evolution was determined from soil samples to which oat

straw had been added. All of the experiments were carried out in pots in the

laboratory. The soil samples studied represented two lots, one lot having been

collected before the field was plowed in the spring, and the other in the fall after

the crops had been harvested. No infiuence was observed, on the part of the

legume crop as compared with the non-legume crop, on nitrification or cellulose

decomposition. A paper describing the study in detail has been accepted for

publication in Soil Science,

Influence of Temperature on the Nitrate Content of Soil in the Presence

of Decomposing Cellulose. (J. E. Fuller and L. H. Jones.) This study was
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carried out in cooperation with the Department of Botany. The results of the

experiments have been published {Soil Science 34:337-351, 1932), and reference

may be made to the published paper for details of the study.

Application of the Soil Plaque Method for Determining Mineral Defi-

ciencies in Massachusetts Soils. (J. E. Fuller.) The method depends on the

growth of Azotobacter as an indicator of the presence in the soil of minerals essen-

tial to the growth of crops. The results obtained from the soils studied indicated

that the method cannot be depended upon for determining the deficiency of avail-

able phosphorus under the conditions existing in the field from which the samples

were taken. It was observed that the soils did not contain sufficient phosphorus

to support Azotobacter growth, even though the field from which the samples

were taken had produced satisfactory crops. Further studies are being made with

soil samples collected from more widely distributed areas.

Bacteriological Studies of Dried Milk Powders. (J. E. Fuller and R. L.

France.) Several samples of dried milk powder were examined for the presence

of the tubercle bacillus in order to determine the safety of the pow-der for feeding

calves. Some of the samples were from milk powder dried by the roller process;

others, from milk powder dried by the spray process. The latter, being easily

soluble in water, were made into solution and inoculated into guinea pigs. The

animals of this group were observed for a month and then killed. The milk powder

dried by the roller process was only partially soluble in water, so the powder was

mixed with other food and fed to guinea pigs. The animals of this group were

observed for two months and then killed. Both groups of guinea pigs appeared

to be healthy throughout the periods of observation. The weights of all of the ani-

mals showed gradual increase. Autopsies did not show any evidence of tubercular

infection in any of the animals. The experiments indicated that the milk powders

studied did not contain tubercle bacilli. These results agreed w ith those obtained

by other investigators.

Udder Infection in a Cow. (J. E. P'uller and R. L. France.) The udder

infection studied occurred in a cow of the experiment station herd. An organism

was isolated from the milk and also from the udder when the cow was killed.

The blood serum of the cow agglutinated the organism to a titer of 1 to

1,280. The study will be reported more in detail at a later date.

Laboratory Service. (R. L. France.) Following is a list of the number and

types of examinations made by the laboratory during the past year:

Milk (bacteria counts) 1,160

Water analysis < 123

Miscellaneous:

*Butter fat 197

*Milk solids 7

Baby foods 12

Throat swabs 10

Chlorine 4

^'east 2

Powdered milk 1

Anaerobes 1

Food poisoning 1

TOTAI 1,518

Analysis made by P. H. Smith, Feed Control Laboratory.
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This is an increase of 270 examinations over the previous year, due mostly to

bacterial and chemical examinations of milk. This phase of the service has in-

creased yearly, and the laboratory is providing a valuable service to milk pro-

ducers, dairymen and local health inspectors throughout the Valley.

The number of water analyses has shown a decrease during the past year. This

is probably due to the fact that the laboratory is unable to make a sanitary survey

of the supplies examined. Without this survey it is impossible to offer construc-

tive suggestions in the care of polluted supplies.

The stock of legume cultures has been kept intact and these were furnished to

farmers requesting them for inoculation of leguminous plants.

Upon request of the Horticultural Manufactures Department bacterial exami-

nation of samples of a new baby food were made.

Bacterial counts of milk samples held under different cooling methods were

made for the Dairy Department.

The Indol Tolerance of the Colon-Aerogenes Group of Bacteria as a

Possible Means of Differentiating Fecal and Non-Fecal Strains Occurring

in Drinking-Water Supplies. (R. L. France.) Preliminary work on this proj-

ect has been completed and accepted for publication in the Journal of Bacteriology

under the title, "Bacterium coli in rural privately owned water supplies."

The results obtained in this investigation suggest that dependence on the Stan-

dard Methods procedure alone for determining the sanitary quality of drinking

water, especially from privately owned supplies of unknown hi.story, results in

too many of the samples being condemned. The need of supplementary differen-

tial tests is indicated, but results do not justify the recommendation of any parti-

cular test or group of tests.

In an effort to derive a satisfactory test, work is being done to determine the

indol tolerance of strains of the Colon-aerogenes group of bacteria. Results to

date do not justify any statement regarding sharp differences among strains.

DEPARTMENT OF BOTANY
A. Vincent Osmun in Charge

Black Root-Rot of Tobacco. (\V. L. Doran.) Tobacco was grown for the

tenth successive year in plots last limed in 1923. In 1932, there was no black root-

rot in plots not limed, the soil of which has a pH value of 5.2, but the disease was

moderately severe in adjacent limed plots, the soil of which has a pH value of 5.9.

The average yields of tobacco per acre in 1932 were 1906 pounds in plots not

limed and 1559 pounds, or 18 per cent less, in plots limed. The persistence of the

effects of lime on black root-rot and yields of tobacco is indicated by the fact that,

with lime last applied in 1923, loss in yield in limed plots (as compared with yield

in plots net limed) has been as follows: 10 per cent in 1924, 45 per cent in

1925, 43 per cent in 1926, 35 per cent in 1927, 23 per cent in 1929, 25 per cent in

1930, 16 per cent in 1931, and 18 per cent in 1932. The sorting record of the crop

of 1931 (the latest crop sorted) showed that lime applied in 1923 was still resulting

in impaired quality as well as reduced yields. The fire-holding capacity of the

crop of 1931 was not injured by lime, however.

In pot experiments, infection of tobacco by Thielavia basicola (Berk, anil Br.)

2opf was much reduced or, more often, entirely prevented by ammonium thio-

cyanate applied to soil at the rate of 900 pounds per acre. This rate of application

was as effective in preventing infection as were heavier applications. It resulted,

however, in soil toxic to tobacco for 18 weeks, although not for 25 weeks, after
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treatment. The length of time toxicity persistefl was not shcrtened Ijy tlie supple-

mentary use of ferric chloride.

Calcium cyanide applied to soil at rates up to 1800 pounds per acre did not pre-

vent infection of tobacco by Thielavia. Heavier applications reduced the severity

of infection without increasing soil acidity, but were toxic to plants.

Brown Root-Rot of Tobacco. (W. L. Doran.) When this disease developed

following timothy in a cropping system, it was usually more severe in clay soils

than in sandy soils. The addition of timothy to a soil was sometimes beneficial

to tobacco, the benefit being greater in sandy soils than in clay soils. In

general, timothy when followed by brown root-rot of tobacco was less harmful

in sandy than in clay soils; and timothy when it did not result in brown root-rot

of tobacco was followed by better growth of tobacco in sandy than in clay soils.

Disease Resistance of Potato Varieties. (W. L. Doran.) The varieties

Green Mountain, Katahdin, and Foster's Rust-proof were compared. There was

no late-blight and there was little or none of the virus diseases. The season was

dry and there was much injury of Green Mountain and Katahdin by drought,

tip burn, and insects (aphis and leafhopper). Under these conditions, Foster's

Rust-proof was much more resistant and long-lived than either Green Mountain

or Katahdin.

Downy Mildews of Cucumbers and Lettuce. (W. L. Doran.) Downy
mildew of cucumbers {Peronoplasmopara ciibensis (B. & C.) Clint.) was not ob-

served here in 1931, but it appeared on August 18 in 1932. This is the latest re-

corded date of its first appearance here in any year. An account of investigations

of this disease by the writer has been published recently in Bulletin 283.

It was found that resin has a markedly fungicidal effect on P. ctibensis. A
stock solution was made of resin 5 parts, wood alcohol 5 parts, and potassium

hydroxide 1 part. This was then diluted with water so as to contain resin in the

proportions indicated below. Infection of cucumber plants, sprayed with resin

solutions previous to inoculating with P. ciihensis, was entirely prevented by

resin 1:150 and reduced to only a trace by resin 1:200. There was no injury to

cucumber plants by resin 1:150, although they were slightly injured by resin

1:100.

Downy mildew of lettuce {Brcniia lactucae E. Regel) was severe on the variety

Bel-May in greenhouses in April 1932, although this variety had been previously

considered relatively resistant.

The resistance of certain varieties of lettuce was shown by the average number

of plants which became infected out of each 100 plants inoculated with B. lactucae.

These were as follows: Dreer's Wonderful, 25; Sutton's Golden Ball, 24; Rosy

Spring, 3; Dreer's Iceberg, 1 ; Loos Tennis Ball, 0; Loos Tennis Ball (Vilmcrin's), 0.

Germination of the conidia of this fungus was prevented when the conidia, in

water, were placed on micro-slides which had been sprayed with resin 1:100. A
0.25 per cent solution of sodium tetraborate (borax) similarly used was likewise

effective in preventing germination. Aidiydrous sodium carbonate was ineffective

at the concentrations used.

With over 90 per cent of these conidia germinating in water, less than 10 per

cent germinated in a 1 per cent water solution of the exudate from cut stems of

lettuce plants.

Sporulation oiB. lactucae was entirely prevented by dusting infected plants with

sulfur dust. Copper-lime-arsenic dust was nearly as effective.

Eggplant Wilt. (E. V. Guba, Waltham.) Growth of Verticillium in culture

occurred at a range of 50°-95° F., with the optimum at 78°. The best growth of
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eggplant occurred at a soil temperature range ol 77°-95° F., and most infection at

77°. No infection occurred at soil temperatures of 55.4° and 95° F.

When aluminum sulfate was used to acidify the soil, no infection occurred at pH
values below 5.0; and when inoculated sulfur was used, there was slight infection

at pH 4.0-4.2. Aluminum sulfate gave more consistent control of wilt at the low

values than sulfur.

Results of field applications of aluminum sulfate and sulfur were disappointing

and revealed no justification for artificial soil acidification in the field as a means

of control. The culture of eggplant on naturally acid sod land offers the best

means of controlling wilt. The investigation is concluded with this report.

Control of Greenhouse Vegetable Diseases. (K. F. (iuba, Waltham.)

Tomato leaj-mold. Extensive tests reveal the lack of immunity among any

varieties of tomatoes to attack by Cladosporium fulvum Cke., but some varieties

show a mild resistance as expressed in slight spore production, belated infection,

and yellow spots, in contrast to a rich growth of the fungus on foliage of susceptible

varieties. The varieties Maincrop, Up-to-Date, Norduke, and Norton were most

resistant. Maincrop and Up-to-Date produce small, smooth tomatoes and set

heavily; Norduke and Norton produce large, rough tomatoes and set verj' poorly

under glass. Reciprocal crosses of these varieties have been obtained for future

study. Riverside X Up-to-Date, Stonnors M. P. X Up-to-Date, Maincrop X
Up-to-Date, and E. S. 1 X Up-to-Date, crosses made by Dr. W. F. Bewley of

Fuigland for resistance to Cladosporium, are similar to Maincrop and Up-to-Date

in cropping characters and resistance. Of these four hybrids, Stonnors M. P.

X Up-to-Date and Maincrop X Up-to-Date were most resistant. These hybrids

have been crossed further with Norton and Norduke in the hope of developing

a suitable greenhouse tomato which is, at least, less troubled by the disease

than the standard varieties now being grown.

A paper dealing with the relation of environment to the development and control

of tomato leaf-mold under glass is in preparation.

Effect of hydrocyanic acid gas on cucumber plants sprayed with copper fungicides.

Cucumber plants were always injured when gas followed copper fungicides con-

taining calcium hydroxide, sodium hydroxide, or sodium carbonate. Even when

the alkali compound was reduced to produce neutral mixtures, injury resulted

after gas. Injury occurred regardless of whether the gas was evolved from Cyano-

gas or from sodium cyanide, or whether chemical hydrated lime, milk of lime, or

lime water was used in the preparation of Bordeaux.

Injury was always correlated with water soluble copper which increased with

the amount of alkali present in the spray.

Residues of Bordeaux on glass acted upon by gas yielded soluble copper and

hydrocyanic acid gas, and these occurred in a fairly constant ratio. The toxic

salt is presumably calcium cuprocyanide CaCu2(CN)45H20.
If spraying greenhouse cucumbers with Bordeaux is warranted, fumigation

with hydrocyanic acid gas should precede the copper treatment, or cyanide fumiga-

tion should be abandoned in favor of tobacco fumigants. The investigation is

concluded with this report.

Control of the root-knot uonatodc in greenlionses with carbon disidfldc emulsion.

This investigation has been completed and the results published in Bulletin 292.

Eradication of Nematodes in Greenhouse Soils by the Use of Chemicals.

(L. H. Jones.) In further experiments, using a mixture of liquid orthodichloro-

benzene adsorbed in diatomaceous earth and calcium cyanide, nematodes were

eradicated from soil in six-inch flower pots that was heavily inoculated with large
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nematode galls from tomato roots. Orthodictilorobenzene adsorbed bydiatoma-

ceoiis earth and lacking calcium cyanide has little nemacidal value. Calcium

cyanide alone will materially reduce the injury caused by nematodes, but the

addition of orthodichlorobenzene prolongs the nemacidal activity of the cyanide

and has effected eradication.

The most effective mixture from the standpoint of eradication without subse-

quent injury to seed germination and plant growth proved to be, by weight: 1

part orthodichlorobenzene (12.5 grams) adsorbed by 4 parts diatomaceous earth

(50 grams) and then mixed with 2 parts calcium cyanide (Cyanogas) (25 grams).

Two treatments of the soil are necessary with this mixture, with an intervening

interval of a week, and a final interval of 10 days before seed is planted.

Acetic Acid and Pyroligneous Acid as Soil Disinfectants. (W. L. Doran.)

It was found that either of these chemicals can be substituted for formaldehyde

for soil disinfection to prevent damping-off, and at less cost than formaldehyde.

A description of this work has been published in the Journal oj Agricultural Re-

search 44:571-578, April 1, 1932, under the title, "Acetic acid and pyroligneous

acid in comparison with formaldehyde as soil disinfectants." Undistilled pyro-

ligneous acid was more effective than the distilled.

Germination of onion seeds was not injured by pyroligneous acid 6:100, 65

gallons per acre, applied to soil in the open row at the time of seeding. This treat-

ment did not entirely prevent onion smut, however.

A dust containing 6 per cent glacial acetic acid (in diatomaceous earth), when

applied to soil at the rate of 42.5 grams per square foot, afforded less complete

protection against damping-off than did acetic acid applied in water to the soil.

This dust applied to soil immediately before seeding did not injure the germina-

tion of beet and tobacco seeds.

Carnation Blight (Alternaria dianthi S. SaU.). (E. F. Guba, Waltham.)

Production of the best blooms was lowest with December cuttings and highest

with March cuttings when benching was done on July 20, and this was influenced

by a corresponding difference in the prevalence of both Alternaria blight and

Fusarium wilt. E.\tensive observations in carnation nurseries in 1931 indicated

a correlation between greater prevalence of disease and early propagation. Heavy

rains in the summer of 1931 were an important factor influencing the losses from

these diseases, but benching in advance of the heavy rains in July contributed

greatly to their effective control.

In a test of the control of blight in the field with fungicides, Bordeaux 4:4:50

containing one pound of calcium arsenate and one-half pint of fish oil gave the

best control. A spray of nicotine sulfate, salt, and fish oil, which is used occasion-

ally to combat red spider on carnations under glass, was not an effective treat-

ment for blight, and a spray of zinc sulfate, lime, aluminum sulfate, and fish

oil, recommended in the Middle West for controlling the bacterial spot of carna-

tions (Bacterium woodsii EFS), was of no value.

With the present crop, results have been obtained which show the value of using

Bordeaux in the field. Results also show that early housing is of far greater value

in the control of blight, and where practiced the use of fungicides in the field

would appear not to be warranted.

Strawberry Gold Leaf. (K. F. Guba, Waltham.) This trouble is genetic

and non-infectious, subject to modification by the environment. Seedlings of

Howard 17 develop the characteristic symptoms o'f chlorosis. Degeneration of

chlorophyll which is associated with this disease accounts for weak growth and

often death. Badly chlorotic seedlings succumb soon after the leaves appear.
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Adherence to asexual propagation from the original Howard 17 don is apparently

effective in avoiding the disease.

Forcing Gladiolus with the Aid of Artificial Light. (L.H.Jones.) In an

effort to determine how many nights gladiolus (Crimson Glow) should receive

artificial light (from 500-watt bulbs), a succession of plots was arranged to receive

artificial light for one, two, three, and so on up to, and including, fifteen weeks.

The check plot received no artificial light. Owing to poor soil, the results were not

wholly satisfactory, but the trend of results checked with the results of previous

experiments. Flowering spikes occurred when daylight was supplemented with

artificial light in growing Crimson Glow planted in early autumn. Practically

no flower spikes were developed when no artificial light was supplied. The greater

number of flowering spikes was found in the group of plots that received the light

for more than six weeks after the first leaf appeared above ground. Some flower

spikes were developed in the plots receiving light for three and four weeks, and they

bloomed earlier than flowering spikes receiving more light. This early blooming

is consistent with previous results which have shown that, although artificial

light aids in the development of flowering spikes, it also retards the date of bloom-

ing.

Plant Containers. (L. H. Jones.) In a continuation of the investigation of

the effect of type of flower pot on plant growth, there has been no indication that

the degree of soil acidity was altered in its range of fluctuation by either a non-

porous wall or the absence of a drainage hole. Aeration of soils in both porous

and non-porous types of flower pots takes place through the surface of the soil.

By means of rubber vacuum discs, it was demonstrated that air did not pass

through the wall of a moist clay flower pot. Two-thirds of the evaporation of

moisture from fallow soils in clay pots on a dry surface took place through the

wall of the pot, indicating that there was twice as much movement of water

laterally as vertically. When the clay pot was on a moist surface, a considerable

proportion of the moisture lost was replaced from the moist surface, and this

replacement was inversely proportional to the amount of moisture in the soil of

the pot.

Root development in the clay flower pot takes place, for the most part, adjacent

to the inside wall of the pot. However, in plant containers of paper, glass, and
metal, the root system ramifies through the soil mass with but a very small pro-

portion of the roots occurring next to the wall of the container. The type and

amount of root distribution is more closely related to moisture conditions in the

soil, and possibly to nutrient relations, than to soil aeration.

Plant containers made of paper resistant to the decomposing action of soil

organisms have proved satisfactory for the germination of seeds, production of

seedlings, and development of plants. Paper pots made of heavy paper that

decomposed, induced a nitrogen deficiency in the soil. However, if the paper

was light weight, the pot was practically destroyed before a nitrogen deficiency

occurred.

To moisten properly the soil mass in clay pots which became dry, two normal

waterings were necessary. F"or non -porous containers, one normal watering was

sufficient to accomplish the same object.

Nutrient Factors in Relation to the Region of Root Distribution in

Plant Containers. (H. E). Haskins and L. II. Jones.) I'reliminary work has

laid the foundation for an investigation concerning the relation of nutrient move-

ment in plant containers to moisture movement as influenced by evaporation

forces. Bottom watering was followed by resulting incrustations on the surface
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of the soil ill tiic non-porous pots, but not in the porous pots. In the non-porous

container, the only place where evaporation can occur is at the soil surface. In

the porous pots, there is a greater loss of soil moisture through the wall of the pot

than from the soil surface. It thus appears that the soluble salts move in the

same direction as the moisture. Chemical analysis showed that, in soils in

clay pots, the disappearance of nutrients became successively slower from the

region near the pot wall to the center of the soil mass. In a porous or clay pot the

most extensive root development takes place near the inner surface of the pot;

while in a non-porous pot the root system ramifies throughout the entire soil mass.

Diseases of Outstanding Importance in 1932. (O. C. Boyd and \Y. H.

Davis.)

Cherry bacterial blight (believed to be due to Bactcvinni ccrasi F. L. Cyriffin

rather than B. priiui EPS.).

Downy mildew {Pscudoperoiwspor-a ciibcusis (Berk, and Curt.) Rostew.) of

summer squash and Blue Hubbard winter squash.

Anthracnose of watermelon caused by Collctotrichiiui lugciiarijun. (Pass.) Ell.

and Hals.

Twig blight and canker of Junipenis sp. caused by Phomopsis sp.

Bacterial spot of carnation caused hy Bacterium li'oodsii EPS.

Peach scab caused by Cladosporium carpophUian Thuem.

Pear scab caused by Venturia pyrina Aderh.

Eire blight of pear, apple, and quince caused by Bacillus awylovorns (Burr.)

Trev., largely confined to yard trees and neglected orchards.

Spur blight of raspberry caused by Mycosphaerella ruhina (Pk.) Jacz. on Her-

bert and other red varieties; anthracnose caused by Plectodiscella vcncta (Speg.)

Burk. on both red and black varieties; Mycosphaerella rubi E. \V. Roark, although

not unusually prevalent on foliage, caused severe girdling of bearing canes of red

varieties on Cape Cod.

Gray mold rot of strawberry caused hy Botrytis cinerea Auct.; stunt, barrenness,

and early dying cf strawberry plants, apparently due to the disease, "dwarf" or

"crimps," caused by the nematode, Pathoaphelenchus fragariae

.

Bacterial wilt of cucurbits caused by Bacillus trachcipMlus EPS.

Downy mildew of cucumbers and muskmelons.

Wilt of winter squash caused by Mycosphaerella citndlina (C. O. Smith) Gross.

Early blight of celery caused by Cercospora apii Presen.

I^ean Blights caused hy Bacterium phaseoli EPS. and 5. mcdicaginis phaseolicola.

Downy mildew of onion {Peronospora schleideni LTng.).

Mosaic of tobacco.

Cytospora canker of Blue and Norway spruces, caused by Cytospdra sp.

Peony blight caused hy Botrytis paeoniae Oud.

Hollyhock rust {Puccinia malvacearum C. G. Bertero).

Delphinium black spot caused hy Bacterium delphinii (EPS.) ikyan.

Tulip blight caused hy Botrytis tidipae (Lib.) E. V. Hopkins.

Rose black spot caused by Diplocarpon rosae Wolf, and powdery mildew,

Sphaerotheca pannosa (Wallr.) Lev.

Iris rhizome soft-rot caused hy Bacillus carotovorus L. R. Jones.

Bacterial wilt of sweet corn, caused by Aplanobacter stewartii (EPS.) McC.

Smut, Ustilago zeae (Beckm.) Ung., caused more loss to corn than all other dis-

eases combined and appeared to be more damaging than in the average season.

Late blight of tomatoes, caused by Phytophthora injcstans (Mont.) DeBary,

which ordinarily causes very slight or no damage in Massachusetts, assumed
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epidemic form in September, and destroyed not only tlie last pickings of the early

crops hut practically all of the late fields in the eastern half of the State. In

addition, it ruined varying portions of the fall crop in many greenhouses in the

Boston Market Garden section. The disease did not reach the Connecticut

Valley crops until shortly before the fields were abandoned because of freeze injury.

The only previously reported occurrence of this disease in Massachusetts was in

1905, when the damage was slight.

THE CRANBERRY STATION
(East Wareharn, Massachusetts)

H. J. Franklin in Charge

Injurious and Beneficial Insects Affecting the Cranberry. (H. J. Frank-

lin.)

Control of the cranberry root grub {Amphicoma vulpina). Some of the cranberry

growers now have very efificient rigs for treating this pest with cyanide solution.

Three-quarters of an acre a day can be treated with one of them at a cost of not

over $55 an acre, with the present wage scale. However, this treatment never

kills quite all of the grubs and so probably must be repeated in about ten years.

Because of this and the cost of the treatment, it has seemed desirable to develop a

control by flooding if possible. In this connection, the season's experience in the

flooding of two badly infested bogs seems highly suggestive. On one of these bogs

the full winter flood was held till July 4. This very late holding of the winter

water failed to reduce the grub infestation noticeably. The winter flood was re-

moved from the other bog on April 3, and the bog was reflooded again from May 16

to July 9, the water ranging from 6 inches to 2 feet deep over the sand surface.

The temperature of the water of this reflow was taken in two widely separated

locations carefully selected to represent average conditions, at depths of 6 inches

and 1 foot, at 7 a. m. and 2 p. m. from May 27 to July 9, inclusive. The following

table shows the range of these temperatures.

Months Highest

May (S days) Lowest

Average

Highest

June (30 days) Lowest

Average

Highest

July (9 days) Lowest

Average

So few of the grubs survived this reflow that they could hardly be found. It

seems certain that the grubs were killed by the long reflow following, after a con-

siderable period, early removal of the winter flood; but as the results of this treat-

ment were so markedly different from those obtained by very late holding of the

winter water, it should be tried further.

It was observed that the false blossom leafhopper iOphiola) hatched in con-

siderable numbers on both bogs after the late flooding operations described above.

Pyrethrum dust. (Dr. E. A. Richmond, employed locally by the Crop Protection

Institute, cooperating.) The last annual report of the Cranberry Station con-
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tained a brief statement of the results of tests to control certain cranberry pests

with pyrethruni dust mixed with a gypsum diluent of 300-mesh fineness. Al! that

dusting was done with hand dusters.

This year work with this dust was continued, but with a Root power duster

mounted on a carriage home-made for use on cranberry bogs. In general the

results of this work were highly satisfactory. The rig was drawn around on the

bogs by two men, and they evidently injured the vines no more than spraying

operations do.

Many tests were conducted in which different quantities of a mixture of the

dust, made up of 1 part of pyrethrum and 9 parts of gypsum by weight, were

applied in treating the false blossom leafhopper {Ophiola striatida). As little as 70

pounds to an acre gave a satisfactory kill in some cases; but because of the varia-

tion of pyrethrum in toxicity and of the difficulty of making an entirely even dis-

tribution of the dust, it was finally found that 100 pounds was about the right

amount to use. Reasonably careful dusting with this amount of the mixture was
commonly found to kill 99 per cent of the hoppers present. This treatment was a

more effective and generally more satisfactory control for this insect than either

spraying or flooding have ever been. It was also cheaper than spraying. Perhaps

its most important advantage over flooding and spraying is that it may be applied

without any risk when the vines are in full bloom and all the hoppers have hatched.

A dust mixture of 4 parts of pyrethrum and 6 parts of gypsum, by weight, used

at the rate of 100 pounds to the acre, proved as effective as a pyrethrum soap spray

for the control of the second brood of the black-headed fireworm {Rhopobota

vacciniana) when the worms were small but rather well sewed up in the cranberry

tips. This dust has not been tried against the first brood of this insect.

One part of pyrethrum to nine parts of gypsum, applied with hand dusters,

was fairly effective in killing the moths of the cranberry girdler (Crambus hort-

tielhis), but it is probable that a 2 to 8 mixture is advisable for this purpose.

Gypsy moth and contact sprays. The gypsy moth was very abundant this year

in a large part cf the Cape Cod region. As this prevalence came after several

years of relative scarcity, it caught a good many of the cranberry growers napping,

and bog infestations were rather generally neglected till the worms were consid-

erably grown. This promised to develop into a serious situation, for stomach

poisons are not effective on cranberry bogs against the caterpillars of this insect

after their early stages, and very many bogs were without water supplies for

flooding. Immediate attention was given to work with contact sprays, and it was

found that the following sprays killed the worms in all stages satisfactorily when

used at the rate of 400 gallons to the acre:

1. Pyrethrum soap 7 pounds 2. Nicotine sulfate I5 quarts

Water 100 gallons Soap 4 pounds

Water 100 gallons

These sprays were most effective when applied early in the morning, for then

the worms usually work in the tops of the vines where they are easily reached with

a spray more than they do later in the day.

Nicotine sulfate and the cranberry fruit worm, ll has become evident, as a result

of spraying carried on in several seasons, that a nicotine sulfate spray at the end

of the cranberry blossoming period controls the fruit worm to a considerable ex-

tent. As it has not been clear how it does this, special experiments were con-

ducted, and it was found that the insect is affected by the spray in the three fol-

lowing ways:
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1. Some of the moths are killed and many more are driven off of the sprayed

area.

2. Most of the eggs well hit by a spray of 1 quart of nicctine sulfate in 100

gallons of water fail to hatch. This oviridal action would be more valuable were

it not so difficult to reach a high percentage of the eggs without running up the

cost by applying a great amount of the spray.

3. Cranberry vines and berries treated with a spray of 1 1/3 quarts of nicotine

sulfate in 100 gallons cf water strongly repel the moths from laying their eggs for

at least 5 days. This occurred in cages both in the laboratory and on a bog, the

moths having been introtluced some time after the treatment was applied and

living in most cases till well toward the end of the test.

Control of the cranberry spittle insect. The general experience of cranberry

growers and the results of the season's study indicate that it requires 1 1/3 quarts

of nicotine sulfate and 4 pounds of soap in 100 gallons of water applied at the rate

of 400 gallons to the acre to control this pest where water for flooding is not avail-

able. Pyrethrum sprays and dust fail to check it properly.

Weather Observations. (H. J. Franklin.) Daily local weather observations

were made and reported to the office of the Weather Bureau at Boston. Further

records bearing on frost forecasting were made for the station by observers at

North Harwich, East Gloucester, Carlisle, Fitchburg, Worcester, and HoUiston.

Cranberry Varieties. (H. J. Franklin.) The study of varieties was con-

tinued during the early months of 1932. A comparative study of their characters

in detail, as related to their places of origin, revealed the fact that the native cran-

berry floras of New Jersey, the Massachusetts mainland, and outer Cape Cod have

had significant separate evolutions.

Bog Irrigation. (H. J. Franklin.) On J\dy 20, 1932, during a drought, a

square area of bog surface of 100 square feet was wet with 150 gallons of water

(about 65,250 gallons per acre), and on this plot two thermometers were placed

a few feet apart with their bulbs at the same height as the cranberry flowers and

young fruit (about 41 inches above the bog surface.) For comparison two other

thermometers were similarly placed on the bog about 30 feet outside the watered

plot. All the thermometers were occasionally shifted in location to get as accurate

averages of the relative temperatures as possible. The results were as follows:
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Average

Average Temperature F difference

between

Plot Plot Unwatered watered and

watered Watered check unwatered

Date Weather Conditions Hour July 20 July 23 °F

July 25 Clear, strong breeze 2 p. m. 92.25 92.38 96.91 4.59

July 26 Clear, strong breeze 12:30 p.m. 89.25 88.43 92.1 3.26

The general average difference in temperature between the watered and un-

watered plots for five days (excluding one cloudy day when practically no differ-

ence occurred) was 3.08° F. Readings taken at different times of day indicated,

as would be expected, that the greatest difference occurred in the early afternoon,

i. e., during the warmest part of the day. It is interesting to note that even six

days after water was applied to the first plot, the difference in temperature, in

comparison with the unwatered bog, was as great as during the first day after

application.

During the period when the berries were setting, considerable injury to the crop

occurred on many bogs, for many flowers turned brown and dry and, of course,

did not set fruit. Drought conditions caused most bogs to be unusually dry during

the blooming season. The critical temperature above which cranberry flowers

are injured is not known; but in view of the effect which watering has on the air

temperature above and near the surface of a bog, as shown by the experiments just

outlined, it seems probable that had the bogs been as moist as in normal seasons,

the temperature might in many cases have remained below the point where injury

occurs. How much this reduction of temperature is due to transpiration from the

cranberry plants and how much to direct evaporation from the bog, it is impossible

to say. Both these factors, however, depend more or less on the supply of mois-

ture in the surface soil of the bog.

Cranberry Pollen Studies. (W. H. Sawyer.) Through a detailed study of

the cranberry flower and pollination, several interesting facts have been developed.

Even during hot, dry weather, if pollination does not occur, the stigma remains

moist and receptive for pollen for seven days, and under more favorable conditions

of coolness and moisture, it is evident that pollination can take place for a con-

siderably longer period. This is very significant on its influence in insuring a set.

Also pollen must be thoroughly ripe before it is capable of germination, and such

pollen is found only in anthers that have begun to shrink and turn brown.

When pollen is ripe it is shed from the anthers upon the slightest disturbance.

A little pollen may be shed when the flower first opens, but maximum liberation

takes place a few hours before the style has elongated enough to bring the stigma

even with the anther tips. This occurs from twenty-four to thirty-six hours after

the flower has opened.

The shape of the flower and the arrangement of the stigma and anthers are such

as to supply reasonable justification for a lack of self-pollination. Distilled

water was found to be as satisfactory as any other medium tried for the germina-

tion of cranberry pollen, but the pollen tubes did not grow very satisfactorily

after germination. A 1 per cent solution of cane sugar was found to be the best

medium for all purposes, and the best results were obtained when the pollen

floated on the surface of the solution.

The range of temperature for pollen germination under laboratory conditions

was 29°C.; with a minimum of 8°,the optimum from 28°to 32°, and a maximum of

37°. Within the temperature range where germination was possible, the per-

centage of germination remained constant, but there were variations in the time

required, and these differences were also influenced by the variety.
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> It is evident from yield records of several varieties that there is a correlation

between a high percentage of pollen germination and high yield, in spite of the

fact that it would seem reasonable to assume that even the varieties with poor-

germinating pollen would disseminate sufficient pollen to meet all "set" require-

ments.

DEPARTMENT OF DAIRY INDUSTRY

J. H. Frandsen in Charge

Frozen Fruits and Their Utilization in Frozen Dairy Products. (M. J.

Mack and C. R. Fellers, Horticultural Manufactures.) This cooperative project

has been active for three years. A full report of the investigation has been pub-

lished in Bulletin 287.

The Vitamin C Content of Strawberry Ice Cream Containing "Frozen

Pack" Fruit. (C. R. Fellers, Horticultural Manufactures, and M. J. Mack.)

This study was planned to determine the Vitamin C potency of fresh strawberries,

frozen packed strawberries, and strawberry ice cream. It was conceivable that

Vitamin C might be partially destroyed either in the process of freezing, during

storage, or in the rigorous beating of ice cream in the ice cream freezer. However,

the data collected by feeding tests on guinea pigs indicate no destruction of Vita-

min C either in the frozen storage of strawberries or in the preparation and storage

of strawberry ice cream containing the frozen pack fruit. Thus strawberry ice

cream may be considered a source of Vitamin C.

A Study of Ice Creams High in Fat Content. (M. J. Mack.) More data

have been accumulated on this subject during the past year. Ice creams varying

in fat content from 20 to 30 per cent are now being made by many New England

manufacturers. Such ice creams vary markedly in character from the usual

commercial product in which the fat content invariably lies between 10 and 20

per cent.

The most serious problem which is encountered in the making of high-fat ice

creams is to control the viscosity of the mix. An excessive viscosity usually re-

sults which interferes with certain processes in making the mix, as well as with

freezing and packaging of the product. Some sources of fat prove to be much more

satisfactory than others in the control of viscosity. The findings thus far would

indicate that, in the making of ice creams high in fat content, the percentage of

non-fatty ingredients, as well as processing and freezing procedures, must all be

altered wherever possible to bring about lower viscosity of the mix.

The Effect of High Initial Aging Temperatures on Certain Physico-

Chemical Properties of Gelatin Dispersions. (\V. S. Mueller.) The purpose

of this investigation was to determine what effects various high initial aging temp-

eratures have, when used for definite periods of time, on the basic viscosity and

gel strength of gelatin dispersions. A gelatin-ice cream mixture, pure gelatin-

water solution, and other gelatin dispersions such as cane sugar, butter oil, and

plasma solids, were used. This study has been completed and a paper prepared

for publication.

The following conclusions have been made:

1. When using a gelatin-ice cream mixture —

-

(1) Initially aging an ice cream mix for 1 to 6 hours at temperature range

of 10° to 30° C. (50° to 86° F.), followed by a low aging temperature, increased

the basic viscosity and gel strength over those mixes aged at the low temperature,

2.2°C. (36°F.) only.
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(2) As the initial aging temperature is raised from \0°C. (50°F.), this

increase in basic viscosity and gel strength reaches a maximum at 20°C. (68°F.),

then decreases with further increase of the initial aging temperature.

(3) Initially aging an ice cream mix at or near the transition temperature

of gelatin, 38.03°C (100.5° P.), has no marked effect on basic viscosity and gel

strength.

(4) Initially aging an ice cream mix at temperatures above the transition

point of gelatin decreases the basic viscosity and gel strength when compared to

rrixes aged at the low temperature 2.2°C. (36°F.) only.

(5) The magnitude of the basic viscosity and gel strength changes in-

creases with an increase in the initial aging temperature period. However, the

first two hours produce the greatest change.

2. The effect of high initial aging temperatures on pure gelatin-water

solution was similar to that on gelatin incorporated in an ice cream mix.

3. Sugar, plasma solids and butter oil had a marked influence on the mag-

nitude of the basic viscosity increase due to the use of a high initial aging temp-

erature, 20°C. (68°F.).

4. The observed effects of various initial aging temperatures on the basic

viscosity and gel strength of gelatin systems indicate that the colloidal behavior

of gelatin is affected by factors which are not generally recognized by current

theories.

5. The observed increase in basic viscosity and gel strength, due to the

use of a high initial aging temperature, points the way to a more economical use

of gelatin in ice cream.

The Feasibility of High Aging Temperatures in the Manufacture of

Ice Cream. (\V. S. Mueller and J. H. Frandsen.) The object of this study was

to determine the feasibility of using an aging temperature of 68° F. A four-

hour high aging temperature period was selected as standard procedure. The
68° F. aging temperature was used alone and also followed by a low aging temp-

erature. Each mix aged at 68° F. was compared to a portion of the same mix

which was aged at 38° F. and served as the control. Comparisons were made on

the following factors:

1. Bacterial growth.

2. Titratable acitlity.

3. Hydrogen-ion concentration.

4. Basic viscosity.

5. Whipping ability. \

6. Body and texture.

7. Melting resistance.

8. Melting appearance.

This study was completed during the past year and is now being prepared for

publication.

The following conclusions were drawn

:

(1) When an ice cream mix containing gelatin was aged at 68° F. for a period

of 4 hours, either alone or followed by a low aging period, the efficiency ol the gel-

atin was increased.

(2) This increased gelatin efficiency was shown by the improvement in body

and texture, increase in melting resistance, and slight retanlalion in rate of whip-

ping when compared to an identical mix aged at 38° F.
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(3) When an ice cream mix containing 14 per cent fat, 10 per cent serum

solids, 15 per cent sugar, and 0.4 per cent gelatin (175 Bloom) was aged at 68° F.

for 4 hours, the efficiency of the gelatin was increased to such an extent that the

gelatin content could be reduced 0. 1 per cent without any loss in the quality of the

finished product.

(4) Aging a pasteurized ice cream mix up to 6 hours at 68° F. had no effect

on bacterial growth, pH, and titratable acidity which would be of any commercial

significance.

(5) When an ice cream mix containing gelatin was aged at 68°F. for 4 hours,

the basic viscosity was slightly decreased, but the basic viscosity was greatly

increased when the high temperature aging period was followed by a low tempera-

ture aging period, as compared with a mix aged only at 38° F.

(6) When an ice cream mix containing no gelatin or other stabilizer was

aged at 68° F. for 4 hours, there was no marked effect on the consistency and whip-

ping ability of the mix or on the melting resistance, body, and texture of the finished

product.

(7) When an ice cream mix containing the optimum amount of gelatin for

low temperature aging was aged at 68° F. for 4 hours, there was an excessive retar-

dation in melting and a curdled appearance on melting. This objectionable

melting behavior can be corrected by a reduction in gelatin without lowering the

quality of the finished product.

(8) It is conceivable that in ice cream plants where the cooling of mixes is

not being carefully checked, mixes may be aged unintentionally for several hours

at a temperature above 50° F. This unintentional high aging temperature in all

probability is a big factor in causing the curdled appearance on melting which has

troubled some ice cream manufacturers but could not be explained.

The Theoretical Causes of the Factors Involved in the High Initial

Aging Temperature Phenomena. (W. S. Mueller.) In order to find an

explanation for the structural changes in a gelatin gel, as a result of high aging

temperatures, a detailed study of the optical rotation of pure 1 per cent gelatin-

water solution was made. Gelatin-water solutions were aged at various temper-

atures (50°-r22° F.) for a period of four hours and then at 36° F. for a period of

44 hours. The control solution was aged at 36° F. only, for a total period of 48

hours. The optical rotation was determined after a total aging period of 24 hours

and 48 hours. The results so far obtained show that high initial aging tempera-

tures have no marked effect on the optical rotation after a total aging period of 24

and 48 hours when compared to an identical solution aged at 36° F. only.

The following temperatures were used when studying the changes in optical

rotation with time, until optical equilibrium had been obtained : 34.7°, 50°, 68°, 86°,

104°, and 140° F.

The effect of high aging temperatures on the Tyndall phenomenon of pure

gelatin-water solutions is now being studied. It is hoped that these data, in con-

junction with the optical rotation data, will bring to light a satisfactory explana-

tion for the structural changes in a gelatin gel, due to the use of a high (68° F.)

initial aging temperature.

A Study of the Changes that Occur in the Storage of Frozen Sweet

Cream. (H. G. Lindquist.) Work has progressed on the preparation of cream

for freezing, but no methods thus far have proved satisfactory in studying the

changes that occur in the frozen cream.
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The Comparative Efficiency of Electrically-operated Tanks versus Ice

in the Cooling of Milk. (J. H. Frandsen.) A study of the efficiency of various

methods of cooHng milk, as practiced under actual farm conditions, is now in prog-

ress. The efficiency of most recent electric cooling units is also being studied.

DEPARTMENT OF ENTOMOLOGY
A. L Bourne in Charge

Investigation of Materials Which Promise Value in Insect Control.

(A. I. Bourne.) Weather conditions in the early spring of 1932 were favorable for

application of oil sprays. There was very little interruption due to inclement

weather. Moderately high temperatures prevailed at the time the buds were

breaking, and no sudden drops in temperature were encountered sufficient to

cause a breakdown of the sprays and consequent injury to the trees from the free

oil liberated. No evidence of burn was noted following any of the oils tested.

Four oil emulsions and two miscible oils were used in the tests against European

red mite. At the dilution of 4 gallons per 100, Kleenup gave 95 per cent control;

Free Mulsion, 94 per cent; and Emulso, 92 per cent. Used at the rate of 5 gallons

per 100, Kleenup showed 98 to 99 per cent control; Free Mulsion, 98 per cent;

and Emulso, 95+ percent. Peninsula Oil Emulsion, a new product on the market,

at the strength of 45 gallons to 100 gave 95 per cent control. The miscible oils,

Dendrol and Sunoco, maintained their usual high degree of effectiveness, both show-

ing 98 -f per cent control at the standard dilution recommended by their manu-
facturers.

The present tendency in the use of oil sprays appears to be toward a com-

paratively few of the standard, well-established types which have been in use long

enough to demonstrate their safety and eflfectiveness under Massachusetts condi-

tions.

Preliminary tests with various insecticides for the control of the Mexican bean

beetle indicated that magnesium arsenate, either as a spray or dust, is at present

the safest and most dependable material on the market. Both lead arsenate and

calcium arsenate caused severe burning, in most cases killing the plants. There

is, however, some evidence to show that they might be used, if necessar}', during

the early season when both temperature and humidity are comparatively low.

Barium fluosilicate caused a slight amount of foliage burn during midsummer.

However, it showed possibilities for use on late string beans when arsenicals would

be objectionable because of residue on the harvested crop. Some of the commercial

products containing arsenicals combined with a fungicide proved effective against

the insects and safe to the foliage of the beans. They are, however, somewhat

expensive, especially if used on large plantings.

In cooperation with the Pomology Department, further studies were made
of different "wettable sulfurs" designed to replace lime-sulfur in the midsummer
sprays. Tlie object of these tests was to find a spray that would prove effective

against scab and compatible with lead arsenate, and at the same time would avoid

the foliage burn and russeting of fruit which almost inevitably follows the use of

lead arsenate and lime-sulfur in the post-blossom sprays.

Mulsoid sulfur, Dritomic sulfur and a combination of flotation sulfur and finely

divided sulfur were used in combination with lead arsenate. The schedule followed

called for a pre-pink, a pink, a calyx, a special curculio and a cover spray and two

July applications for railroad worm. The standard lime-sulfur — lead arsenate

combination was used on one block, as a basis for comparison. These wettable
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sulfurs were used in all sprays after the special curciilio spray. In the sprays up

to the calyx spray, lime-sulfur was used as the fungicide.

Tests were continued with Kolofog and flotation sulfur, both of which showed

great promise in 1931. Flotation sulfur was available for the first time in a dry

powder form. This was much more convenient to handle than the paste form and

l^roved fully as effective. It marked a distinct advance in the manufacture of this

product. Kolofog and flotation sulfur (paste and dry) were used throughout the

season in one-half of the block in which they were tested. The remainder of the

trees received lime-sulfur up to and including the calyx spray and the new materials

for the remaining sprays.

While the season was not particularly favorable for spray burn or the develop-

ment of scab, considerable foliage injury followed the use of lime-sulfur, and un-

sprayed checks showed sufficient scab to infect nearly 60 per cent of the harvested

fruit. No foliage injury or damage to fruit resulted from the use of any of the

wettable sulfurs.

The value of these materials in controlling disease and insect pests is shown in

the following table, based on examination of the Mcintosh crop at harvest.

Percentage Percentage of Fruit Showing

Treatment of Clean Injury From:

I'"ruit CurcuUo Codling Scab

Moth

Lime-sulfur
(

85 3 9 1

Lead arsenate \

Lime-sulfur )

Lead arsenate r 95 1 2 0.5

Lime )

Mulsoid sulfur ) 8S 5 4 0.8

Lead arsenate )

Flotation sulfur i

300-mesh sulfur [ 91 2 5 1

Lead arsenate )

Dritomic sulfur (92 2 4 1

Lead arsenate \

Flotation sulfur (dry) 86 1-|- 3 6

(entire season)

Flotation sulfur (dry) after ) 96 2 1+
Lime-sulfur f

Flotation sulfur (paste) 80 0.2 2 18

(entire season)

Flotation sulfur (paste) after | 9.5 0.3 1 5

Lime-sulfur )

Kolofog (entire sea.son) 89 0.5 3 6

Kolofog after \ 94 0.2 1- 4

Lime-sulfur I

Check 23 27 19 58

In these tests the lime-sulfur—lead arsenate combination gave equally good

control of scab when hydrated lime was_^added, and the lime reduced the amount
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of spray injury to fruit and foliage. Combined sprays of lead arsenate with Mulsoid

sulfur, with Dritoniic sulfur, and with the combination of flotation and finely-divi-

ded sulfurs held scab to 1 per cent injury or less and also controlled insect pests

verj' satisfactorily.

The dry form of flotation sulfur proved as eftective against scab as the paste and

required much less time in the preparation of the spray. Kolofog again gave very

satisfactory control of scab. Samples of fruit sprayed with these materials

showed excellent quality and finish. The use of lime-sulfur as a fungicide in the

early sprays followed by Kolofog or flotation sulfur in the midsummer applications

gave a higher control of scab than that secured by a complete season's schedule of

either of these materials. Spray injury was also avoided, and such a program would

allow a material reduction in cost to the grower.

Control of Onion Thrips (A. I. Bourne.) Warm weather and a slight defi-

ciency in rainfall during the early growing season offered favorable conditions for

the development of thrips, and the very general practice of planting sets close to

seed onions practically insured an early and heavy infestation on seed onions. By
late June the numlier of thrips on seed onions was unusually high and some evidence

of injury was appearing. Weather conditions during July sufficiently arrested the

development of the infestation so that no serious damage resulted except in some

fields adjoining set onions.

The insect was somewhat slower than usual in its seasonal development and

reached the peak of abundance about a week later than normal. During early

August there was a sharp drop in numbers of thrips per plant, from an average of

7,S per plant on August 1 to less than 10 per plant on the 15th, and a gradual de-

crease until harvest.

It was discovered that this sharp decline in abundance of tiirips was coincirlent

w ith the appearance and spread of a parasitic fungus attacking the insects and the

presence of an unusually large number of predacious insects. E.\amination of

onion fields throughout the Connecticut Valley region showed that the fungus was

generally present and that its development coincided with a rapid decrease in

numbers of thrips. It could not be definitely proved that the presence of large

numbers of predacious lady beetles was associated with the spread of this fungus.

Coccinellids have, however, been reported to feed on spores of certain of the lower

Cryptograms and their presence in abnormal numbers very generally throughout

onion fields in the Valley offers a possible explanation of the general distribution

and rapid spread of the fungus.

Throughout the growing season observations were made of difterent strains of

onions, in connection with the work of the Agronomy Department on onion

varieties, and a marked difference in reaction of various strains to thrips attack

was noted. While no strain was found to be immune, certain types were scarcely

affected by the feeding of thrips, which caused other types to curl badly and

practically terminated their growth.

Comparative tests of nicotine sulfate, Dcrrisol, and a compound of rotenone in

dust form indicated that nicotine sulfate sprays gave the greatest reduction in

number of thrips, and their action was more rapid that that of other products.

The derris compound was somewhat slower in its initial action than nicotine but

appeared to exert considerable residual effect, which retarded reinfestation except

that caused by migration of thrips from adjoining fields. The rotenone compound

proved least effective of the materials tested, probably due to the fact it was in

the form of dust which, with present machinery for application, does not penetrate

the tight axils of t he leaves as satisfactorily as a spray.
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The Spray Residue Problem. (A. I. Bourne.) The dry weather that pre-

vailed during the past summer again force 1 the problem of spray residue upon the

attention of the fruit growers. The rainfall during June was nearly 1 inch less than

the normal, and more than half of the precipitation for the month occurred in one

storm. There was a deficiency of half an inch in July and of more than li- inches

in August. While the rainfall in September was slightly greater than the normal,

almost 60 per cent of this amount occurred in two storms late in the month when

the Mcintosh crop had been harvested. During October there was slightly more

rain than normal. The fact that the greater part of the deficiency in rainfall

occurred during the spraying season and extended up to time of harvest ma le the

problem acute for early varieties and Mcintosh. The precipitation in late

September and October very largely removed the danger in the case of late varie-

ties such as Baldwin. This deficiency in rainfall in itself was sufficient to make

readjustment of the spray schedules necessary, but its effects were reflected also in

the seasonal development of several important pests, notably railroad worm, which

made proper timing of late sprays very difficult.

In many cases growers failed to apply the late sprays necessary for maggot con-

trol. Others made these applications only on late varieties. In both cases failure

to control maggot resulted.

Growers who sprayed in late July or early August encountered the problem of

residue on Mcintosh in excess of the tolerance or dangerously near it. Growers

who dusted in late summer again proved that this ofTers one of the most satis-

factory solutions of the problem under Massachusetts conditions at present.

In preliminary tests a non-arsenical stomach poison showed to good advantage

as compared with lead arsenate. This indicates a possible way out of the diffi-

culty without forcing the growers to the practice of washing their fruit.

Systematic Study of Oil Sprays. (A. I. Bourne in cooperation with the

Department of Chemistry.) The five samples tested this season were all pre-

pared with the same emulsifying agents. The oils ranged from a spindle oil to a

medium turbine oil and varied in their viscosity from 203 seconds to 619 seconds

at 70° F. One sample was an asphalt base oil; the others were of the paraffin base

type. These were applied as delayed dormant sprays in the college orchard, to

test their comparative efficiency against overwintering eggs of European red mite

and their toxicity to the trees. All the samples went into the spray solution with-

out difficulty. They showed no tendency to break, even when dissolved in very

cold water. Their efficiency as insecticides is noted in the following table.

Sample Percentage of clusters Number of mites per

free from mites 100 leaf clusters

A3 55 70

B3 65 100

C3 60 87

D3 66 67

E3 66 73

All the samples gave practically perfect control. The differences above are

too small to be of significance when compared with unsprayed trees which showed

an infestation of more than 500 mites on single clusters and averaged more than

18,000 mites per 100 clusters. No injury to buds by burning of tissues or retard-

ing of growth was noted.

Apple Maggot Control. (A. I. Bourne.) Apple maggot was more abun-

r.ant throughout the entire State this past season and caused more damage than
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has been reported in any year of its present period of abundance. The peak of

emergence of flies was later than normal, and the flies were active in the orchards

over a much longer period than usual. This was largely associated with the very

light rainfall during late spring and early summer which left the soil dried and hard

packed, a condition very unfavorable for the emergence of the flies. Under such

circumstances proper timing of the sprays was difficult.

In the demonstration orchards where the growers were devoting especial atten-

tion to maggot control and carried out a complete control program, the pest was

held to an average of less than 1 per cent damage. In the 14 blocks from which

records were taken, 4 showed no fruit injured by maggot, and in 4 others the num-

ber of injured apples was 3 or less. In 7 of the blocks the fruit scored 85 per cent

clean or higher, and in every case maggot injury was held to a lower figure than

that of any other major pest.

One of the outstanding features of the season's work was the influence of orchard

environment or, in other words, the necessity of proper treatment of neglected

trees or orchards surrounding commercial blocks. Many growers found that even

with the most thorough program possible they could not control maggot in their

orchards because of the exposure of their blocks, on one side or more, to neglected

apple trees.

The experience of the past season demonstrated that growers in whose orchards

apple maggot is a problem must take suitable precautions to clean up their orchard

surroundings, since the influence of orchard environment is in most cases the

limiting factor determining satisfactory control of the insect or complete failure.

Introduction of Parasites of Oriental Fruit Moth. (A. I. Bourne.) Duri ng

the last two years the Department of Entomology has cooperated with the U. S.

Bureau of Entomology in the introduction and establishment of parasites of the

Oriental fruit moth. Colonies of Macrocentrus ancylivorus were liberated in

peach orchards throughout Hampden County where the infestation of fruit moth

was sufficient to allow the establishment of the parasites.

Recoveries from twig collections indicated that the parasites were able to sur-

vive the winter of 1931-32 in Hampden County and build up a considerable

population in the peach orchards the following spring. In orchards where libera-

tions were made in 1931, a considerable reduction was noted in early twig injury

the following spring, and growers reported beneficial results on the basis of the

crop at harvest.

If a sufficient supply of parasites can be obtained, more extensive liberations

will be made another season in other peach-growing sections of the State into which

the fruit moth has now spread.

Plum Curculio. (W. D. Whitcomb.) Studies of the plum curculio under

controlled temperatures maintained at 55°, 65°, 75°, and 85° F. were continued

with special attention to influence of temperature on oviposition. The activity

of ten pairs of mated beetles at each temperature was recorded daily.

The number of eggs laid increased at each higher temperature in an approximate

ratio of 1 :5 :9 :12, and about 75 per cent of the eggs were laid during the first 20 days

of oviposition regardless of the temperature. Slightly more eggs were laid in the

first 10 days than later but the ratio of egg punctures to feeding punctures was

about 4 per cent greater in the second 10-day period. At each temperature the

last eggs were laid about 55 days after oviposition began. The average number of

eggs per female per day laid during the first 20 days was 0.72 at 55°, 3.44 at 65°,

and 10.21 at 85° F. The maximum number of eggs laid during life by one female
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beetle was 41 at 55°, 169 at 65°, 240 at 75°, and 332 at 85° P., while the greatest

oviposition in one day was 22 at 85° F.

Development of the immature stages was not completed at 55° and was very

slow at 65° F. At 75° all development increased rapidly, and a slight additional

stimulation occurred at 85° F.

When the beetles had only poisoned apples for food, the average number of days

which they lived decreased with each increase in temperature and with each in-

crease in concentration of lead arsenate from 3 pounds in 100 gallons to 4, to 5, to

6 pounds. The number of days in which the poison killed the beetles was quite

consistent at the two higher temperatures, but at 55° and 65° F. the time was much

more variable among individuals. The activity of the beetles was inconsistent

when feeding on fruit sprayed with the lowest concentration of lead arsenate, but

at the higher concentrations the average number of punctures per beetle before

death decreased from 4.5 on 4 pounds to 3.3 on 5 pounds to 2.3 on 6 pounds of

lead arsenate per 100 gallons of water with no consistent variation In respect to

temperature. With one exception the average number of eggs per beetle was less

than two in all fruit sprayed with lead arsenate at the rate of 4 pounds or more per

100 gallons. In the majority of the experiments no eggs were laid in sprayed fruit

more than two days after the first activity took place.

The comparative effectiveness of spray and dust for the control of the plum

curculio In apples was studied on Gravenstein at Westford. Applications were

made by the grower at the recommended time. Examination of 43,568 apples

showed 6.45 per cent of the dusted apples with curculio punctures and 2.80 per

cent of the sprayed apples. A similar percentage in favor of the spray treatment

was apparent in both the dropped fruit and harvested fruit.

Naphthalene as a Fumigant for the Control of Greenhouse Insect

Pests. (W. D. Whitcomb.) Experimental fumigations with vaporized naphtha-

lene in a tight chamber at the rate of 1| ounces in 1,000 cubic feet resulted in

practically perfect control of red spider nymphs and adults from one fumigation of

six hours at 80° F. with relative humidities of 90, 80, 70, and 60 per cent. Two
and three fumigations at 75° F. gave perfect control at each relative humidity.

However, one fumigation at this temperature gave perfect control only at 90 per

cent humidity, and the mortality decreased with each decrease in relative humi-

dity from 80 to 60 per cent.

When the dosage was diminished to 1 ounce In 1,000 cubic feet the control

was consistently satisfactory only after three fumigations, especially at 60 per

cent relative humidity. The natural mortality of the red spider on these plants

averaged 13.5 per cent.

The mortality of red spiders when exposed without napthalene for six hours to

the humidities used in fumigating increased with each increase in relative humidity

and with each additional exposure. Two exposures of six hours at 80° F. and 90

per cent relative humidity killed over 50 per cent of the red spiders without

napthalene.

Biology and Control of the Carrot Rust Fly. (W. D. Whitcomb.) The
potential infestation by the carrot rust fly in 1932 was 8.07 pupae per square foot

where carrots were left in the ground over winter and was almost identical with a

similar count (8.16) in 1931. However, the abnormally dry weather during June

and July practically eliminated economic injury and prevented the building up of a

normal second generation Infestation. This condition was at least partially

explained when none of the eggs confined at a constant temperature of 85° F.

hatched while 85 to 90 per cent of them hatched between 55° and 75° F. No
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flies emergcil from overwintered pupae confined at 85° and only 44 per cent

emerged at 75° E. The average date of emergence was LS days later at 55° than

at 75° F". Adults lived longest at 55°, and the largest number of eggs was laid at 75°,

but 65° appeared to be the most favorable temperature for normal development.
In the field plantings there was no first generation injury in the untreated check

and only one in 2050 carrots examined showed severe injury. The normal field

infestation by the second generation was about 10 per cent most of which was
slight and moderate, rather than severe. Celeriac was free from injury in compari-

son to other years when this plant suffered moderate to severe damage. Among
new varieties of carrots which were observed for susceptibility. Table Gem and
Tendersweet showed a tendency toward injury in spite of the light infestation.

Under the existing conditions, broadcasted applications of tobacco dust and soot

were very satisfactory when applied three times at weekly intervals, although the

plots receiving two applications of these materials showed about the same infesta-

tion as the untreated check.

Influence of Temperature on Development of Red Spider. (W. D.

Whitcomb.) The abundance of the red spider on greenhouse plants increased

with the temperature, and on cool-growing plants such as carnation, injury by
this pest can be reduced to a minimum by maintaining temperatures near 50° F.

during cool weather. In experiments at 50° E. development of the younger stages

was not complete, although some eggs were exposed for 57 days before it was de-

termined that they would not hatch. The average number of days required for

development from the newly laid egg to the adult was 29.1 at 60°', 12.4 at 70°, and
7.0 at 80° F. Eggs were hatched in 11.72, 5.35, and 3.53 days at the higher temp-

eratures respectively, and over 90 per cent of the eggs hatched at these temp-

eratures.

Although red spider eggs do not hatch at 50° F., there is a slight biologic devel-

opment at this temperature which causes hatching in less than the normal period

when the eggs are transferred to more favorable temperature. This biologic

development varies directly with the length of exposure at 50° F.

DEPARTMENT OF FARM MANAGEMENT
J. A. Foord in Charge

Enterprise Relationships and Farm Organization on Selected Dairy
Farms in Massachusetts. (R. L. Mighell.) Studies of the effect of replanning

the labor program and the internal organization of enterprises on dairy farms

have been continued. It has been discovered that significant savings in labor

can be made in many farm tasks, for e.xample daily chores, by means of careful

planning. Frequently an inexpensive piece of equipment, or slight change in

routine, will result in a considerable reduction of labor time. P^or e.xample, on

one farm the installation of an 18-foot extension of pipe line made a net saving

in chore time of 13.4 minutes daily or more than IJ hours per week.

Types of Farming in Vegetable Garden Areas. (R. L. Mighell, J. E.

Thigpen. Cooperative with the E-xtension Service.) Records secured in the

1930 season have been further analyzed, and the amounts and distribution of

labor used on different vegetable crops presented in tabular and graphic form for

use in giving a more accurate picture of the types of farming in vegetable areas

and in planning more profitable crop combinations. Variations in amounts of

labor used for the same operations have furnished the starting point for the study

of labor-saving methods and technicine.
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The Cost of Silage Production in Massachusetts with Special Reference

to the Use of Machinery. (C. I. Gunness, J. A. Foord, and J. E. Thigpen.

Cooperative with the Bureau of Agricultural Engineering, U.S.D.A., and the

Departments of Farm Management and Agricultural Engineering of the Exper-

iment Station.) The analysis of the data from a field study of silage-production

methods made in October and November, 1931, shows definite relationship be-

tween man-labor inputs and acreage of silage corn, stoniness of the soil, and types

of machinery used. The difference in amounts of labor required with and with-

out certain machines can be used as measures of probable labor savings, assuming

that other causes of variation in labor are averaged out.

Other basic data resulting from the study are farmers' estimates of annual

repairs and probable life of different machines. These data are used in estimating

average annual costs of such machinery. The annual costs can then be balanced

against the estimated value of labor savings in case the purchase of a new machine

Is under consideration.

Economical Silage Production on Dairy Farms - Labor and Machinery
Costs. (R. L. Mighell and R. H. Barrett.) This study developed from the pre-

ceding one, as one of the most practical and at the same time most inexpensive

pieces of labor-saving equipment in silo filling was found to be the low-rack

wagon. Only four farms among the 64 studied used such wagons, but their aver-

age time for filling silo was only 1.6 hours per ton as contrasted with an average

of 2.0 hours per ton for all the farms.

To test these results experimentally, an inexpensive low-rack wagon was built

in the college engineering shop in September 1932, with a discarded automobile

rear end for the rear wheels and axle and front running gear from an ordinary

farm wagon. This wagon was tested under actual silo-filling conditions on the

college farm and on four farms near Amherst. On three farms complete time

records were taken on all operations. As a typical instance the time required to

load silage corn on the low wagon was 23.6 man minutes per ton in comparison

with 35.1 man minutes per ton with a wagon 41 inches high. (Average of 16 loads

apiece). The low wagon is 22 inches high as compared with 38 inches to 50 inches

for wagons in common use. With a low wagon, the corn can all be loaded from

the ground without the necessity for anyone on the load. Recent studies in New
Hampshire and Connecticut on this type of wagon are in line with these results.

Labor-Saving Methods and Technique on Vegetable Farms. (R. L.

Mighell, R. H. Barrett.) This study is one of the first attempts tc apply time

and motion study methods to the operations on vegetable farms. Analyses of the

motion pictures and time records secured in the 1931 season were continued this

year, and further field study was directed particularly to asparagus, beets and

carrots. As a result of the study of harvesting and packing operations on bunch

beets and carrots a new and improved technique has been developed for these

tasks. Typical tests of the new method of bunching and tying show that the time

has been reduced from 5.3 man minutes per box with a common method now in

use to 2.9 minutes per box with the new method.

With asparagus a new system of sorting and packing is being developed from

ideas originally thought out by one grower. Preliminary tests indicate that the

new system as adapted to fit different conditions will effect a reduction of one-

fourth to one-third in the man labor needed on this job. Many minor changes

such as rearranging labor crews, subdividing the work differently, providing con-

venient sorting tables and more desirable field boxes and so on, have been suggested
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to growers in the field and tested out with success. Motion pictures have been

very helpful in studying detailed operations in certain tasks and also furnish an

effective means of presenting results to growers.

Live Stock Management, Methods and Costs. (J. A. Foord.) The
positive reactors to the blood test for Bangs disease from the college herd have

been kept in loose pens for three years, being "tied up" only for milking and grain

feeding. The method has shown advantages in reduced hours of labor and amount
of equipment needed, although with somewhat higher costs for bedding. Pro-

duction has been well maintained, and clean milk of low bacterial count produced.

Very little more floor space is needed than in the better type of stable. The method
is worthy of consideration by practical dairymen.

FEED CONTROL SERVICE

Philip H. Smith in Charge

The Feed Control Service comprises not only feed inspection, but several other

activities, as listed below:

Feed Control (General Laws, 1920, Chapter 94)

Seed Control (General Laws, 1927, Chapter 94)

Dairy Law (General Laws, 1920, Chapter 94)

Advanced Registry Testing

Miscellaneous Work

Feed ControL (P. H. Smith, A. F. Spelman, G. J. Larsinos, J. W. Kuz-

meski, F. A. McLaughlin, J. T. Howard.) During the fiscal year, 1,607 samples

of feeding stuffs were officially collected and examined in the control laboratories.

The results show that at least 97 per cent of the samples collected varied less

than 1 per cent from stated guarantees in protein, fat and fiber content. The
gross receipts from the registration of feeding stuffs in 1932 (calendar year) were

$21,200, derived from 1,060 brands at $20 each.

Seed ControL (P. H. Smith, F. A. McLaughlin, Margaret E. Nagle.) From
October 1, 1931, to October 1, 1932, the seed laboratory analyzed 1516 seed

samples, 463 of which were collected by the State Department of Agriculture,

304 sent in by dealers and farmers and 194 by the Rhode Island Department

of Agriculture, 354 purchased from wholesalers for special tests. The remaining

201 were accounted for in tests of ingredients of grass seed mi.xtures, some mix-

tures containing as many as eight ingredients.

Massachusetts Massachusetts Rhode

Official Non-official Island Total

Purity only 41 26 53 120

Artificial germinations 257 572 3 832

Field germinations (239*)

Purity and Germination 366 60 138 564

664 658 194 1516

Field crops 32 61 18 111

Forage crops 375 140 173 688

V'egetables 257 446 3 706

F"lower seeds 2 2

Tree seeds 9 9

664 658 194 1516

*239 field tests are duplications of laboratory tests; portions of same samples used.
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Field tests to determine trueness to type were again conducted in cooperation

with the Department of Agronomy which tested 11 samples of alfalfa, 23 samples

of red clover, and 3 samples of sweet clover; and the Department of Olericulture

which tested 239 samples of sweet corn and 115 samples of peas.

Dairy Law. (P. H. Smith, J. T. Howard, J. A. Martell, H. L. Allen.) During

the year ending December 1, 1932, 7,603 pieces of Babcock glassware were tested.

Condemned glassware consisted of four milk-test bottles. One hundred and six

certificates of proficiency were awarded.

One hundred and ninety-one creameries, milk depots and milk inspectors'

laboratories were visited in order to check methods and pass upon equipment in

use. As a result of this inspection, one machine was condemned, and repairs were

ordered on twenty-five. Six plants were re-inspected to approve repairs. Special

investigations were made at twelve plants.

Advanced Registry Testing. (P. H. Smith.) Advanced registry testing

has been supervised by this department since its beginning in 1902. There are

now on yearly test 483 cows located on 61 different farms. This does not in-

clude the herd tests where all animals in each herd are placed on test. Of these

there are fourteen, five cf which are supervised by men sent out from this office

and nine by cow-test association supervisors.

Miscellaneous Work. (P. H. Smith, A. F. Spelman, J. W. Kuzmeski.)

Numerous analyses have been made for residents of the State and other depart-

ments of the college.

SuDiiiuiry of Miscellaneous Work, 1932

Materials sent in:

Milk and cream, butterfat only 362

Milk, solids and fat 29

Feeds 108

For other departments of Experiment Station and College:

Milk, for butterfat 237

Milk, for solids 7

Dry matter, forage crops 3,196

Complete fodder analyses 169

Dry matter and nitrogen 116

FERTILIZER CONTROL SERVICE

H. D. Haskins in Charge

Fertilizer Inspection. (H. D. Haskins, H. R. DeRose, A. F. Spelman,

J. W. Kuzmeski.) Records for the year show that 106 firms have registered for

sale in the State 537 brands of mixed fertilizer and fertilizing materials and 36

brands of agricultural lime and gypsum. The following summary shows the

character of these substances, as well as statistics with reference to their inspection.

During ten weeks following April 1, four men employed to draw samples for

inspection purposes sampled 23,827 sacks or containers, representing 8,136 tons

of material; 848 agents were visited.
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Agricultural lime products 14

Ashes, cotton hull and wood 15

Complete fertilizers 20

Fertilizer chemicals and unmixed fertilizing materials 22

Insecticides and fungicides 3

Manures 8

Manufacturers' by-products 7

Miscellaneous 11

Peat products 19

Soils 37

Contact and cooperation with the Association of Official Agricultural Chemists

has been maintained as in the past, in so far as rulings of the State Administra-

tion and the resources of the Control Department would permit.

Vegetation Pot Experiment with Phosphates. Season of 1932. (H. D.

Haskins.) This experiment, comprising 101 pots in a study of the phosphoric

acid availability of 20 different sources of phosphoric acid, has not reached the

stage where positive conclusions are possible.

DEPARTMENT OF FLORICULTURE
Clark L. Thayer in Charge

Study of the Effect of Plant Nutrients on Carnations and Roses Under
Glass. (Harold E. White, Waltham.) Urea, Calurea, Cal-Nitro, and ammon-
ium sulfate, when used as the source of nitrogen on a 4-12-4 basis, produced an

average of 30 flowers per square foot of bench area, whereas sodium nitrate and

calcium nitrate produced 25 flowers per square foot.

Where Calurea was used as a source of nitrogen in a 4-12-4 mixture, applied at

the rate of from 1 ton to 4 1/2 tons per acre, there was a decrease of split flowers

from 33 per cent to 5 per cent. This would tend to indicate that one means of

lessening the tendency of carnations to split is by increasing the rate of application

of fertilizers within certain limits. The production of carnation plants was

increased from 18 flowers to 31 per square foot by increasing the rate of application

of 4-12-4 from 1 ton to 4 1/2 tons per acre. Fertilizer applied at a higher rate

than this resulted in a decrease in production. Carnations apparently will stand

high application of fertilizers as long as the phosphorus and potash balance is

maintained. Plots receiving as high as 10 tons per acre of a 4-12-4 showed no

injury other than a reduction in production of flowers. The only exception was

in the case of sodium nitrate where applications above 1500 pounds per acre re-

sulted in a stunting of the plants, a reduction in the size of the flowers, and an

adhesion of the flower petals. The adhesion symptoms did not occur in any other

plots even though the rates of application were the same as for sodium nitrate;

neither did dwarfing of the plants appear where the other materials were used

in equivalent amounts. The soil reaction does not appear to be a factor where

adhesion results from the excessive application of sodium nitrate, since in no

case did the pH go above 7.0. The lowest pH, even where high applications of

ammonium sulfate were made, did not go below pH 5.0. There was no noticeable

efi'ect of source of nitrogen or rate of fertilizer application on the rooting of carna-

tion cuttings. Stem rot was present early in the season in the plots, but there

appeared to be no correlation between feeding and severity of this disease on

carnations.
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Roses seem to give a better yield and make more vigorous growth where organic

materials are used than when fed with straight commercial fertilizers. High

application of chemical fertilizer reduces production and vigor of the plants.

Breeding Snapdragons for Varietal Improvement and Disease Resistance.

(Harold E. W hite, Waltham.) In the Fi generation there was no consistent seg-

regation for rust resistance sufficient for definite determination of the resistance

factor. For most of the inbred lines studied, resistance to susceptibility approach-

ed a 1:1 ratio. With the F2 generation resistance increased and, while the per-

centage varied, there was an approximate ratio of three resistant to one susceptible

for total resistance. Resistance was so variable that color could not be correlated

with resistance. Commercial strains which have been used for breeding have

continued to show complete susceptibility to rust. Crossing commercial strains,

while resulting in increased vigor, did not make the progeny less susceptible.

Resistant strains crossed with pink varieties have resulted in complete suscepti-

bility, even in the F2 generation.

Double-crossed progeny in the Fi generation did not show noticeably increased

resistance to rust over the single-crossed progeny. The ratio of resistant to

susceptible plants in the Fi generation in both crosses was about the same. Suscep-

tible strains in the F2 generation gave all susceptible progeny. Susceptible plants

from the Fi generation continued to breed true for susceptibility in the F2 genera-

tion. Between eight and ten thousand plants were grown in the F2 generation

test; selections from these strains are being carried on for the F3 generation.

DEPARTMENT OF HOME ECONOMICS
Bernice Wait in Charge

The Comparative Value of Milk and Tomato for Supplementary Feeding

in Elementary Schools. (B. Wait and M. V. Cowing.) For the past three

years the children in a small consolidated rural school have been given a supplemen-

tary mid-morning feeding at first of either milk or tomato and later of a combina-

tion of evaporated milk and tomato juice. The study is being continued for a

fourth year by feeding the children of a control school to ascertain whether any

results of the feeding which seemed apparent can be duplicated in this latter group.

Whether the data obtained will confirm the observation that there was some

improvement in the general well-being of the children as a result of the feeding of

either the tomato or the milk or of both, or whether the apparent improvement was

sufficient to be measured by the tests applied can not be stated until the analysis

of these data has been more nearly completed.

The Value of Evaporated Milk for School Food Service. (B. Wait and

O. A. Merriam.) This project is similar in purpose and in method to the above.

Throughout two school years the children of the first four grades of the school in

a small mill village have been given a mid-morning feeding of eight ounces of re-

constituted evaporated milk daily. The general condition of these children at the

beginning and the end of the school year as indicated by medical and dental exam-

inations, and their growth, school progress, school attendance, and incidence of

colds during the school year have been observed. These same observations have

also been made of a control group of children of the same grades in a school in a

neighboring village. As in the project above, the control group is being fed this

year to ascertain w hether any improvement observed in the general well-being of

the children of the experimental group can be obtained as well in the children of

the control school.
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DEPARTMENT OF HORTICULTURAL MANUFACTURES
W. W. Chenoweth in Charge

Technological Investigation and Nutritive Value of New England

Fruit Products. (C. R. Fellers and J. A. Clague.) Apple juice extracted within

a few seconds by means of a small centrifugal extractor proved to be a very satis-

factory beverage, though differing materially in color, flavor, and consistency from

pressed sweet cider. The fresh juice darkened rapidly and formed a fine sediment.

Both freshly made and 24-hour-old juices had lost 10 to 30 per cent of the vitamin

C content of the original fruit. Pasteurized cider and strained apple sauce retained

practically no vitamin C, while benzoated cider and unstrained apple sauce re-

tained 20 to 40 per cent of the vitamin C. In the Baldwin apple, the vitamin C is

concentrated in the epidermis and in the fleshy cortex. The epidermis is about

4 times as active as the fiesh near it, and 6 to 10 times as active as the flesh in the

pulpy area near the core.

While the Baldwin apple is a rich source of vitamin C, the Mcintosh is very poor.

When 25 grams a day were fed to guinea pigs, there was some scurvy protection

and bare maintenance of weight.

Baldwin apples had lost about 20 per cent of their vitamin C content after 4 to

6 months storage at 36° F.; after 8 to 10 months the loss had reached nearly 40

per cent.

Ten leading New England varieties are now being tested for vitamin C.

Manufacture, Preservation and Nutritive Value of Cranberry Products.

(C. R. Fellers and J. A. Clague.) Approximately 50 varieties of cranberries were

again examined chemically and made into strained and whole-fruit sauce. Many
varieties were found unsuitable for manufacturing purposes. In fact, a blend of

several varieties gives the best cranberry sauce in point of flavor. Data were

collected on the manufacturing methods employed by canners and preservers of

cranberry products. For canning cranberry sauce only well-tinned re-enameled

cans will satisfactorily preserve the flavor and color for a year at room tempera-

tures. Corrosion and perforation of the can, and discoloration of the sauce are

greatly reduced at storage temperatures of 32° to 40° F. Either slow or quick-

frozen cranberries can be used for sauce manufacture. The canned sauce made
from frozen berries kept in storage for one year was fully equal in quality to that

made from fresh fruit.

Vitamin studies made by P. D. Isham, aided by funds furnished by the American

Cranberry Exchange, have further proved the high antiscorbutic value of the

fresh and frozen cranberry and whole-fruit cranberry sauce. Strained sauce,

pasteurized juice, jelly, and evaporated whole cranberries retained very little

vitamin C. Cranberries were shown to contain about 0.2 rat unit per gram of

vitamin A. Negative results were obtained for vitamins B, D, and G.

Additional blood and urine examinations were made on young men fed measured

quantities of cranberries. The blood alkali reserve was not significantly decreased

unless 5 ounces or more of cranberry sauce was eaten. The conjugation of benzoic

and quinic acids in the body produced urinary acidities in proportion to the amounts
of cranberry ingested, though 5 ounces or less of cranberry sauce produced rela-

tively slight increases in either the H-ion concentration or the hippuric acid.

These results indicate that moderate or even generous servings of cranberries may
be eaten without fear of reducing the blood alkali reserve to a dangerous degree.

Cranberry juice has been prepared both by the cold-pressing and heat-extrac-

tion methods. For cold-pressing, the berries should be ground and allowed to

stand in a cool place for 12 to 24 hours to increase the color of the pressed juice.
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The yield is about 3.5 gallons of pure juice to 50 pounds of fruit. The clarified

diluted juice with the addition of sugar makes a very satisfying beverage and one

not at present marketed. The heat-extracted juice is already being manufactured

on a commercial basis in this State.

Cranberry jelly has never been a satisfactory commercial product. The jelly

is soft and watery. This objection has been entirely overcome by treating the

cold-pressed or heat-extracted juices with pectinase enzyme to remove the quick-

setting cranberry pectin. This is followed by filtration and the addition of citrus

or apple pectin. A perfect jelly retaining all the flavor and color of the cranberry

is thus obtained.

Effect of Microorganisms on the Jellying Power of Fruit Juices. (C. R.

Fellers, J. A. Clague and R. L. France.) The several species of yeasts and bac-

teria employed to date do not decompose pectin in fruit juices. However, several

species of Penicillium and Aspergillus are very active pectin decomposers. Juice

or pulp harboring these actively growing molds will not make satisfactory jelly

or pectin.

Utilization of Onions by Canning and Drying. ((?. R. Fellers.) This

project has been inactive during the year except insofar as canned, dried, and

pickled onions, previously packed, have been examined for keeping quality.

There has been much commercial interest shown in the onion powder from cull

onions which was developed several years ago.

Utilization of New England Fruits in Ice Cream. (C. R. Fellers and AT. J.

Mack. A report of this work was published in July as Bulletin 287. This co-

operative project has been continued with a view to ascertaining whether straw-

berries still retain vitamin C after freezing and storage and incorporation into ice

cream. I^esults clearly indicate that the high vitamin C content of fresh straw-

berries is retained in both frozen strawberries and strawberry ice cream.

Research on Dates. (C. R. Fellers, J. C. Clague and M. M. Cleveland.)

The mineral composition of dates was determined and published in Industrial

andEngineenng Chemistry, Analytical Edition , 4:267-268, July 1932.

The souring of dates was found to be due to the growth of sugar-tolerant yeasts.

Some of the results were published in the Journal of Bacteriology 23:63, January

1932.

This work was made possible by a grant from the Hills Brothers Company of

New York.

Vitamin Content of Blueberries. (C. R. Fellers and P. D. Isham.) Native,

Maine, and Newfoundland blueberries were examined for vitamin C content,

funds to help in this work having been furnished by the Birdseye Laboratories of

Gloucester. The native tall-bush blueberry, fresh, frozen, or canned, was a good

source of vitamin C, about 4 to 5 grams daily sufficing to protect guinea pigs from

scurvy. However, the Maine and Newfoundland low-bush blueberries were not

over one-third as active in this vitamin.

Effect of Fertilization on Vitamin A and C content of Asparagus, (t . R.

I'ellers, R. E. Young and P. D. Isham.) With the financial assistance of the Pot-

ash Export Company, My., asparagus grown at the Waltham Field Station was

tested for vitamins A and C. The first season's results show that asparagus is a

rich source of vitamin C, from 2 to 2.5 grams daily fully protecting guinea pigs

from scurvy. The fresh asparagus also contained 5 to 7 units of vitamin A per

gram. No conclusions may yet be drawn as to the efTect of fertilizer treatment

on vitamin content.
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Canned Red Sqviill Rat Baits. (M. G. O'Connor and P:. M. Mills. Bureau

of Biological Survey, U. S. D. A.) This research, financed by the K-R-0

Company of Springfield, Ohio, has shown that beef or horse meat, whiting, macker-

el, haddock, and cereals, when mixed with red squill powder and canned, proved

to be acceptable yet toxic baits for rats. Proper sterilization processes have been

worked out for these canned baits.

DEPx\RTMENT OF OLERICULTURE
Ralph A. Van Meter in Charge

Asparagus Investigations. (Robert E. Young, Waltham.)

Fertilizers. The asparagus plots located at Waltham on a rather heavy soil did

not produce as high yields in 1932 as those located on the lighter soils at Concord

and Eastham. The spears at Waltham were very small, but the number of spears

per plant was large. Older asparagus growing in another bed adjacent to these

plots produced a large percentage of fancy spears, while almost no spears large

enough to be graded as fancy were produced on the fertilizer plots. Nitrate of

potash and sulfate of potash did not give as good results as muriate of potash.

The difference in yield of the plots receiving the various nitrogen carriers was

insignificant. Results this year show that potash is necessary for high yields.

The plots at Eastham, Massachusetts, on a light, gravelly soil gave very good

results. Yields were high and the proportion of fancy spears was much greater

than at Concord or Waltham. The plot receiving seaweed and superphosphate

remains the highest-producing plot in the experiment, probably due to the capa-

city of this plot to hold moisture and plant food. Ten of the plots are duplicated

on an acid soil. Some of the fertilizers gave better results on the acid soil, but

ammonium sulfate gave only about 60 per cent as great a yield as on the regular

plot.

The plots at Concord were cut for a period of two weeks this year. Last year

they were not cut, due to poor growth of the previous season. The yield was very

good for the short period of harvest. The plot that produced the highest yield

was one receiving cottonseed meal as the source of nitrogen. This was followed

closely by the plots which received the nitrogen as sulfate of ammonia and the

phosphorus as basic slag. The remainder of the plots are grouped very close to-

gether in yield. The plot receiving no potash was notably low. Acidity tests

made late in the fall show that the average pH has been raised from 4.5 to about 5.8.

In general the results obtained this season are much more promising than those

of last season. There were some substitutions made in the fertilizer materials

used, one being the use of calcium cyanamid, superphosphate, and potash in

place of a mixture of ammonium phosphate and potash. The cyanamid was
applied at the regular time, June 20. At that time there was a very heavy crop

cf weeds about three inches high covering the ground. A few days after this

application of about 750 pounds of calcium cyanamid per acre, the weed growth

had been completely killed. It apparently did not affect the asparagus plants.

Depth of Phintiiio and Height of Cutting. The most significant result of this

experiment seems to be the increased mortality where the asparagus roots are

planted 6 and 8 inches deep. The decreased number of plants in these plots has

reduced the yield. The roots planted at the shallow depth of 2 and 4 inches pro-

duced by far the most asparagus. If the yields are computed on the basis of a 100

per cent stand, however, the roots planted 8 inches deep rank first in yield, followed

by the plots where the roots were planted 2, 4, and 6 inches deep, respectively. A
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comparison of the stand counts in 1931 with those in 1932 shows that in the plots

where the roots were planted 2 and 4 inches deep there was almost no loss of

plants; while the plots where the roots were 6 to 8 inches deep continued to lose

plants, there being approximately a 6 per cent loss in the latter case.

Of the three plots where the spears were cut with 4, 8, and 12 inches green, the

largest yield was obtained from the plots cut with 12 inches green, and the plots with

8 inches of green were next. Yields from the plots cut with 4 inches of green were

11 per cent below the yields of the 12 inches of green. The yields this year were

about the same as in 1931 except that the spread between the 4 inches and the

12 inches green was not so great. Definite conclusions cannot be drawn until the

results of two or three seasons are available.

Seed Improvement. (Robert E. Young, Waltham.) Selfing to obtain pure

lines was continued on five of the most promising strains of blue Hubbard squash.

Some of these strains are nearly pure as shown by the uniformity of shape, color,

wartiness, and thickness of flesh. These strains are losing vigor in that they do

not produce yields equal to those of commercial strains. Some Fi plants were

grown from the cross of the most promising strains last year. The plants were

selfed in order that a pure strain may be obtained if they continue to show promise.

The 1931 selections of Horticultural beans grown this past season proved to be

a great improvement over any commercial variety that has been tried here.

Two of these selections were very superior, and it is the intention to develop them

further.

The market gartleners purchased about 7.S0 pounds of the Field Station Hutch-

inson carrot seed this year. It is reported to be superior to commercial strains.

There is some variation in the length of the carrot when it is grown in various

types of soil. Plenty of this seed is available for distribution in 1933. The

parent stock is being maintained at the Field Station to insure the same quality

of seed from year to year.

The red sport of Oshkosh pepper that has been grown at the Field Station for

the past few years has now been named the Waltham Beauty. The uniformity

of the fruit of this pepper was greatly improved by the selections made in 1931.

In 1932 there were plants among the selections that bore 20 marketable fruits.

Plants grown on a one-eightieth acre plot for yield data produced an average of 12

peppers per plant, and the average weight of the peppers was 3.7 ounces. Selec-

tions were continued to improve the uniformity of the plants in height. Crosses

made in the greenhouse last winter between the Waltham Beauty and the Cali-

fornia Wonder, in the hope of producing a larger pepper, increased the size but at

the expense of yield. As the Waltham Beauty seems superior to the varieties

grown by the market gardener, it was decided not to wait until the pepper is

perfected to distribute samples of the seed.

An ample supply of seed of the Bel-May lettuce is now available. Last season,

125 pounds of seed were grown in California for the Boston Market (hardeners

Association. Plants are now being grown to maintain the seed stock, and from

these selections will be made in an attempt to improve the frame formation.

Selections have been continued to improve the color and flesh of the Wyman
Crosby beet. This variety has already proved to be very uniform in shape and

size. The beets produced from the stock seed are uniform in shape and size and

maintain their quality until quite large. Selections were made last season on the

basis of size and color, as there seemed to be some indication of a correlation be-

tween them.
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Systematic and Quality vStudies of Varieties of Sweet Corn. (G. B.

Snyder.) In the trial plots, 231 lots of sweet corn including S2 different named

sorts were grown. Detailed records of each lot were taken in order to allow for

definite classification and rating as conmiercial varieties for Massachusetts market

gardeners. Many lots having distinct names were found to be either very similar

to or synonymous with older standard varieties. Comparatively few of the varie-

ties studied were found to be satisfactory for culture by the market gardener from

a consideration of maturity, yield, size of stalk, size of ear, and color, size, and

quality of kernel.

Refractive indexes and percentage-of-sugar readings were taken for 211 lots,

20 readings being taken for each lot. In the pre-milk stage of development sugar

ranged from 12 to 16 per cent, and from pre-milk to soft-dough development varie-

ties differed mari<edly, the high point in sugar ranging from 16 to 29 per cent.

Strains of a variety, however, deviated very little from the average for the variety

in percentage of sugar.

This year was the first of a three-year project.

Dark Center or Internal Breakdown of Swede Turnips. (G. B. Snyder

and R. W. Donaldson.) Dark center of the Swede turnip is apparently physiolog-

ical in character and non-parasitic. Histological studies indicate the condition

as brownish or water-soaked areas in the parenchyma tissue between the vascular

strands. The tissue of the cortex and cambium is not affected. In the advanced

stages of dark center, the affected tissue becomes pithy and woody.

Field studies of dark center did not show any relationship between the condition

and fertilizers, soil acidity, soil type, or crop rotation. A definite relationship,

however, was noticed between soil moisture and dark center.

Series of crocks were set up in which varying quantities of animal manures

and peat were applied to soils taken from infected fields in Berkshire and Barn-

stable Counties. In each series the soil moisture was regulated at low, medium,

and high points. In every case the high organic soils having a medium to high

moisture content produced plants showing little to no dark center. The low

organic soils having a low percentage of moisture produced plants, the roots of

which were decidedly affected by the disorder.

Taxonomic Studies of Eggplants. (G. B. Snyder.) During the past five

years, 105 different named lots of eggplants have been under observation in the

trial plots. Detailed records have been taken of each lot for plant and fruit

characters, disease susceptibility, anrl commercial adaptability. From these

observations and records a systematic monograph is being prepared.

DEPARTMENT OF PLANT AND ANIMAL CHEMISTRY
J. B. Lindsey in Charge

The Effect of Fertilizer and Cultural Treatment on the Composition

of Havana Tobacco. (E. B. Holland and E. Bennett.) Various grades of

Havana tobacco raised on the station plots in 1931 have been analyzed with a

view to determining the effect of different amounts and forms of applied nitrogen

on the composition of the web of both cured and sweat samples. The scope of

the work has been broadened to include the determination of carbohydrates,

with the expectation that additional studies may show some correlation between

the nitrogen-carbon ratio of the web and its free-burning qualities.

To supplement this investigation popular brands of smoking tobacco and of

cigarettes have been purchased in the local market and submitted to analysis.
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The results show marked differences in the jiipe tobaccos but a reasonable uni-

formity in the cigarette tobaccos.

Oil Sprays. (E. B. Holland.) Miscibles were prepared from five different

lubricating cils ranging from spindle oils to a medium turbine. The process

employed was the so-called spontaneous method using triethanolamine oleate as

the emulsifying agent. The miscibles were applied in the orchard on the basis

of 3 per cent oil by weight and gave satisfactory control of mites (index) in all cases

with no apparent injury to buds or retardation of growth. The heavier, more

viscous oils required a larger amount of emulsifying agent at an increased cost

and were no more effective.

Nitrogen Fixation in the Presence of or as a Result of the Growth of

Legumes versus Non-Legumes Under Certain Defined Agronomic Con-
ditions. (E. W. Morse.) The crops grown this year (1932) were Hungarian

millet and soy beans as non-legume and legume. Nitrogen was applied this year

to Plots 5, 8, and 10, while Plots 7 and 9 were continued without any as in the past

50 years. This was the ninth crop since the beginning of this e.xperiment, during

which period Plot 6 has not received nitrogen while in previous years it had been

dressed witii ammonium sulfate like Plot 8.

Dry Matter and Nitrogen Removed from Non-Legume and Legume Areas in 1932

(Pounds per acre)

Without Nitrogen With Nitrogen

Dry Matter Nitrogen Dry Matter Nitrogen

Hungarian Millet 3464 28.24 5385 52.78

Soy Beans 4029 104.77 4377 99.43

The non-leguminous millet responded to the nitrogen fertilizer with an increase

of 1921 pounds of dry matter, equivalent to 2260 pounds millet hay per acre.

The gain in nitrogen was 24.5 pounds, which is only 55 per cent of the 45 pounds

applied per acre.

The leguminous soy beans gained 348 pounds of dry matter when nitrogen

was applied, but the crop contained less nitrogen than that grown without any

nitrogen in the fertilizer. The failure to take up nitrogen from the fertilizer

has been observed in previous seasons with clover.

A summary of the nine crops grown on the legume sections of all the plots is

here presented for each year of the experiment.

Dry Matter and Nitrogen removed from Legume Areas in 9 Years

(Pounds per acre)

Without Nitrogen With Nitrogen

Year Crops Dry Matter Nitrogen Dry Matter Nitrogen

1924 Clovers 3865 106.1 *3916 100.6

1925 Corn 3419 59.4 3422 58.5

1926 Soy Beans .3491 79.6 *3681 87.9

1927 Corn 2366 ^9A 2353 40.9

1928 Clover and Weeds 2658 39.0 *2828 38.7

1929 Clover 3952 91.6 3624 81.3

1930 Millet 6187 78.9 *6920 89.5

1931 Peas and Oats 2510 44 6 2579 46.8

1932 Soy Beans 4029 104.8 *4377 99.4

Total 32477 643.4 33700 643.8

Nitrogen applied in each of these years at the rate of 45 pounds per acre.
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The net gain in nine years by the application of 225 pounds per acre of nitrogen

was 1223 pounds of dry matter, while the nitrogen contained in the crops practi-

cally balanced. The fertilizer nitrogen appeared to stimulate growth at seme

stage, due possibly to its immediate availability, without ultimately increasing

the content of the element except in the non-leguminous crops interspersed in the

series. The leguminous crops from the plots without nitrogen, four times out of

six, contained more nitrogen than those from the nitrogen group.

The results of this fertilizer experiment are now being prepared in more detail

for publication. They suggest a new comparison between atmospheric nitrogen

compounds synthesized by bacteria and those synthesized by factory processes

by continuing the legumes and non-legumes, but substituting the newer nitrogen

compounds for the former standard fertilizers.

Chemical Study of Cranberries. (F. W. Morse.) Twenty-three varieties

of cranberries were analyzed, ten of which were from Wisconsin and thirteen from

New Jersey. The samples were procured by Dr. H. J. Franklin in connection

with his comparative studies of cranberry varieties. No information was avail-

able regarding dates of picking from the vines.

The analyses were made during January of this year (1932), and the berries were

removed from cold storage as needed. Water, total sugar, and total acid were de-

termined. Eight varieties were belov/ 3 percent in sugar content, which indicates

fruit immature when picked. Eleven were between 3 and 3.5 per cent and one

contained 4 per cent total sugar. Total acid ranged from 2.05 to 2.71 per cent

which is within the limits found in past seasons.

Two varieties were notably superior in the proportion of sound fruit in January.

Searls Jumbo from Wisconsin and Budds Blue from New Jersey were more than

85 per cent sound when sorted by hand. F"ourteen were less than two-thirds

sound, which shows the risk in holding cranberries in storage to extend the market

period.

The two varieties above named illustrate the comparatively narrow difference

in chemical composition between extreme types ot cranberries. Searls Jumbo is a

juicy berry of high quality. Budds Blue is dry and firm in texture. Analysis

gave the following results in percentages.

Water Total Sugar Total Acid

Searls Jumbo 87.9 4.02 2.33

Budds Blue 86.6 2.61 2.20

Astringent matter was determined in several varieties, of which these two
represented the extreme range — Searls Jumbo, 0.19 per cent; Budds Blue, 0.37

per cent. The astringent matter in the cranberry appears to consist of a glucoside

with a bitter taste rather than tannin, although qualitative tests show traces of

tannin to be present.

Ouinic acid was determined in 13 of the varieties by the tentative method men-
tioned last year. The range in approximate percentages was from 0.38 to 1.03

per cent. The two varieties mentioned above were practically alike, with approx-

imately 0.7 per cent of the acid.

In the course of the cranberry studies, a quantity of the cranberry wax has been

accumulated for the purpose of studying its properties.

Milk Substitutes in the Growing of Young Calves. (J. B. Lindsey.)

This project has been completed and the manuscript prepared for publication.

The general conclusion was that it is quite desirable to feed calves some liquid

food until they are two months of age, and the time can well be extended a month
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or more in case of delicate calves or when an extra growth impetus is desired.

Nothing better was foiinfl for this purpose than powdered skim milk, now easily

obtainable in the market at a reasonable price, followed later by white fish meal

combined with our grain ration No. 5. The detailed method of procedure is given

in the publication.

Two Systems of Dairy Cattle Feeding — High Roughage and Low Grain

versus Low Roughage and High Grain. (J. B. Lindsey and J. G. Archibald.)

This investigation has been completed and the results published in Bulletin 291.

Mineral Requirements for the Growth of Dairy Heifers. (J. B. Lindsey

and J. G. Archibald.) Eighty-eight metabolism balance trials have been com-

pleted with twelve heifers on high and low phosphorus rations. The results of

seventy-two of these trials with eight of the heifers have been calculated and

sufficiently interpreted to enable determination of the next logical step in the

investigation; but publication of even tentative conclusions at this time is not

deemed justifiable.

Studies in the Chemistry of Pasture Grasses. (J. G. Archibald and E.

Bennett.) A final report of three years' work on the chemical composition of

grass from pasture plots managed according to the Hohenheim system appeared

in the Journal of Agricultural Research 45: 627-640, November 15, 1932.

Results of a study of the distribution of the different forms of nitrogen in

pasture grass have been brought together in an article entitled "Nitrogen Parti-

tion in Pasture Grass", which has recently been submitted for publication in the

Journal of Agricultural Research, together with a companion article entitled "In-

fluence of Drying and Grinding upon the Total, Amino and Ammonia Nitrogen

Content of Grasses."

Eield work in connection with the survey of natural pastures throughout the

State was completed this year. One hundred samples of grass have been collected

from typical unfertilized pastures on predominant soil types in the five western

counties of the State. The analytical work on these samples is in progress and

will be completed within a few w-eeks.

The study of the chemical composition of various species of grass has been

continued this year. Forty additional samples from well-established plots of

timothy, red top, Kentucky and Canada bluegrass, orchard grass, sheep fescue,

Rhode Island bent, and white clover have been secured during the year, and

reliable data are gradually being accumulated. The work will be continued

at least another year before a formal report is made. However, the following

tentative observations seem warranted at this time:

1. Orchard grass {Dactylis glomerata) has a remarkably high mineral content,

phosphorus being about double that found in any other grass studied, and calcium

toeing considerably higher than in most of the others.

2. The bent family of grasses (genus Agrostis), represented in this study by

red top {Agrostis alba) and Rhode Island bent {Agrostis canina), seems to be

characterized by a high content of calcium.

DEPARTMENT OF POMOLOGY
F. C. Sears in Charge

The experiment station orchard produced another good crop of peaches in 1932

following a remarkably mild winter. The lowest temperature reading in th(;

orchard was e.xactly zero. During the ten years that this orchard has been of

bearing age, the crop has failed only in 1924 and 1927, the cause of failure being
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winterkilling of the fruit buds. Evidently the killing point is usually close to

-15° F". Buds, especially of bud-hardy varieties, may withstand lower tempera-

tures, while those of the more tender varieties may be badly killed at higher

temperatures. The severity of bud killing depends on (1) the minimum temp-

erature, (2) the variety, (3) the condition of the tree, and (4) conditions prevailing

at the time of the temperature drop, such as wind, the rapidity of the drop, and

the duration of the low temperature.

The apple crop was about 60 per cent larger than that of last year but was

exceeded by that of 1930 also by about 60 per cent. Damage from insects and

diseases in all well-sprayed orchards was unusually light.

The Interrelation of Stock and Scion in Apples. (J. K. Shaw.) Due to

financial stress the Department has been obliged to allow the control of the main

orchard of this project to pass to a commercial grower. Limited observations

will still be made, but detailed experimental studies become impossible. Appli-

cations of muriate of potash to certain rows have not yet shown clearly that the

''tip burn" referred to in the report of last year is due to potash deficiency. Ob-

servations on this will be continued. It is evident that water supply is a factor,

but it is possible that lack of potash may also be a factor.

The young orchard of Mcintosh and Wealthy on East Mailing stocks set in

1928 continues to develop in a satisfactory way. It bore a scattering crop this

year. Mcintosh on Mailing Stock 1 gives indications of being superior in early

production, while Wealthy on the same stock does not produce so much on ac-

count of the very small trees. Stock 16 maintains its position as a standard stock

and has produced well. Stock 9 promises to be a good dwarfing stock. The
largest crop of W^ealthy was on trees on Stock 4, and only Mcintosh trees on Stock

1 exceeded those on Stock 4. This stock is not very highly regarded in England

and may develop some fatal weakness, but experience thus far seems to indicate

that here it is a good stock for producing large trees and for early production with

these two varieties.

These stocks are being further multiplied, and more extensive tests of our desir-

able varieties on them are planned. It seems possible that some of them may be

desirable for producing semi-dwarf trees, free from the objections to dwarf trees,

which may have commercial value.

Tree Characters of Fruit Varieties. (J. K. Shaw and A. P. French.) The
set of photographs and technical descriptions of more than 100 commercial

varieties of apples referred to last year has been practically completed. Work
along a similar line with commercial varieties of cherries has been started. Trees

or buds of nearly forty varieties have been assembled. Seedlings of Japanese

flowering cherries have been used as stocks. Certain types of this species produce

viable seeds abundantly and give vigorous seedlings resembling Mazzard stocks.

Further experience will show whether these are desirable for cherry stocks.

The usual certification work of the Massachusetts Fruit Growers' Association

and the inspection of nursery trees for trueness to name have been continued al-

though in somewhat reduced volume as compared with earlier years, due to the

reduced demand for trees. The significance of this work is shown in the almost

complete absence, now, of misnamed trees in the nurseries examined; whereas in

the early years they were present, literally in thousands. The nurserymen report a

marked reduction in the complaints of misnamed trees received from customers

during the last few years. Such complaints must practically disappear in the

future. The nurserymen having these examinations represent a rather small

proportion of the total number; but the influence of this work extends beyond the
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nurseries actually examined and there can be no doubt that the number of mis-

named trees sold has l)een greatly reduced.

The Genetic Composition of Peaches. (J. S. Bailey and A. P. French.)

Evidence has been obtained that in peaches there is Hnkage between the gene

controlling stone adhesion and the gene controlling flesh toughness, with about

8 per cent crossing over. The Champion variety has an albino lethal character

which acts as a simple Mendelian recessive. Among certain seedlings a new
combination of leaf characters has appeared. Some individuals have very wavy
leaves, deeply serrate margins, and globose glands. A paper on "The inheritance

of certain characters in the peach" which is to appear in the 1932 Report oj the

American Society for Horticultural Science, will discuss these observations in more
detail.

The breeding work was continued in the spring of 1932. This work was planned

so as to give further information concerning the linkage relations between stone

adhesion and toughness of flesh. Favorable weather conditions prevailed during

the breeding season and a good crop of pits was obtained.

The two orchards of seedling peaches planted in 1928 had to be removed in the

fall of 1932 because of a severe infection of peach yellows.

As a result of the peach breeding work in 1931, about 300 seedling peach trees

are in the nursery ready to be set in the orchard in the spring of 1933.

Testing Methods of Pruning. (J. K. Shaw.) One of the orchards involved

in this work has passed into the hands of a commercial grower for reasons pre-

viously mentioned. Some observation on the orchard may still be made. Work
in the other orchard is still continued with no change in the trend of results.

Effect of Pruning Bearing Apple Trees. (J. K. Shaw and O. C. Roberts.)

This experiment in an old bearing orchard has continued as in earlier years,

comparison being made between heavy, light, and no pruning. Sizing and grad-

ing tests show in some cases better color and larger size in the apples from pruned

trees and occasionally less insect infestation and disease, but the difTerences

continue to be less than most fruit growers would expect.

Observations have been extended to include certain Rhode Island Greening,

Wealthy, Ben Davis, and Mcintosh trees, 35 years old, some of which are

moderately pruned while others are left unpruned.

Comparison of Cultivation and Sod in a Bearing Orchard. (J. K.

Shaw.) The amount of nitrate of soda applied to the sod plots was increased

in the Spring of 1932 from 300 to 400 pounds per acre. There is some evidence

that this may have resulted in yields larger than they would have been w'ithout

this increase. Yet the plot in cultivation with nitrate continued to make a better

showing; this gives further evidence that the sod-nitrogen program will not, over

a period of years give maximum yields. The Mcintosh trees on the cultivated

nitrate-potash plot continue to yield better than those on the similar plot receiving

nitrate alone, while the Baklwin trees do not. The increase in Mcintosh is about

70 per cent, while the Baldwin trees have shown little or no increase. Further

evidence is needed before it is safe to conclude that Mcintosh has more definitely

a potash requirement than Baldwin
;
yet it may be true.

The younger orchard included in this project has passed out of our control as

previously stated.

Comparison of Clover Sod and Grass in a Sod Mulch Orchard. (J. K.

Shaw.) The fertilizer treatments were continued as in previous years. The
grass has been allowed to grow and the white clover has almost disappeared from
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the phosphorus-potash-linie plots. These plots continue inferior to the complete

fertilizer plots in yield. There is no conclusive evidence that the white clover

brought in by the phosphorus-potash-lime treatment has benefited the trees, yet

the trees have apparently produced better than they would have done had no

fertilizer been applied. Wagener seems to have suffered more from lack of nitro-

genous fertilizers than have Oldenburg and Wealthy.

Tests of Different Amounts of Nitrate of Soda. (J. K. Shaw.) This proj-

ect has continued on the modified plan of fertilizing only in the off-bearing years.

A complete fertilizer is used which contains nitrate of soda at the rate of 10, llh

and 25 pounds per tree. The orchard is in sod. The crop in 1932 was less than

that of 1930. This may have been due to weather conditions, the probable cause

of the rather light Baldwin crop in 1932, or the omission of fertilizer may been have

a factor. It is uncertain as yet whether this omission has improved the appearance

of the fruit. Yields continue to be larger with larger amounts of nitrogen, and

there is no marked difference in color of fruit.

Comparison of Cultivation and Heavy Mulching for Apples from the

Different Plots. (J. K. Shaw.) The cultivated plots which received no fertili-

zer before 1931 were fertilized with nitrate of soda this year as in 1931. There is

an apparent increase in yield of Mcintosh, but Wealthy shows little if any increase.

The yield of Mcintosh, considering the smaller size of the trees, is now nearly if

not quite as good as that from the mulched trees. The standard Wealthy trees

on the cultivated plot with nitrate show some gain from the nitrate but those on

doucin stock do not. This may be because they were already producing up to

their limit. The comparison will be continued.

The Effects of Fertilizer Limitation on Fruit Plants. (J. K. Shaw.) The

own-rooted Mcintosh and Wealthy trees planted in 1931 have made fair growth,

and the fertilizer applications were continued the same as last year. Conclusions

as to whether these trees will behave the same as those previously grown on this

field cannot yet be drawn.

Roleof Potash and Lime in Fruit Tree Nutrition. (J.K.Shaw.) Further

studies on the effect of acidifying soil from the long-time fertilizer test field known

as the North Soil Test by applications of sulfur showed that lowering the pH
value below 5.0 usually injures the growth of the seedling peach trees used as

indicators, while lowering it below 4.0 kills the trees. The addition of mineral

fertilizers is likely to be of little or no benefit, while the addition of organic ammos
niates favors growth even in rather acid soils. Trees in soil from an apple orchard

where apple trees are growing well, grew well under a pH of 4.2 ; however, when the

pH was lowered to 3.8 the trees failed to grow. Raising the pH by additions

of lime favored growth as in previous years.

Effect of Potash and Lime on Apple Trees. (J. K. Shaw.) This project

has been carried on as in past years. There seems to be no evidence that lime has

been of any benefit to the trees. It is possible that the addition of potash to

nitrogen has now increased yields though there was no evidence of it in the earlier

years. No indications of benefit to the trees from the application of phosphorus

have yet appeared. More data and a careful analysis of all of it is necessary be-

fore final conclusions can be drawn.

Study of Varieties of Fruits. (J. K. Shaw and O. C. Roberts.) More new-

varieties came into bearing than in any previous year. Some are promising

but few will take any prominent place among the standard varieties.
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The Macoun apple bore more abundantly than in previous years. It is of good
size and is nearly, if not ciuite, as good in quality as Mcintosh. It is a real winter

apple and fairly attractive in appearance. Its very short stem will cause no stem-

bruises in the package. It is superior to Cortland in most respects. It seems to

be the most promising candidate for a place as the much desired "Winter Mc-
intosh."

Lobo is very attractive in appearance, being of a clear bright red but its quality

is much inferior to Mcintosh. As it is of nearly the same season it seems doubt-

ful whether it can find a place in Massachusetts.

Early Mcintosh and Milton showed no distinct superiority over previous years

and it seems doubtful whether either becomes very valuable here.

Lodi is larger than Yellow Transparent and probably will stand handling a

little better, but varieties of this type do not seem to be now in favor.

A red sport of Gravenstein originating in Ashby came into bearing this year.

It is similar to the Washington type sent out by the New York Fruit Testing

Association but does not seem in any way superior to it. Another sport, received

from Lunenburg, while of somewhat higher color than Gravenstein, shows too

little superiority to be very valuable.

Gallia Beauty again proved far superior in color to both Rome and Red Rome.
The basin is wider, deeper, and more abrupt than in Rome, but otherwise it is

similar in tree and fruit. There seems to be good reason why Gallia Beauty

should replace Rome where such a variety is desired.

Melba is of Duchess season and superior to it for eating. It ripens unevenly

and does not stand handling well. It may have value for local and roadside

stand trade. Brock, Joyce and Pedro, three other Mcintosh seedlings originating

at Ottawa, are inferior in color and not too good in quality.

Scions claimed to represent a red and a blushed strain of Mcintosh, topworked

in the same tree, bore this year and proved the claim well founded. Apples of one

strain were clearly striped and splashed while those from the other showed no sign

of stripes or splashes. There was little difference in the total amount of color,

yet the blushed strain is probably more desirable.

The raspberry variety plantation suffered badly from winter injury in 1931-32.

Early in the spring the canes seemed in good condition but the leaf buds failed to

start and the canes died back or were entirely killed. Some varieties suffered

more than others. Newburgh and Monroe showed little or no injury. Possibly

the rather severe cold in late winter and early spring following an unusually mild

winter caused this injury.

The following varieties of red raspberries, originated at the Geneva New York

Experiment Station, fruited in 1932:

—

Newburgh has shown no mosaic as yet though other varieties located nearby

have suffered more or less severely. It is vigorous, a good plant maker, and a

heavy producer in mid-season of large firm berries of good quality. It is very

promising.

Monroe (No. 2568). This variety also has as yet shown no mosaic diseases.

It is vigorous, a good plant maker with practically smooth canes. It is a good

producer, ripens its large, attractive, firm fruit early, and is of good quality. It

is promising.

Nos. 2563, 2564, 2490 and 2491. These are similar to Monroe but all have

suffered from mosaic diseases. The fruit ripens later and is poor in quality.

They do not promise well here.

Some other varieties which fruited this year are as follows:

Lloyd George is vigorous and a good plant maker. It has not suffered from
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mosaic but has shown some cane and spur blights. It ripens early ami produces

fairly well; the fruit is very large and of fairly good quality. It tends somewhat

to be an everbearer. It should have value for the home garden.

Viking is vigorous and a good plant maker but suffered much from mosaic and

winterkilled badly, seriously reducing the yieUl. When it does not winterkill it

produces heavily of medium to large, firm berries of good quality in mid-season.

Chief is vigorous, a good plant maker, and has shown no mosaic. Fruit medium

to large and of excellent quality. It is a good producer in mid-season, and seems

very promising.

During the past season 41 varieties of strawberries were under observation.

The following seemed to have desirable characteristics:

—

Aberdeen is vigorous and a good plant maker. It is productive. The fruit

is medium to large in size, attractive, medium to dark red in color, ripens from

mid-season to late. It Is worthy of a trial for both commercial and home use.

Bliss is one of the varieties originated at the New York Experiment Station.

It is vigorous and a good plant maker, but somewhat susceptible to leaf spot. It

ripens in late mid-season. The berries are large, attractive and of good quality.

Bouquet, also from the New York Experiment Station, Is similar to Bliss but Is

earlier In season and seems to produce more heavily.

Commonwealth is an old variety but still worthy of consideration as a late

variety which is its outstanding feature. It is moderately vigorous with light

green foliage. It Is fairly productive of large conic berries of fair quality.

First Quality is another old variety which maintains Its popularity mainly

because of Its high quality. It Is a fairly good producer of medium-sized berries

in mid-season. It is susceptible to leaf spot.

Howard 17 (Premier) Is too well known to need recommendation here.

Howard Supreme (Howard 25) is a newly introduced variety which continues

to be one of the highest producers in the plantation. It is vigorous, dark green,

and an excellent plant maker. The fruit is medium to large, dark red with red

flesh and of good cjuality.

Mastodon continues to be the outstanding everbearer In the plantation. It Is

a good plant maker and a goo 1 producer of medium to large berries.

Steven's Late Champion is a good late strawberry but only fairly productive.

The following varieties are of questionable value In Massachusetts for the

reasons given

:

Beacon - lacking In vigor anfl a poor producer.

Dunlap - small size of fruit.
'

Edmund Wilson - poor producer.

Improved Heflin - lacking In vigor, fruit small and of mediocre quality.

Town King - very poor in quality.

May Beauty - lacking In vigor; not productive and of only fair quality.

King Edward - excellent In quality and size, but lacking in productiveness; of

value only for the home garden.

Marshall - the standard of quality but extremely unproductive.

Some other varieties grown, but concerning which there Is yet insufficient

evidence to judge their true worth, are seven varieties from the New York Experi-

ment Station: Caledonia, Camden, Clermont, Culver, 4433, 4734, and 4813; also

the Jupiter and W^yona.

Fruit Bud Formation in the Strawberry. (R. A. Van Meter.) This proj-

ect is concerned with the effect on fruit-bud formation of nitrogen applications

at various times during the latter part of the growing season. It was continued
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ciiirin;^ the past season along lines similar to those of the past four years. There

has been no measurable etTect where the plants are grown on the hill system with

plenty of space between the plants.

A new bed was set in the spring of 19M in which runner plants were developed

and treated with nitrogen-carrying fertilizers. Nitrogenous fertilizers were also

applied to alternating sections of strawberries in matted rows to study the effect

of crowding upon nitrogen response. All plots are duplicated five times and all

receive phosphorus and potassium.

Bud Mutations. (J. K. Shaw and W. H. Thies.) The collection of bud

mutations of apple varieties was maintained. It will be several years before they

come into bearing so that any persistent characteristics and their value can be

determined.

Storage of Mcintosh Apples Under Various Conditions. (O. C. Roberts

cooperating with C. I. Gunness and W. R. Cole.) This project involves a study

of the effect of the "blast" system of cold-air distribution on the keeping of Mc-

intosh apples. A study is also being made of the optimum humidity for the

satisfactory storage of apples in the cold storage and the air-cooled storage. Ob-

servations are being made in several commercial refrigerated and common storages

in addition to those made in the college plant.

Study of Various Spray Materials. (O. C. Roberts cooperating with A. I.

Bourne.) This is a continuation of the work that has been carried on here for

several years whereby various spray materials on the market are given practical

tests in the orchard to determine their efficiency and safety to the trees. Several

of the wettable sulfur compounds appear to be suitable substitutes for liquid

lime-sulfur in the post-calyx applications.

Blueberry Culture. (J. S. Bailey.) The propagation of blueberry plants

was continued to increase the supply of plants, particularly of the newer varieties.

In the spring of 1932 a start was made on the establishment of a large plantation

for the study of the cultural requirements of the blueberry. Observations on the

relation of height of water table to the growth of blueberries were begun in this

plantation.

The variety blueberry plantation was considerably enlarged to facilitate the

more extensive testing of varieties under local conditions.

Cross Pollination and Sterility Studies with Certain Apple Varieties,

(F. C. Sears, O. C. Roberts and others.) Work on the question of pollination of

apples was continued for the eighth season. Special emphasis was placed on

Macoun and Cortland, the two new varieties about which orchardists are most

anxious to secure information. Both these varieties seem to be promising as

pollinators for other varieties, but the evidence so far would seem to indicate

that Cortland is inclined to be self sterile, like its parent the Mcintosh.

DEPARTMENT OF POULTRY HUSBANDRY
J. C. Graham in Charge

Broodiness in Poultry. (I\ A. Hays.) Non-broody and intense broody

lines are continued. Both lines are being selected for the same degree of early

maturity, intensity, absence of winter pause, and persistency. These lines will

eventually differ only in the presence or absence of the broody instinct during the

pullet laying year. In the 1931 generation there were 43 birds in the non-broody

line. Of this number, 33 or 76.74 per cent were non-broody the first year and
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their average annual egg production was 230 compared with an average production

of 208 eggs for the 10 individuals going broody. The broody line was made up

of 30 individuals. Three, or 10 per cent, were non-broody the first year. The
mean egg production of the 30 birds was 177.

Deferred broodiness or the failure of the broody instinct to appear until after

the first laying year causes considerable difficulty in the selection of breeding

stock that is phenotypically broody or non-broody in the two lines.

The study of the mode of inheritance of degrees of broodiness is being continued

as well as a study of the relation of broodiness to other characters affecting fe-

cundity.

Breeding Poultry for Egg Production. (F. A. Hays and Ruby Sanborn.)

The mean annual egg production of the last generation of this experiment was
221 eggs. The mortality rate in the laying houses was 34 per cent without culling

and with all sisters of the families included. This flock was superior for intensity,

but there was a greater percentage of broody birds than in the previous flock.

Egg size is being increased without the loss of high fecundity but more slowly

than would be necessary if high intensity were given less consideration. Hatching

records for 1932 were unsatisfactory because of a defective incubator.

Statistical Study of Heredity in Rhode Island Reds. (F. A. Hays and

Ruby Sanborn.) Data have been prepared and published as follows: "Early

and late feathering in Rhode Island Reds," American Naturalist 66: 286-287, 1932;

"Types of intensity- in Rhode Island Reds," Bulletin 286; "The relation of feather

pigmentation to intensity of laying in Rhode Island Reds," Bulletin 288; "Heredi-

tary and environmental factors affecting variability in egg production," Bulletin

289; "Relation between body weight and age at sexual maturity in Rhode Island

Reds," Poultry Science 12:23-25, 1933; and "Relation of weight at sexual maturity

to annual egg production," Poultry Science 12:2vS-26, 1933.

A Genetic Study of Rhode Island Red Color. (F. A. Hays.) The third

generation of crosses between exhibition and production-bred Rhode Island Reds
is now being carried in the laying houses. The Fi generation was intermediate

in plumage color, yet showed a rather w^ide range of color. The mean annual

egg record of this generation was 191.

The F2 generation exhibited the extreme range in color of the parent stock.

The mean annual egg record of these birds was about 157.

The ¥ i generation came from mating F? x F2 and from mating F2 to parental

stock. There is very definite segregation both of color pattern and of fecundity

traits.

Determination of Genetic Laws Governing Results of Inbreeding.

(F. A. Hays.) The first generation of daughters hatched in 1929 from sire on

daughter matings averaged 180 eggs with a mean age at first egg of 216 days.

The second generation from half-brother x sister matings had an average annual

egg record of 190 with a mean age at sexual maturity of 192 days. A third genera-

tion of 24 birds hatched in 1931 had a mean annual production of 196 eggs and a

mean age at first egg of 213 days. None of the third generation daughters in

one of the three inbred lines could meet the standard for breeders and this line

became extinct with this generation.

The value of inbred males mated to unrelated females to test prepotency is now
being studied.

Factors Affecting Egg Weight and Shell Character in Domestic Fowl.
(F. A. Hays.) The fifth generation of birds was hatched in 1932. The criterion
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for selectinsj pullet breeders to produce this last generation was the ability to lay

52-p;ram, 57-gram and 59-grani eggs during the month of November. Previously

these egg weights applied for the month of December. The daughters in these

three lines are mated to three full brothers of distantly related stock each year.

Egg size is being increased in all three lines but at a very slow rate in the 52-gram

group.

DEPARTMENT OF VETERINARY SCIENCE

J. B. Lentz in Charge

Poultry Disease Elimination Law. (H. Van Roekel, K. L. Bullis, O. S.

Flint, and Miriam K. Clarke.) During the 1931-32 pullorum disease testing

season, 420,861 blood samples were tested by the macroscopic tube agglutination

method. This number represented 377,191 chickens in 455 flocks. Among the

samples tested, 0.90 per cent were positive. This is the lowest percentage of

positive tests ever attained in this State. No positive tests were recorded in two

counties. In six other counties there were less than 1 per cent of positive tests.

The number of non-reacting flocks was increased to 355. Of these, 180 flocks,

representing 157,516 birds, were 100 per cent tested. No reactors were detected

among 1,034 birds other than chickens. These birds were distributed among 25

flocks. Chickens were tested on 19 of these premises, and reactors were found in

five of the chicken flocks. Necropsies were performed on 117 birds for 61 flock

owners. The necropsy service has been found valuable in determining the pull-

orum disease status of a flock in which only doubtful reactors are detected.

Pullorum Disease Investigations. (H. Van Roekel, K. L. Bullis, O. S.

Flint, and Miriam K. Clarke.) Results of recent investigations concerning jellied

blood samples, susceptibility of pheasants and guinea fowl, agglutinins in young

chicks, avenues of infection, a comparison of diagnostic tests, and the most effi-

cient use of the agglutination test in eradication are reported in Control Bulletin

63.

Laboratory Service - Pathology. (G. L. Dun lap and K. L. Bullis.) During

the year, 1,042 specimens were examined for 263 people, of whom 96 made personal

calls at the laboratory. The specimens were distributed as follows: — 1,013

chickens, 3 pigeons, 8 guinea pigs, 4 swine, 6 rabbits, 2 turkeys, 2 ducks, 1 calf,

and 1 mink. The diseases encountered most frequently were pullorum disease,

rachitis, so-called "range paralysis", parasitism, and tumors. Tuberculosis was

diagnosed in one turkey and in one hen.

Farm and Station Bang Disease. In assisting this project, the laboratory

tested 1,371 blood samples by the tube agglutination method.

Infectious Laryngotracheitis. (C. S. C.ibbs.) The studies on chronic

carriers of infectious laryngotracheitis have been completed, and 22 chronic

carriers have been found in approximately 1,000 birds examined by intratracheal

swabs. The length of time virus was eliminated by these carriers varied from

37 to 741 days.

Immunity studies have been continued through the year. It has been deter-

mined that immunity to infectious laryngotracheitis is acquired by direct contact

with the causative agent and is not transmitted to the offspring, except in rare

instances where the hens have laid eggs for hatching while passing through the

acute stages of the disease. Also it has been found that infectious laryngotrachei-

tis is primarily a flisease of pullets and cockerels, older birds being more or less

immune to it. This natural resistance should not be confused with artificial

imnmnity.
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Several methods of vaccinating pullels and cockerels against infectious laryngo-

tracheitis have been studied, and the bursa of Fabricius appears to be the most

satisfactory site for inoculating birds with attenuated viruses. The immunity

produced by vaccination in the bursa of Fabricius is not lasting in all cases unless a

standard vaccine is used. As yet no simple, inexpensive process for standardizing

the vaccine for infectious laryngotracheitis has been discovered, and for this reason

no practical method for vaccinating birds on a large scale is recommended.

Four spraying solutions recommended for infectious laryngotracheitis have been

tried out in the laboratory to determine their pharmacological action upon the

respiratory system. These sprays were not found specific for infectious laryngo-

tracheitis, since they did not destroy the virus in the tracheas of acute cases and

chronic carriers.

A plan for the eraflication and control of infectious laryngotracheitis has been

worked out by laboratory studies and field tests and is recommended until a more
satisfactory way of handling the disease is discovered. The plan follows: ,,

,

The Massachusetts Plan for the Eradication and Control of

:i ;mi ,
I Infections Laryngotracheitis

1. All birds on the premises that have had infectious laryngotracheitis or been

exposed to it should be condemned and disposed of at the end of the hatching sea-

son or at any other time most convenient to the owner for the expedient eradica-

tion of the disease.

2. Incubators and brooders should be cleanerl, disinfected, and isolated some
distance from the condemned birds.

3. Chicks that have not been exposed to infectious laryngotracheitis may be

kept for restocking, provided they are entirely separate from the condemned birds

and the premises occupied by them.

4. All buildings occupied by the condemned birds should be thoroughly cleaned

and disinfected as soon as possible after they are vacated.

5. The houses and yards after cleaning and disinfecting should be opened to

the air and sunshine and left vacant for two months or longer.

6. Overalls and shoes worn around the condemned birds or on the premises

occupied by them should not be used in the houses, on the range, handling feed, or

in caring for chicks for re-stocking, unless laundered or thoroughly disinfected.

7. Utensils and equipment used around the condemned birds or in cleaning and
disinfecting the premises occupied by them should not be used in the houses or on

the range where the chicks for re-stocking are kept unless said utensils and equip-

ment have been thoroughly cleaned and disinfected.

8. Permitted Disinfectants should be used as directed for disinfecting all poul-

try houses, utensils, and equipment.

9. New stock should be introduced only from absolutely clean flocks or from

the poultrymen's own hatchings which have been adequately protected from

infection.

10. The subsequent re-ii.troduction of infectious laryngotracheitis should be

carefully guarded against.

Twenty-seven poultrymen are known to have tried the plan as recommended
or some modification of it. Twenty-three of them succeeded in eradicating the

disease completely and four failed. The four failures were found to be due either

to improper cleaning and disinfection, or to the lack of sufficient airing and sun-

ning of the house and yards.
, .

Infectious Bronchitis. (C. S. Gibbs.) An epizootic of infectious bronchitis,

due to a streptococcus, has been found affecting a flock of hens and roosters. The
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causative agent was isolated from the bronchial tubes and tracheas of infected

birds by means of blood agar plates, and transmitted in series to susceptible fowls

and roosters, and successfully recovered from each case.

Culturally, morphologically, and serologically the streptococcus resembles the

microorganism isolated from a similar condition in baby chicks reported in Bulle-

tin 280, p. 242, 19v32, except that the former organism affected adult birds and the

latter was found only in baby chicks. Laboratory studies indicated that this was

an instance of biological adaptation which could be changed at will.

The microorganism isolated in these epizootics is a haemoglobinophilic strep-

tococcus and is responsible for a condition which has been called infectious bron-

chitis. The prevalence of this disease in the poultry population at large has not

been determined. However, laboratory studies indicate that the mortality and

loss in egg production may not be as serious as in infectious laryngotracheitis.

Avian Paralysis or Neurolynipliomatosis. (C. S. Gibbs.) Pathological

studies of avian paralysis have been continued through the year, and perivascular

infiltration of round cells in the capillaries carrying blood and lymph to the nerves

has been observed in incipient stages of the disease. Also metastatic infection of

nerves from sarcomas in splanchnic tissue, by means of round cells conveyed in the

blood and lymph vessels, has been evident in selected cases. A comparative

pathological study of neurolymphomatosis and lymphatic leukemia has been

undertaken. Up to the present it has not been possible to differentiate the hyper-

plastic tissues in lymphatic leukemia from certain forms of lymphoblastoma,

although neurolymphomatosis may be readily differentiated from both on the

basis of blood counts, differential blood stains, and gross pathology.

Cases of neurolymphomatosis from flocks in which the disease has been intro-

duced comparatively recently show more inflammation and generalized lesions

than those from flocks in which the disease has e.xisted for a number of years.

WALTHAM FIELD STATION
(Waltham, Massachusetts)

Ray M. Koon in Charge

The research of this Station has been projected principally along the same lines

as in 193 L As rapidly as conclusive results on any phase of a project have been

obtained, they have been released to the commercial growers for application to their

problems, without waiting until the completion of the entire project. For reports

on experiments conducted at this Station, in addition to those listed under this

caption, see reports of the Departments of Botany, Entomology, Floriculture, and

Olericulture.

An increase of 50 per cent in the total number of visitors to the Field Station

was recorded in 1932 over the year previous. During the year 2446 persons came

to the Station for personal conferences with members of the staff regarding troubles

threatening their commercial enterprises, or in quest of assistance with problems

relating to amateur horticulture as it is practiced about the home. Telephone

inquiries have numbered 2114; and 2748 letters (not circular) and over 2000 bul-

letins, leaflets, and mimeographs have gone out in answer to requests for informa-

tion.

In March a two-day course offered to commercial flower producers anfl retail

florists was attended by 225. A school for home gardeners, conducted for two

days last April, was attended b^' 800 persons from 54 cities and towns in the

eastern part of the State and several cities in Maine, New Hampshire, and Rhode

Island.
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The Boston Market Gardeners Association has continued to use the Field Sta-

tion as headquarters for their monthly executive committee meetings.

The annual Field Day was held on August 3 with 888 farmers attending.

The Plant House. (P. W. Dempsey.) Interest in the plant house is increas-

ing. Growers of both ornamental and vegetable plants are finding it of much
value, and many amateur gardeners are also finding this type of structure econom-

ical to build and operate, and derive considerable pleasure from their winter

garden. A new up-to-date plant house was built during the fall according to

our latest plans, and an effort is being made to interest commercial concerns to

standardize all the parts of the structure they sell.

Growers who have lost their source of heat (fresh manure) are now interested

in installing hot water heating systems in their frames. The plant house offers

such superior conditions for growing seedlings that the grower is advised to con-

struct a plant house and use his frames to increase his capacity.

Electricity as a Source of Heat in the Hotbed and Propagating Bench.

(P. W. Dempsey.) Work on this project was continued in both the greenhouse

and hotbed. Interest on the part of growers is bound to increase as they become

acquainted with this mild, controlled source of heat. Improvements in methods

of use and type of equipment are constantly being made. Commercial growers in

several states have installed rather extensive outfits.

From the results of this work it is recommended that growers go slowly in mak-

ing an investment in installation and equipment, a trial bed or bench of from 4 to

10 sash being suggested. Operating costs at a current rate of 3 cents per kilowatt

hour have been rather high. The cost of maintaining the temperature of a

propagating bench (sand) 3 feet wide and 5 inches deep at 60" F. with the air

temperature 50° F. was one cent for each running foot each 24 hours. Cost of

the hotbed was $1.60 per sash for the season March 10 to May 20, with the

minimum temperature 45° F. Hot water has proved as satisfactory and much
lower in operating cost — 50 cents per sash. Work will be continued to gain more

essential knowledge of advantage to the grower.

Vegetable Variety Trials. (P. W. Dempsey.) Over fifty .strains of sweet

corn were planted on two different dates. The outstanding feature in this year's

trials was the number of new strains of Early Golden Market, introduced some

seven years ago by Gill Brothers of Portland, Oregon, appearing under different

names — Early Sensation, Yellow Sensation, Extra Early Yellow, Golden Hum-
mer, Extra Early Golden, and others. These strains are certain to become popu-

lar since they all mature before Bantam and bear a large ear of Bantam quality.

Golden Sunshine is but little different in general characteristics and is constantly

gaining in popularity. In later-maturing varieties there is considerable interest

in "Top-Crossed" and "Inbred" strains of sweet corn. The strains mature a heavy

crop of excellent-quality ears of even size, and are of particular value for the

cannery.

Forty-four strains and varieties of beets were seeded in two plantings. More
attention is being paid to inside color of the root than formerly. Ohio Canner is a

variety showing promise for a particular trade. It is rather small in size, of

excellent quality, very dark in color, and matures evenly.

Eighty strains and varieties of tomatoes were planted, half of the plants of each

strain being staked and half grown flat. The new variety, Pritchard, introduced

by the United States Department of Agriculture, did not show up as well as ex-
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pected. Seventy-five per cent of the staked plants of this variety were deter-

minate, some producing only one cluster of fruit, and others ranging from two to

four clustere. (irown flat, the growth was normal. Fruit was of good size and

quality, but a large proportion showed an objectionable yellow under-color similar

to that of Break O'Day. There is always much interest in our tomato trials on

the part of all growers who visit the Field Station. Peculiar as it may seem, there

is no variety which is outstanding year after year; therefore, it is difficult to make

definite variety or strain recommendations to growers. Seasonal conditions aft'ect

the growth of tomatoes considerably.

Beans were included in the trials this year on account of the many new variety

names found in the seed catalogues. There is a distinct trend in popularity

toward the more extensive use of the round-podded varieties. Although the

flat podded varieties Bountiful (green pod) and Sure Crop (wax) are still the

most popular, there is more interest than ever in Pencil Pod Wax and the new

round pod varieties Tendergreen and Stringless Black Valentine.

Twenty celery varieties made an exceptionally good growth in spite of the

abnormally dry season. New variety names appearing this year in our trials

were Golden Phenomenal, Golden Detroit, Utah Golden Crisp, Salt Lake, and

Florida Queen. It will be necessary to try all of these again before final judgment

is passed. Up to date, there is no reason for recommending that our growers

make any change from the varieties they are now growing — Pascal for winter

and Golden Plume or Wonderful for summer and fall.

New names appearing on the variety lists of carrots also made it imperative to

conduct a carrot variety test this year. Perfection, Pride of Denmark, and

Imperator are very similar in type to the Coreless although much larger. All are

uneven in size and type. Both favorable and unfavorable comments have been

received from growers on all these varieties, so it is recommended that a grower

determine just how each one performs unfler his conditions before planting any

quantity. The new Red Cored Chantenay is certainly a big improvement

in quality and the type is exceptionally uniform. Tendersweet, apparently a

strain of Red Intermediate, is a carrot of exceptional quality and similar in color

to the Red Cored Chantenay. Many local market gardeners are now using the

Hutchinson variety for bunching, in place of the C^hantenay and Danvers varieties

formerly used for this purpose.

COOPERATIVE CRANBERRY INVESTIGATIONS

Conducted by the Bureau of Plant Industry, United States Department

of Agriculture, in cooperation with the Massachusetts Agricultural

Experiment Station. H. F. Bergman, Senior Pathologist, U.S.D.A., in

Charge.

Development of Strains of Cranberry Resistant to False Blossom.

(H. F. Bergman, W. E. Truran, and Jos. L. Kelley.) Reciprocal crosses between

Early Blacks and McFariins were made in July 1932. The crosses of F:arly Black

by McFarlin were unsuccessful. The reciprocal cross of McFarlin by Early Black

yielded a considerable number of fruits which matured normally. In order to

determine the possible existence of resistant strains within single varieties, a

number of flowers of the varieties Early Black, McFarlin, and Howes were self-

pollinated. No fruits were obtained from selfetl flowers of Early Black, but

fruits were obtained from both the other varieties.



ANNUAL REPORT, 1932 61

During September some fifty selections of wild cranberries were made in Maine.

These selected wild vines were taken to P3ast Wareham where they are being hekl

over winter to be propagated in 1933. Several of the selected wild vines show

very desirable vine and fruit characteristics.

Oxygen Content of Flooding Water in Relation to Injury to Cranberry

Vines. (H. F. Bergman and \V. E. Truran.) Some experiments to determine

the efTect of absence of oxygen in winter-flooding water on the development of

terminal and fruiting buds during the following growing season failed because

of unfavorable weather conditions. Several hundred buds of Early Blacks and

Howes on the State Bog were tagged and their development was followed through

the season. Large terminal buds tended to produce more fruits than either medium

or small terminal buds. This tendency was more evident in Howes than in Early

Blacks.

Regeneration of False Blossom Bogs. (H. F. Bergman and Jos. L. Kelley.)

In cooperation with growers, two areas of bog badly infested with false blossom

were sprayed in July with commercial weed killer (probably sodium arsenite)

diluted 1:30 and applied at the rate of 600 to 800 gallons per acre. This treat-

ment appears to be very satisfactory.

June Flooding for Fireworm Control. (H. F. Bergman, W. E. Truran,

and Jos. L. Keiley.) Severe injury to flower buds ami growing tips, due to low

oxygen content in the flooding water, was observed in one bog during the flooding

period for fireworm control. The lowest oxygen content found was 1.9 cc. per

liter. Firewornis were apparently completely killed. No injury was observed

on two other bogs. From experiments it appears that firewornis can be killed

by submergence for 12 hours in water at a temperature of 15° to 20° ("., and an

oxygen content of less than 4 cc. per liter. An oxj'gen content of less than 1.0 cc.

per liter for 5 to 6 hours causes injury to flower buds and growing tips.

June Flooding for Leafhopper Control. (H. F. Bergman and W. E. Tru-

ran.) Flooding for 16 to 18 hours killed about 75 per cent of the leafhoppers on

one bog. The oxygen content of the water tlid not fall below 3.5 cc. per liter.

No bud injury was observed. Flooding for 12 to 15 hours, on another bog, killed

only about 50 per cent of the leafhoppers. The lowest oxygen values here were

3.5 to 4.0 cc. per liter.

Investigations on the Effect of Copper Residues from Bordeaux Spray

on the Growth of Cranberry Vines. (H. F. Bergman and W. E. Truran.)

The greatest amount of copper, which varies from 150 to 200 milligrams per kilo-

gram of dry soil, is found in heavily sprayed bogs with a peat substratum. There

is much less copper in soils of very wet bogs and of those with a sand substratum.

The amount of copper in vines varies from 50 to 100 milligrams per kilogram of

dry vines. The leaves ordinarily contain one and one-half to two times as much
copper as the stems, for the same weight of material. In one experiment copper

sulfate was applied directly to the soil in amounts equivalent to 800, 1200, 1600,

and 2400 pounds per acre, without injury to the \ines and with no apparent

reduction in yield.

Spraying Experiments with Bordeaux and Organic Mercurial Sprays.

(H. F. Bergman, W. E. Truran, and Jos. L. Kelley.) Spray plots were located

on four separate bogs. Bordeaux made up by the 4-4-50 formula, with chemically

hydrated lime, and applied at the rate of 350 to 400 gallons per acre was used on

all bogs. Two organic mercurial sprays were used on one bog. The reduction
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in the amount of rot showed a direct relation to the number of applications of the

spray. The two mercurial sprays used gave as good control of fungous rots as

the Bordeaux.

Storage Test of Cranberries. (H. F. Bergman, W. E. Truran, and Jos. L.

Keiley.) Berries were stored in the basement of the State Bog building, at air

temperature, which on November 1 was about 15° C, and later dropped to about
5° C. Cranberries from sprayed plots showed less loss from fungous rots than

those from unsprayed plots. In the berries from two of the bogs this difference

did not become apparent until about January.

COOPERATIVE TOBACCO INVESTIGATIONS

Conducted by the Bureau of Plant Industry, United States Department

of Agriculture, in Cooperation with the Massachusetts Agricultural

Experiment Station.

C. V. Kightlinger, U. S. D. A., in Charge

Black Root -Rot. (C. V. Kightlinger.) In continuation experiments numer-

ous strains of Havana Seed tobacco were grown in the field during 1931 in a further

attempt to find strains that will be satisfactory under Connecticut Valley condi-

tions for resistance to black root-rot, type of plant, type and quality of leaf, and

producing capacity. One strain was Havana Seed of the sort that is grown more

commonly in the Connecticut Valley, known to be susceptible to black root-rot,

but acceptable for type of plant and type and quality of leaf. This strain was

used as a standard of comparison for types. One strain was Havana Seed 142A3,

known to be satisfactorily resistant to black root-rot, and was used as a standard

of comparison for resistance. Of the new strains being tested, eight had been

grown in 1930, and seven were grown for the first time in 1931. These strains

were all grown on land which in one case was free or nearly free of Thielavia

basicola, and in another case was heavily infested with Thielavia basicola. Of the

fifteen new strains tested in 1931 under these circumstances, eight were selected

as apparently deserving further testing.

The production of these eight strains when grown on soil free or nearly free

of Thielavia basicola, was as follows:
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Yields per
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281 Experiments with Permaticnt Pastures. A. R. Reauniont. .^6 pp. illus.

April, 1032.

A large proportion of the farm laud of Massachusetts consists of stony uplands more suitable

for permanent pastures than for tilled crops. The improvement of pastures by top-dressing

with fertilizers offers attractive possibilities; and the fact that large areas have already re-

verted to forest shows what must happen to existing pastures if fertilizer is not applied, or

if the price of milk is too low to make such application profitable. A pasture which is weedy
or run-down because of a lack of plant food can be brought back to productive condition

only by the use of plant food. On the basis of the experiments reported, it is recommended
that 1 ton of ground limestone (or its equivalent in hydrated lime) be applied every 6 years;

480 pounds of 16 per cent superphosphate and 160 pounds of muriate of potash, every 3

years; and 160 pounds of nitrate of soda, annually. At prices prevailing early in 1932, this

treatment can be made by an annual investment of S5 to $10 an acre and it is believed will

yield a fair return under Massachusetts conditions.

282 Relation Between Egg Quality and Price. Adrian H. Lindsey and Hubert

\Y. Yount. 22 pp. May, 1932.

In order that the poultryman may feel justified in placing special emphasis on the quality

of eggs and secure in making the extra expenditure involved in producing a higher grade

product, he should have some assurance that quality values are recognized by the consumer.

The most definite and significant relationship discovered from this analysis is that prices

are directly related to weight under all conditions. That weight is a significant factor is not

new, but it has not been known that weight is more important at one season of the year than

another and that the premiums which are paid for weight are fairly definite. If premiums

are known, it will be possible to determine by further research whether the production of

large eggs is profitable.

283 Downy Mildew of Cucumbers. William L. Doran. 22 pp. May, 1932.

Downy mildew is a common and important disea.se of cucumbers in Massachusetts as well

as in most of the eastern and southern states. The investigation included the source of pri-

mary infection, the effect of climatic factors, and the prevention of infection by the use of

fungicides. All available evidence indicates that the fungus probably reaches Massachusetts

from states farther south after a gradual northern movement by the aid of wind. Two to three

hours on a leaf wet with rain or dew is enough for the germination of most of the conidia of

this fungus, and five hours is sufficient to produce infection of leaves. In both field and
greenhouse, copper fungicides are to be preferred to sulfur for the control of downy mildew.

In Massachusetts the first application of a copper fungicide should be made, in the field,

about July 2.5, and later applications should be made at weekly intervals. Bordeaux mixture

3:3:50 is a sufficient concentration for use in the field. Bordeaux 1 :1 :50 prevented infection

of greenhouse cucumbers, and this is the concentration recommended for use in greenhouses.

284 Questions and Answers Concerning Pullorum Disease. H. Van Roekel.

23 pp. illus. May, 1932.

The purpose of this bulletin is to make available for the Massachusetts poultry industry

information which will aid the poultrymen to improve their methods of establishing and
maintaining pullorum disease-free flocks. The subjects covered are history and distribu-

tion of the disease, its nature and dissemination, control and eradication, including .sanitary

measures recommended.

285 The Relation of Temperature to the Activity and Control of the Plum
Curculio in Apples. W. D. Whitcomb. 16 pp. illus. June, 1932.

The plum curculio frequently does more damage to apples in Massachusetts than all other

insects together. As a result of the heavy lo.ss to fruit growers, studies of the factors which

influence the activity of this insect were conducted at Waltham. Early in the work temper-

ature was found to play an important part in the problem of control, and the more recent

studies have centered around this factor. Recommendations for Massachusetts, based

on these studies, are: .^fter the blossom petals have fallen, apply a special spray or dust in

the first period of warm weather when the maximum temperature reaches 75 F. or higher

and such temperatures promise to continue for 2 or more successive' days. Use 4 or 5

pounds of lead arsenate in 100 gallons of spray, preferably with the addition of 1 pint of fish

oil or linseed oil as a spreader or sticker. Except in severe infestations, 85-15 sulfur-lead ar-

senate dust can be substituted for the spray. When there are two distinct periods of high

temperature within 15 days after the proper time for the calyx spray, apply a spray or dust

in each period, using the same materials, and determining the time of application by the

same temperature retiuirements as before. On scab susceptible varieties, or where the addi-

tion of a fungicide is desirable for any reason, liquid lime-sulfur or a similar material can
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be added to the spray without danger of greatly decreasing the efficiency of the mixture for

combating the plum curcuHo.

286 Types of Intensity in Rhode Island Reds. F. A. Mays and Ruby Sanborn.

11pp. June, 1932.

Intensity or rate of laying is one of the very important inherited characters affecting

annual egg production in poultry. Various methods have been used for measuring intensity,

and there is an increasing need for more information concerning the relative merits of the

different measures as well as for definite data concerning the relation of intensity to other

traits affecting fecundity. Interrelations between the rate of laying in three different

seasons and the relative values of six short-time measures of intensity are considered in this

report. It was found that the most significant short-time measure of intensity is spring

clutch size, but no short-time measure of intensity is as accurate as the mean clutch size for

the entire year.

287 Frozen Fruits and Their Utilization in Frozen Dairy Products. M. J.

Mack and C. R. Fellers. 28 pp. illus. July, 1932.

The frozen-pack method is used annually to preserve large quantities of fruit, much of

which is later used for flavoring ice cream. Fruits used for this purpose have a very pro-

nounced influence on the quality of the final product, but very little is known regarding the

most satisfactory ways of processing fruit for utilization in frozen dairy products. The
plan of the investigation was to prepare experimental packs of the fruits in one-gallon cans,

freeze these under known conditions, store for approximately one year, thaw, examine

carefully, and finally use the fruit in the manufacture of fruit ice creams, sherbets, and ices.

The greater part of the study was with strawberries, but raspberries, peaches, cherries, and

a few other varieties of minor importance were included.

288 The Relation of Feather Pigmentation to Intensity of Laying in Rhode
Island Reds. F. A. Hays. 8 pp. October, 1932.

Deep rich plumage color and high winter laying intensity in Rhode Island Reds are de-

sirable characters which can be influenced by breeding. This investigation was undertaken

to determine to what extent both of these characters can be developed simultaneously by the

breeder. It would seem to be a laborious process to establish uniform deep pigmentation

and high intensity in a flock, but a medium shade of red should be maintained without diffi-

culty.

289 Hereditary and Environmental Factors Affecting Variability in Egg Pro-

duction. F. A. Hays. 12 pp. illus. December, 1932.

It is a well-known fact that both hereditary and environmental factors affect the number
of eggs laid by a hen. Evidence is not conclusive on many points, however, and experi-

mental data have not been reported to furnish information concerning the quantitative

variation of specific fecundity traits from generation to generation. There is at present

an outstanding need of a clear-cut distinction between the effects on fecundity of heritage

and environment. Such a problem offers many difficulties, the most outstanding of which

is the lack of any measure of fecundity in males. This report concerns itself with results

obtained in carrying three lines of birds through four generations. Consideration is given

to variability in five inherited fecundity characters: sexual maturity, intensity, winter pause

duration, total days broody, and persistency. Variability in winter and annual egg records

is also recorded. Such environmental influences as hatching date, increase or decrease in

body weight, and daily house temperature are considered in relation to egg production and
the relative importance of each is discussed.

290 The Story of Field A of the Massachusetts Agricultural Experiment Station :

A Review of Experiments with Nitrogen Fertilizers. Fred W. Morse. 23

pp. illus. November, 1932.

The year 1932 marks the fiftieth anniversary of the formal organization of agricultural

research at Massachusetts State College. It was in November, 1882, that the Experiment

Station was established, and field plot experiments begun the next year represent some of

the first activities. It seems fitting, therefore, after this fifty-year period, that results from

this work be compiled and recorded in permanent form. Field A was laid out in 1883 on
"run out" hay land and included eleven plots of one-tenth acre each. Seven successive

crops of corn were grown from 1883 to 1889, to study the effects of different forms and kinds

of plant food. The earlier harvests showed potash to be the most needed fertilizer; the

later ones indicated that a complete fertilizer had become necessary. Four standard types

of nitrogen fertilizers — nitrate of soda, sulfate of ammonia, dried blood or fish or cyanamid,

and stable manure — were compared in 1889, and the comparison was continued with minor
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changes until 1921. A variety of crops was grown, and tables show results obtained with

oats, soy beans, potatoes, hay, corn, and miscellaneous crops. The value of Field A to

agriculture is its history of the diversity of results. Back of any subsequent work upon

it are authentic records of each plot, of which no similar records were to be had when the

field was laid out.

291 Two Systems of Feeding Dairy Cows: High Roughage and Low Grain

versus Low Roughage and High Grain. J. B. Lindsey and J. G. Archibald.

IS pp. December, 1932.

The amount of grain to be fed to cows is a question of perennial interest to farmers, par-

ticularly in a state like Massachusetts where grain is bought outright, while roughage is

grown at home. Though much has been written on the subject, it has been largely opinion

unsupported by experimental evidence. This bulletin reports the results of a long-time

experiment (October 1, 1928 to March 31, 1932) conducted at this station. Viewing the

results as a whole, the low roughage group of cows had a rather better record. They looked

thriftier, put on more flesh, milked more freely, maintained their production better from

year to year, maintained their average test better, and were more nearly mormal in their

reproductive function. It was evident that cows will not produce to the limit of their ability

on a high roughage system of feeding. Which method of feeding will produce milk more

economically, however, depends very largely on local conditions as to production and mar-

kets, and in a large measure is a problem to be solved by the individual farmer.

292 Carbon Disulfide Emulsion for the Control of the Root-Knot Nematode.

E. F. Guba. 16 pp. illus. December, 1932.

Many greenhouse establishments lack the necessary means for sterilizing soil with steam

or hot water. Even where these methods are practiced with successful results, they are

laborious and slow and require expensive equipment. Experiments have been conducted

which show that the use of carbon disulfide emulsion as a soil drench in greenhouses can

be relied upon to greatly reduce the root-knot nematode as a factor causing crop loss, at

a cost of approximately $0,009 per square foot for chemicals. Carbon disulfide emulsion is

compatible with formaldehyde. A stock emulsion containing 68 per cent carbon disulfide,

26 per cent water, and 6 per cent rosin-fish-oil soap in a 1 :50 concentration for control-

ling the root-knot nematode, with the addition of 2/3 gallon of formaldehyde if soil-

inhabiting fungi are a factor, is effective. The addition of formaldehyde adds about $0,007

per square foot to the cost of the treatment.

Control Bulletins

62 Seed Inspection. F. A. McLaughlin and Margaret E. Nagle. 47 pp. Feb-

ruary, 1932.

63 Twelfth Annual Report on Eradication of PuUorum Disease in Massachusetts.

H. Van Roekel, K. L. Bullis, O. S. Flint and Miriam K. Clarke. 80 pp.

September, 1932.

64 Inspection of Commercial Feedstuffs. Philip H. Smith. 48 pp. September,

1932.

65 Inspection of Commercial Fertilizers. H. D. Haskins. 50 pp. October,

1932.

66 Inspection of Agricultural Lime Products. H. D. Haskins. 8 pp. Decem-

ber, 1932.

Meteorological Reports

517 - 528, inclusive. Monthly reports giving daily weather records, together

w^ith monthly and annual summaries. C. I. Gunness. 4 pp. each.

Reports of Investigation in Journals

(Numbered Contributions)

121 Putting First Things First in Agronomy. F. J. Sievers. Jour. Amer. Soc.

Agron. 24:29-32. January, 1932.

122 The Effect of Environment on the Nematode of the Tomato Gall. Linus

H. Jones. Jour. Agr. Research 44:275-285. February 1, 1932.
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125 An Ataxia of Chicks Associated with Nephritis. (
".!en L. Dimlap. Jour.

Anier. Vet. Med. Assoc. 80 (N. S. 3^) : 880-885. June, 1932.

126 Acetic Acid and Pyroligneous Acid as Soil Disinfectants. William I..

Doran. Jour. Agr. Research 44:571-578. April 1, 1932.

127 Stomatal .•\pparatus of the Cultivated Cranberry, Vaccinium Macrocur-

pon. Wm. H. Sawyer, Jr. Amer. Jour. Bot. 19:508-513. June, 1932.

128 A New Jelly-Strength Tester. C. R. Fellers and J. A. Clague. Indus, and

Engin. Chem., .Analyt. Ed. 4:106. January 15, 1932.

129 The Significance of Differences in Means in Repetition Experiments. F. .\.

Hays. Poul. Sci. 11:14-17. January, 1032.

130 A Three-Year Study of the Chemical Composition of Oass from Plots

Fertilized and Grazed Intensively. J. G. Archibald, P. R. Nelson and E.

Bennett. Jour. Agr. Research 45:627-640. November 15, 1932.

131 Susceptibility of Chickens to Brucelliasis. H. Van Roekel and others.

Jour. Amer. Vet. Med. Assoc. 80 (N. S. 33): 641-642. April, 1932.

132 The Mineral Composition of Dates. M. M. Cleveland and C. R. Fellers.

Indus, and Engin. Chem., Analyt. Ed. 4:267. July 15, 1932.

133 Rapid Centrifugal Method for Pectic Acid Determination. C. R. Fellers

and C. C. Rice. Indus, and Engin. Chem., Analyt. Ed. 4:268. July 15,

1932.

134 The Influence of Temperature on the Nitrate Content of Soil in the Presence

of Decomposing Cellulose. James E. Fuller and Linus H. Jones. Soil

Sci. 34:337-350. November, 1932.

135 Early and Late Feathering in Rhode Island Reds. F. A. Hays. Amer.

Nat. 66:286-287. May-June, 1932.

136 Public Health Aspects of Frozen Foods. Carl R. Fellers. Amer. Jour. Pub.

Health 22:601-611. June, 1932.

137 Monograph of the Genus Pestalotia. Part II. E. F. Guba. Mycologia

24: 355-397. July-August, 1932.

139 Chronic Carriers of Infectious Laryngotracheitis. Charles S. Gibbs. Jour.

Amer. Vet. Med. Assoc. 81: (N. S. .34): 651-654. November, 1932.

144 Vitamin C in Canned Citrus Products. Carl R. Fellers and Paul D. Isham.

Jour. Home Econ. 24:827-832. September, 1932.

146 Recent Developments in Ice Cream Manufacture. M. J. Mack. Food

Industries. August, 1932.

Other Contributions to Journals

(Unnumbered)

A Demonstration of Basal Growth. C. J. Ciilgut and Linus H. Jones. Both

Gaz. 94:221. September, 1932.

Twig Scab and Spray Injury. E. F. Guba. Mass. Fruit Growers' Assoc. Rpt.

38:149-153. 1932.

Forcing Gladiolus with the Aid of Artificial Light. Linus H. Jones. N. E.

Gladiolus Soc. Yearbook 1932:123.

New Theories About Flower Pots. Linus H. Jones. Horticulture 10:50. Feb-

ruary 1, 1932.

Aeration of Soil in Plant Containers. Linus H. Jones. Florists' E.xch. 79 (11):39.

March 12, 1932.

Why House Plants Die in Dry Modern Homes. Linus H. Jones. New York.

Times. Sunday, Science, April 10, 1932:5.

For More and Better Hyacinths in the Home. Linus H. Jones, florists' E.xch.

79 (18) :9. April 30, 1932.
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I'lower I'ots for the Public. Linus H. Jones. P'lorists' P2xch. 79 (25):29. June
IS, V)M.

Cement Flo\\er Pots. Linus H. Jones. Morists' Exch. 80 (2V.0. July 9, 1932.

Summary of Orchard Pests in 193L A. L Bourne. Mass. Fruit Growers'

Assoc. Rpt. 1932.

Control Studies of Apple Maggot in 1931. A. I. Bourne and W. H. Thies. Mass.

Fruit Growers' Assoc. Rpt. 1932.

Spray Materials and the Residue Problem. (). ('. Roberts and .A. L Bourne.

Mass. Fruit Growers' Assoc. Rpt. 1932.

Gladiolus Thrips. \V. D. Whitcomb. N. E. Gladiolus .Soc. Yearbook 1932.

A Good Dusting Machine for Nurseries. \V. D. Whitcomb. Natl. Nurseryman

Vol. 40, No. 2, 1932.

Relation of Temperature to the Activity of the Plum Curculio. W. D. Whit-

comb. Mass. F>uit Growers' Assoc. Rpt. 1932.

Study of Labor Saving Methods and Technique on Vegetable Farms in Massa-

chusetts. R. H. Barrett. Jour. Farm Econ. Vol. 14, No. 2. April, 1932.

To Account for the Variations in the Amount of Labor Used in Performing Hand
Work on Vegetable Farms. R. L. Mighell. Soc. Sci. Research Council Bui.

13. June, 1932.

Training Men for the Food Lidustries. C. R. Fellers. Refrigerated Food News
2 (10):l-4. June, 1932.

Souring of Dates by Yeasts. C. R. Fellers and J. A. Clague. Jour. Bact. 23:63.

January, 1932.

And Now Comes Canned Rat Bait% E. M. Mills and C. R. Fellers. Canning

Age 13:200, 220. March, 1932.

Canned Cranberry Sauce. C. R. Fellers. Canner 75 (4):7-10. July 9, 1932.

A Plan for the Eradication and Control of Infectious Laryngotracheitis. C. S.

Gibbs. Poul. Sci. 11 (6): 360-361. November, 1932.
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RECREATIONAL AND FORESTRY USES OF LAND
IN MASSACHUSETTS

By David Roztnan, Assistant Research Professor of Agricultural Economics

INTRODUCTION

One of the most important developments facing Massachusetts is the rapidly

changing conditions of land utilization shown by the decline in the amount of land

in farms according to the Federal Census. The withdrawal from farming of large

land areas creates in different agricultural communities a set of problems which

can not be fully understood or dealt with without better information and analysis

of the effect produced by new trends in land utilization. The study of part-

time farming brought out the fact that much of the land in the State previously

held by regular farmers is now operated by part-time farmers. Further indications

are that much of the land withdrawn from agriculture is being devoted to recrea-

tional and forestry uses. The latter begin to rise into greater and greater promi-

nence in the general scheme of land utilization in the State. Considerable areas

of forest land are being acquired by public and semi-public bodies, and land for

recreational purposes, especially for playgrounds and summer homes, is being

taken up by the people living in the cities.

With these factors in mind it is intended :

1. To trace the changes in agricultural land ulilizalion during the last few

decades.

2. To ascertain the new uses of land taken out of agriculture with a special

consideration of land used for recreational and forestry purposes.

3. To analyze the effect of recreational and forestry uses of land on agriculture

in Massachusetts towns.

4. To devise land policies consistent with both the interests of agriculture

and the best methods of utilization of land resources in the State.

Changes in Farm Land Utilization in Massachusetts

According to the United States Census of Agriculture the total amount of farm

land in Massachusetts has been steadily declining during the last few decades,

registering a drop from 3,360,000 acres in 1880 to a little over 2,000,000

acres in 1930. (Chart 1) The loss of almost 1,360,000 acres during this 50-year

period was accompanied by a decrease in the total number of farms from 35,406

to 25,599. (Chart 2) Of much greater significance, however, is the change in

the improved acreage. Not only has the total amount of land in farms declined,

but a great decline has taken placealsoin the a mount of farmland under cultivation.

The improved acreage on farms in 1930 was only 725,739 acres, or a little over

one-third of what it was in 1880. At the present time there are in the State 118

towns, or about one-third of the total number, with less than 25 per cent of their

total area in farms. In 62 towns the average value of farm land is below $25 per

acre, and in 34 towns below $15 per acre. To this should be added the fact that

128 towns have less than 40 per cent of their farm area in improved land, and 54

towns less than 25 per cent.

^Rozman, D. Part-Time Farming in Massacliusetts. Mass. Agr. E.xp. Sta. Bui. 266. 1930.
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THOUSANDS

1880 1890 1900 1910 1920 1930

Chart 2. — Number of Farms in Massachusetts, 1880-19.J1.

Non-Resident Ownership

The immediate result of the withdrawal of this large acreage from farming is the

ownership by non-residents of a considerable portion of land in many agricultural

communities. To determine the amount of land so owned has been possible through

the assessors' records, as Massachusetts towns are required bylaw to furnish to the

commissioner of taxation every three years a complete record of landholdings with

their valuation and taxes. F"rom the information supplied by the assessors in

1928 a record was taken of the area, valuation and taxes on the land owned by

non-residents in every fourth town, arranged alphabetically, with a population

below 10,000. On this basis the data on resident and non-resident ownership were

obtained for 71 towns, which, closely checked, proved to be a representative sample

for all the towns in this group.

In a number of towns the general state of the utilization of land owned by non-

residents and the significance of this land area for local agriculture was ascertained

through personal interviews with town clerks, assessors, and other town people

familiar with local conditions. In 5 towns situated in different sections of the

State detailed information was obtained through the same means as to the utiliza

tion of every piece of land owned by non-residents.

In addition, with the cooperation of a real estate agency operating in Berkshire

County, it was possible to obtain a record of changes in valuation and land utiliza-

tion of 50 farms which have been sold since 1925. The analysis of the data on

valuation of recreational property secured by the State Industrial Commission also

proved to be helpful in ascertaining the significance of recreational development in

the utilization of land resources.



UTILIZATION OF LAND

Table L Percentage of Town Acreage in Non-Resident Ownership.

Percentage of
Non-Resident

Town Ownership

Bridgewater 12.5

Winchendon 15.4
Gill 15.9
Stonehara 16.6

Millbury 16.7

Oak Bluffs 16.8

Colrain 16.9

Concord 16.9

Dudley 17.5

Templeton 17.6

Westboro 18.0

Townsend 18.5

Spencer 18.7

Merrimac 20.2
Harvard 20.3

Seekonk 20.5
E. Bridgewater 21.0
Lincoln 21.1

Canton 21.7

Wilbraham 22.5

Dighton 22.6
N. Andover 22.7

Pcpperell 2.^.4

Morthfield 24.0
Berlin 24.0

Brookfield 24.2
Williamsburg 24.3
Millis 24.4
Holbrook 2t.5

Harwich .'4 6

Greenwich 24.7
Whately 24.8
Weston 25.1

N. Brookfield 25.3
Marshfield 26.0

Percentage of
Non-Resident

Town Ownership

Ashfield 26.6
Chatham 27.8
Dalton 29.4
Southampton 29.6
Ipswich 29.9

Hingham 30.2
Norton 30.4
Montgomery 31.1
Ashland 31.8
Boxboro 31.8

Lancaster 33.2
Chester 34.9
Middlefield 35.2
Ashburnham 36.3
Rutland 37.0

Esse.K 37.6
Scituate 37.8
Alford 39.3
Cummington 40.2
New Marlboro 41.2

Petersham 42.2
Sandwich 42.9
Svvampfcott 43.3
Lenox 43.4
Chilmark 44.4

Leyden 44.5
Sandisfield 44.9
Hancock 49.1

Tvringham 49.5
Pembroke 52.2

Windsor 55.7
Wellesley 57.4
Holland 66.3
Randolph 68.0
Shutesbury 70.7
Holliston 88.1

The Extent of Non-Resident Land Ownership in Agricultural

Communities in Massachusetts

The percentage of town acreage owned by non-residents in each of the 71 towns

included in this study is shown in Table 1. Of the total of 944,449 acres assessed

in 1928 in these towns, 35.7 per cent (337,635 acres) is owned by non-residents.

The term "non-resident ownership" is applied here in a broad sense, including both

out-of-State residents and those residing in various other sections of the State.

It includes also owners residing in neighboring towns with a part of their land sit-

uated across the border line. As disclosed by the study of individual towns,

however, this factor would account for less than one-tenth of the area owned by

non-residents.

Table 2. — Proportion of Land Owned by Non-Residents in 71

Massachusetts Towns
Per

Acres cent

Total assessed area 944,449

Area owned by non-residents 337,635

Per cent of assessed area 35.7

Land owned by non-residents, equipped with buildings 189,622

Per cent of total non-resident area 56.2
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After allowing for this land owned by the residents of neighboring communities,

it will still be found that about one-third of the land in the agricultural communi-

ties of Massachusetts is owned by non-residents. The significance of it appears

in the fact that in 1920 only 12 per cent of all the farms in Massachusetts were

operated by tenants and managers. This condition would indicate, therefore,

that the major part of the land owned by non-residents is now used for purposes

other than farming, — a conclusion which is further substantiated by the fact that

about one-half of the land owned by non-residents is not equipped with any build-

ings at all.

The distribution of percentages of assessed land area owned by non-residents

in various towns is shown in Table 3. In more than half of the towns below

10,000 population over 25 per cent of the area is owned by non-residents and in

about 10 per cent of the towns non-residents own over one-half of the area. In a

few cases, especially in the towns situated on the coast, non-resident ownership

is due to a highly developed recreational utilization of the land, but in the majority

of cases it is associated with idle land, mostly of a quality too poor for agricultural

purposes.

Table 3. — Distribution of 71 Towns by Percentage of Total Town Area
IN Non-Resident Ownership

Percentage of
Town Area
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Proportion of Land in Farms

In Chart 3 the percentage of assessed town acreage owned by non-residents is

plotted on the curve in ascending succession, beginning with the lowest figure, and

is compared with the curve representing the percentages of acreage in farms for

the same towns grouped in 10-town averages. From observation of this curve it

will be noticed that there is a tendency, although not entirely regular, for the

percentage of land owned by non-residents to be higher where the proportion of

land in farms is lower. The numerical e.x:pression of this tendency will be found in

the fact that the half of the towns with the lowest percentage of assessed land

owned by non-residents has 53.1 per cent of the area in farms, while the upper

half has only 45.6 per cent. The fact that a high degree of non-resident land

ownership is associated with a small proportion of land in farms in individual

towns provides a basis for judgment as to where this type of ownership is the

most prevalent. In the towns where the recreational uses of land are insignificant,

non-resident land ownership was found to have been caused almost invariably by

the withdrawal of large areas of land from agriculture.

PERCENTAGE.

IOC

75

25
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Chart 4. — Percentage of Farm Area In Improved Land as Compared with Percentage of

Acreage Owned by Non-Residents, 71 Massachusetts Towns.

farms. Due to unprofitableness of operation, the individual producer is likely

to contract his agricultural activities on the poor land and concentrate on the

utilization of that section of his farm which contains the best land, with possible

changes in the type of farming. A greater portion of the farm is utilized for graz-

ing and then gradually allowed to grow into brush and woods. The presence of a

large area of this land in individual farms is a common indication that agriculture,

at least in its previous set-up, has become unprofitable in a particular community

and that the land is ready either to be abandoned or tc be converted to some other

use.

Table 4. -
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PERCENTAGE DOLLARS

25
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Chart 5. — Value of Farm Land per Acre and Percentage of Acreage Owned by Non-Resi-

dents, 71 Massachusetts Towns.

For this reason in some communities farm land which is poor and is but slightly

cultivated commands a comparatively high price. It can not be expected, there-

fore, that a considerable amount of land held by non-residents for non-agricultural

purposes will be necessarily connected in all towns with a low value of farm land.

The irregularity of this movement is well demonstrated in Chart 5. Where the

land owned by non-residents is merely inferior farm land abandoned by agricul-

ture without immediate prospects of being used for any other purpose, there is a

distinct association between low farm land values and a high percentage of non-

resident land ownership. This condition is especially marked in the interior towns

like Hancock, Windsor, Shutesbury, Holland, and Sandisfield, all of which have

average farm land values below $20 per acre and over 50 per cent of their area

in non-resident ownership. This relationship, however, for the reasons already

indicated, does not hold very well in many other towns, and is rather reversed in

the shore towns and in the thickly populated eastern sections of the State. The

farm land values are here distinctly affected by more profitable land uses, and

large sections of land are being intensively utilized especially for recreational

purposes. In the towns like Holliston, Randolph, Pembroke, Sandwich, Harwich,

Table 5. — Distribution of 71 Towns by Average Value of Land per

Acre in Resident and Non-Resident Ownership

Average
Value of
Land

Below $50

$50— 99.99

100 — 299.99

300 or over

Total

Average value per acre

Non-Resident Ownership Resident Ownership

Number of Per cent
Towns of Total
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and others situated near or on the coast the average farm land values are excep-

tionally high, reaching as high a level as $160 per acre in Harwich on Cape Cod, in

spite of the fact that in most of them one-half or more of the area is in non-

resident ownership.

With the exception of the specific sectionsabove noted there is no definite indica-

tion, however, that high values of land cause the abandonment of farming in large

areas. In about one-half of the 71 towns included in this study, the average value

of land owned by residents was above $50 per acre, while only 38 per cent of the

towns reached this figure in the case of non-resident ownership. Furthermore,

the average value of all land held by non-residents is only $66.15 per acre as com-

pared with $84.48 for the land held by residents, indicating that the land of the

latter in whatever use it may be is of a more valuable quality.

Elevation of Land

Other things being equal the abandonment of farm land in Massachusetts

ordinarily develops in the sections characterized by a predominance of hills and

rough land not well adapted for profitable cultivation by agricultural machinery.

It is therefore natural to find the towns with a higher elevation having a large

portion of their land area taken out of agricultural use. The amount of non-

resident land ownership in these towns indicates the extent to which this process

goes.

An attempt has been made in this study to estimate the average elevation of

Massachusetts towns on the basis of the figures given by the United States Geolog-

ical Survey. The data thus obtained are compared in Chart 6 with percentage

of non-resident land ownership in the same towns. The comparison of the two

curves on the whole upholds the previous statement about the abandoned farm

land. There is a definite tendency toward a higher percentage of non-resident

land ownership in the towns having a higher average elevation. In fact, the half

of the towns with the lowest percentage of non-resident land ownership has an

average elevation of only 487.1 feet as compared with an average elevation of

726.9 for the upper group of towns.

PERCENTAGE.
100

25
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From the analysis of the factors so far presented it appears that non-resident

land ownership tends to develop in the towns with inferior agricultural conditions,

as indicated by the amount of land in farms, percentage of improved land, and

values of farm land. It tends to develop also in the towns with a small amount of

level land.

While the hilly sections of Massachusetts are not very favorable for agricultural

land utilization they are well suited for the development of forests. Many of them

in addition have attractive scenery which will make them more and more desirable

for summer residences and other recreational purposes. It does not seem there-

fore that the development of recreational and forestry uses will conflict here to

any great extent with the farming industry, and in most instances this develop-

ment will offer the best solution of the land utilization problem. Only in the

towns situated close to the large centers and on the coast have the residential and

recreational uses actually encroached upon farming land.

Utilization of Land in Non-Resident Ownership

In order to determine the kind of land utilization on the areas held in non-

resident ownership, detailed information was obtained on each individual property

in 5 towns situated in different sections of the State: New Ashford in Berkshire

County, Paxton and Princeton in Worcester County, Warwick in Franklin County

and Topsfield in Essex County. The condition of these towns as shown in Table

6 varies widely both in percentage of assessed area in non-resident ownership and

in the proportion of town land in farming. In the towns of New Ashford and

Warwick, with three-fourths of their assessed land in non-resident ownership, a

high percentage of this land is in woodland and brush. This condition is character-

istic of most of the inland towns which have suffered a great loss in their farming

area. Part of this abandoned farm land is already being utilized for the develop-

ment of forests, summer homes, and other recreational purposes, but there are

still available large areas for new types of utilization, even assuming that no

more land will be taken out of farming. In a town like Warwick, where a very

small portion of the land is at present in farming and almost four-fifths of the area

owned by non-residents is in brush and woodland, there is considerable room for

this development. Although some of this land is now being taken up for State

Table 6. — Farms, Farm Acreage, and Utilization of Land Owned by

Non-Residents in Five Towns
New

Ashford Paxton Topsfield Princeton Warwick
Number of farms, 1930 16 52 41 71 89

Land in farming, 1930:

Acres 2,891 5,535 4,356 12,036 6.017

Per cent of total area 33.0 58.0 53.2 53.1 25.3

Percentage of assessed acreage

owned by non-residents, 1928 75.5 48.1 25.7 37.1 76.7

Utilization of Land Owned by Non-Residents, by Percentages

Woodland and brush 64.9 14.7 9.9 26.3 79.0

Summer homes 25.7 17.5 16.8 28.2 7.0

Country estates not used for

farming 11.5 45.8 20.4

Commercial 5.2 2.6 1 1.9 2.4

Rented or used for farming. .. . 3.3 15.0 10.0 12.8 10.5

Watersheds 27.7

Borderline farms 9 11.0 5.6 9.9 3.5
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forests, there are in addition good opportunities for part-time farming and summer
homes.

The towns of Topsfield and Princeton, with about one-third of their assessed

area owned by non-residents, represent a more balanced picture of land utilization.

In the first place, the proportion of non-resident land ownership is smaller than

in the first two towns, and in the second place, this area is being utilized more fully.

The waste or idle land covered largely by brush and inferior woods occupies a

comparatively small portion of the total non-resident owned area in these towns,

being only about 10 per cent in Topsfield. One of the reasons is that the latter

town is situated in a more thickly populated section of the State, and its land utili-

zation is affected by both residential and recreational factors. In addition al-

most half of its non-resident owned land is taken up by country estates, while a

considerable portion is devoted to summer homes, and to commercial and indus-

trial uses. Under these conditions, in towns of this type there is no acute problem

of utilizing the idle acres. There has undoubtedly been an encroachment of other

uses of land on agriculture in this town as in many eastern towns of the State

situated near the coast. This is well substantiated by the fact that the average

value of farm land has increased in this town in the five-year period prior to 1930

from $128 to $218 per acre.

In the town of Princeton the utilization of the non-resident owned area is in a

less developed condition. Although almost one-half of it is already taken up by

summer homes and country estates, the proportion of idle land is still rather high.

In the town of Paxton a partial solution of its idle area has been effected through

utilization of a considerable portion of the town land for water-sheds, largely for

the city of Worcester. In addition, much land has been taken up for sum-

mer homes and country estates.

Proportion of Non-Resident Owned Land in Agriculture

The major portion of the non-resident owned land is either idle or is devoted to

uses other than agriculture. Very little of it is used for farming. The town of

Paxton with 15 per cent of this land in agriculture represents the highest figure for

the five towns, while at the other extreme is the town of New Ashford with only

3.3 per cent in agriculture. In addition, allowance should be made for land be-

longing to residents of adjoining towns. In practically all cases this land is a part

of border-line farms whose dwellings are across the town line. In only one of the

five towns the proportion of this land runs to 1 1 per cent of the total in non-resident

ownership, and the five-town average is only about 6 per cent. The country

estates owned by non-residents and occupying in some towns a considerable area

were found to be little utilized for agricultural purposes. There may be a few

saddle horses kept in addition to a cow or two and a small flock of poultry;

perhaps a few vegetables are grown, largely for the needs of the hired man. On

the basis of these figures it is evident that consideration of non-resident owned land

involves uses other thar. agricultural.

Shifting to Recreational Uses of Land as Demonstrated by the Berkshire

Farms

From the analysis of land utilization of non-resident property in the individual

towns it appears that much of this land is already dedicated to recreational uses.

The latter include not only the land in summer homes and various playgrounds,

but also the country estates where little or no farming is practiced. In towns like
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Topsfield and Princeton these uses are already responsible for the utilization cf

about 50 per cent of the non-resident area. However, there are a number of com-

munities in the State with conditions similar to the town of Warwick, where only

7 per cent of this land is taken up for recreational uses, and where there is a pos-

sibility of further development for recreation and forestry land without drawing

upon the area now in farming.

In a number of these towns with a considerable portion of the land area dropped

out of agricultural use, it is becoming an exceedingly difficult problem to maintain

the schools, roads and other local institutions out of local taxes. The amount of

taxes collected on the land which is idle and without any improvements on it is of

necessity limited. Although it has been found in the process of investigation that

abandoned land owned by non-residents is generally ta.ved higher than land of

equivalent quality still in farms, the absence of improvements on this land leads

to a smaller total valuation.

Where poor quality farm land is being bought with the intention of utilizing it

for some other purpose it eventually brings benefit to the agricultural community

and the remaining farm population. This condition is well demonstrated by the

record of 50 farms in Berkshire County which changed hands between 1925 and

1930. As will be seen from Table 7, over one-half of the land sold with these farms

went into recreational and residential uses. (Inasmuch as this represents only a

specific group of transactions, the percentage for all farms sold in this county

will not necessarily be as high.) The erection of new buildings and other improve-

ments which accompanied the bringing of land into these new uses resulted in

increasing the valuation and the amount of collected taxes. Although the ad-

dition of new values through improvements has been effected on all former farms

after the change of ownership, those sold for recreational and residential purposes

have benefited to the greatest extent. This additional basis for taxation enables

many towns to obtain a greater income without imposing any new burdens on the

farming population.

Table 7. — Changes in Value and Land LItilization of Fifty Farms Sold

IN Berkshire County in the Period from 1925 to 1930.

Increase

Purpose Sold For Farms Sold Acres Selling Present in Value

Number Percent Number Percent Value Value Percent

Farming 17 34.0 2,550 41.6 $106,100 $124,600 17.4

Recreational and residential

uses 30 60.0 3,225 52.5 123,000 231.400 88.1

Country estates 3 6.0 360 5.9 20,900 35,000 67.5

Total 50 100.0 6,135 100.0 $250,000 $391,000 56.4

Out of a total of 50 Berkshire farms investigated, 39 were sold because of retire-

ment, death, or unprofitableness of operation. From this evidence there is no basis

for concluding that the sale of farms was due to any considerable extent to com-

petition for land between farming and other uses. Most likely much of the land

taken up for recreational and other uses would merely have been added to tne

abandoned areas already present in difterent communities.

One adverse influence of the new land developments on the farming population

has been brought out by an occasional complaint by some of the farmers that the
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country estates offered competition for farm labor by paying higher wages. This

condition is more than compensated however, by the fact that the advent of

new uses of land gives an opportunity for many local people to obtain profitable

employment by working on the improvements and taking care of summer homes
and country residences. In addition there is available a profitable local market for

the sale of farm produce, especially to the summer residents. This and the contri-

bution to taxes in various towns amounts to considerable benefit to the local

farming population.

From the standpoint of the social institutions in small communities, the presence

of a large number of people during only a limited season of the year is not always

beneficial. The summer residents are not likely to take much interest in local

schools and other local institutions. Nevertheless, the financial benefit which

accrues to these rural communities from additional taxes and a better market

for agricultural commodities results in greater support and improvement of local

institutions.

Importance of Recreational Property in Massachusetts

Irrespective of the future growth of recreational land utilization, its position

is already of considerable importance in Massachusetts communities from the

standpoint of real estate valuation and taxation. According to the recent survey

by the Massachusetts Industrial Commission, the total value of recreational

property in the State amounts to $189,359,000. In the 71 towns included in the

present study, with a total value ot real estate of $244,016,030, recreational

property amounts to $34,444,272 representing about 14.5 per cent of the valuation

and paying the same proportion of total ta.Kes on land and buildings.

Table 8. — Valuation of Recreational Property in Massachusetts.

All Towns and Cities 71 Towns in this Study

Per cent Per cent

Recreational Property Valuation of Total Valuation of Total

Non-commercial

:

Owned by Massachusetts residents $115,218,711 60.8 $23,498,977 68.2

Owned by non-residents 38,209,726 20.2 5.976,029 17.4

Commercial 35,930,743 19.0 4,969,266 14.4

Total $189,359,180 100.0 $34,444,272 100.0

As will be seen from this table, a little over 20 per cent of the non-commercial

recreational property in Massachusetts is owned by people residing outside of the

State, and 19 per cent is represented by commercial recreational property, such

as summer hotels, golf courses, boys' and girls' camps, roadside camps and cottages,

etc. From the standpoint of values, the recreational property is especially signi-

ficant in the sections near the shore. As compared with this the inland towns with

their scenery, lakes and country surroundings do not reach the same degree of

development.

Among the individual inland sections Berkshire County occupies the most

important place in its recreational development of land resources, but it is far

behind Essex County, the most important on the basis of valuation. The high

valuation in this county is not surprising when we consider that some of the in-

dividual towns on the coast are almost entirely devoted to recreational purposes.
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Table 9. — Valuation of Recreational Real
BY Counties

Valuation of Non-Commercial
Recreational Property

County Owned by Owned by
Massachusetts Out-of-State

Residents Residents

Essex $28,298,455 $10,285,230

Plymouth 39,149,243 2,727,265

Barnstable 25,183,127 12,625,605

Norfolk 6,961,750 603,725

Dukes 3,517,733 3,116,583

Berkshire 1 ,094,485 4,439,336

Middlesex 1,750,560 215,040

Worcester 2.379,859 433,578

Bristol 2,672,395 1,446,925

Nantucket 2,446,820 1,631200

Suffolk

Hampden 697,205 145,925

Hampshire 824,081 182,729

Franklin 242,998 356,585

Total $115,218,711 $38,209,726

Estate in Massachusetts,

Valuation of

Commercial

Recreational

Property

$9,445,140

2,369,998

4,206,823

2,676,099

1,306.907

1,958.112

4.488.490

2.501.141

587,945

613,460

3,900.350

1.370.698

403.460

102.120

Total

Recreational

Property

$48,028,825

44.246,506

42,015,555

10,241.574

7.941.223

7.491,933

6,454,090

5,314,578

4,707,265

4.691,480

3.900,350

2,213,828

1,410.270

701,703

$35,930,743 $189,359,180

In the town of Gosnokl (Dukes County) the vakiation of recreational real estate

rises as high as 95.3 per cent (Table 10) of the total valuation, while in towns like

Eastham and Dennis on Cape Cod over 80 per cent of their real estate values is in

recreational uses.

Table 10.

Towns
Gosnold
Oak Bluffs
Eastham
Dennis
Scituate

Manchester
Wellfleet
Hull
Sandisfield
Salisbury

Falmouth
Barnstable
Monterey
Chatham
Harwich

Yarmouth
Marshfield
Stockbridge
Mattapoisett
Bourne

- Twenty Massachusetts Towns with Highest Proportion of

Total Valuation in Recreational Property
Valuation of
Recreational

Land
$1,169,980
3.116.505
877.705

2,200.000
8,300,610

7,502,135
1,123,650

10,944,705
350,000

1,625,860

11,039,982
11,629,580

357,944
2,836,140
2,830,900

2,137,000
3,736,865
2,568,850
1.698,345
4.167.794

Total
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In contrast with the intensive development of recreational property in the

coastal regions and some sections of Berkshire County, a good many inland

communities with attractive physical surroundings are still unutilized or not

sufficiently utilized in the way of recreational land development. The presence of

large areas of abandoned farm land in these towns and comparatively low land

prices offer a pcssibility of beneficial use of these resources for recreational purposes.

Forest Land Utilization in Massachusetts

Whatever may be the future course in the utilization of land which is already

abandoned or may be released from farming, the major part of the total land area

in Massachusetts is now covered by forest, including under that term all the land

covered by some growth of trees or inferior brush. According to estimates of the

Department of Conservation, there is in the State a forest area of about 3,000,000

acres or about 60 per cent of the total area. Of this total only 826,569 acres, or

less than one-third, is in farms. About one-half of the wooded area in farms is

wholly or partly utilized for pasture, the other half being largely brush and waste

land. Better utilization of the wooded area in farms will go a long way toward

improving the financial condition of many farmers. Greater attention by the

farmer to the possibility of developing his woodlot will make it an asset to the farm

enterprise instead of a burden as it frequently is. ^ It will increase the production

of material consumed on the farm in the form of fuel, fencing and lumber, and

furnish employment to farm labor in slack seasons. In addition, it will bring cash

revenue, obtained from periodical cuttings systematically arranged. There is also

the possibility of creating local markets for farm products, and of bringing other

advantages to the farming population through the development ot local wood-

working industries because of the presence of a greater supply of needed raw material.

The activities of the Forestry Department through its extension service con-

tribute towards the improvement of woodlots on farms and on other tracts of

land owned by individuals. The Department is authorized by law to examine

woodlands or waste lands and to advise owners on their care or management,

covering such problems as improvements in cuttings, forest planting, marketing

forest products and control of pests.

The major portion of the woodland, over 2,000,000 acres, is, however, outside

of the farms and is the main reservoir to be drawn upon to supply land for scienti-

fic forestry and for rapidly expanding recreational and other uses. Practically

the entire area owned by non-residents is represented by some kind of forest land.

Any future land policy dealing with the problem of utilizing this area will inevi-

tably take into consideration the possibility of developing a considerable portion of

this land into well-managed forests under public or semi-public ownership. At the

present time there is already an orderly utilization of small areas for the cultivation

of trees in state forests, town forests, various public reservations, and public parks.

There were, at the close of 1930, 47 state-owned forestswitha total area of about

11 5,000 acres. These forests vary in size from 8 acres to 13,652.6 acres, represent-

ed by the October Mountain Forest. In addition there were twenty public

reservations situated in various sections of the State.

There were also 90 town forests with a total area of 25,500 acres. The State

P'orestry Service furnishes trees free of charge to plant these forests, with the result

that about one million trees have been planted in them annually during the last

few years.

'U. S. Department of Agriculture Bulletin No. 1117. "Forestry and the Farm Income." 1923.
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Possibilities of Extending Land Areas in Public Ownership

After making a special survey, a committee appointed by the Governor of the
Commonwealth recently presented a tentative plan for the development and
enlargement of the present areas held by the State and other public and semi-

public bodies. The basic recommendations of the plan include a proposal for a
considerable extension of the land areas held in public ownership in various

sections of the State.

Public and Semi-Public Areas in Massachusetts.

In any attempt to include new areas in public ownership, careful consideration

should be given to the general effect on the rural communities concerned, which

may be affected adversely if indiscriminate extension of public ownership is made.

The indications are that public ownership will of necessity take care of only

a minor portion of the land which is available for recreational and forestry uses.

The main problem lies with the utilization of these areas under private ownership,

which will include both forestry and other uses. In many communities, with im-

provement of roads and increase of population, there is likely to be a considerable

development of part-time farming. For this reason caution should be exercised

in acquiring present areas for public forests. Likewise, it is important to see that

the development of forestry in any particular town does not encroach upon the

farming or local population. This condition will arise if the town receipts from

public land are not equivalent to what may accrue to the town from other uses

of the land within the near future. In extending public ownership in any parti-

cular locality, therefore, the immediate prospects for land utilization as well as the
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present condition should be taken into consideration. The most important

guides in regard to the present condition are the proportion of land in farming,

the percentage of improved land in farms, the value of farm land, and the density

of population. If the major part of the town is represented by abandoned farm

land, it might be to the advantage of the community and all concerned in locating

public forests to take up the whole town area in order to lift from the local people

the burden of paying taxes for schools, roads, and other public expenditures.

Summary and Conclusions

L A considerable decline of the land area in farming and of the proportion of

improved farm land in the last few decades has resulted in the presence in iVIassa-

chusetts of many idle acres which create an important problem in land utilization.

2. Largely as a result of the abandonment of farm land, about one-third of the

total area in towns with a population of less than 10,000 isowned by non-residents.

3. The greatest abandonment of farm land and development of non-resident

ownership occurred in the hilly sections and communities with poor farm land as

indicated by the percentage of the town area in farming, the amount of improved

land in farms, and farm land values.

4. In the towns situated on the coast and in some inland towns, especially

in Berkshire County, the land owned by non-residents is utilized to a great extent

for recreational purposes. However, most of the abandoned farm land held by

non-residents in other areas is represented by idle acres co^'ered by brush and in-

ferior woods.

5. Except for the coastal towns and a few towns in Berkshire County, there is

no substantial evidence that development of recreational uses encroaches upon

farmland.

6. The development of recreational uses in communities with a large area of

idle land benefits the local population by providing a greater amount in tax re-

ceipts, a local market for agricultural products, and some employment for the local

people. The negative effect in some cases is found in lack of interest in local in-

stitutions and occasional competition with the farmers for hired labor.

7. In many towns there are exceptional opportunities for the development of

recreational uses of land, and while the number of summer homes in these areas

is increasing it is not commensurate with the amount of land available.

8. Althougn the indications are that with a further development of good roads

a considerable amount of the present area of idle land will betaken up in the near

future for part-time farming, recreational and residential uses, the major part of it

has to be utilized for the growth of trees. At the present time about 115,000

acres of land are in 47 state forests, 25,500 acres in town forests, and small areas

in forest land held by various public and semi-public organizations.

9. Any program for land utilization in individual towns or sections of the

State should be based on a careful study of local conditions. This would involve an

intensive survey of both physical and economic factors. As a general outgrowth

of this study, the following policies are recommended:

a. In planning further acquisition of land by the State and other public institu-

tions for forestry or recreational purposes, it is advisable to e.xercise more care not

to include towns where the improvement of present roads and the construction

of new highways is likeh* to create in the near future a considerable development

of part-time farming and summer homes.
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I). W'liere the major pari of the town is represented by abandoned farm land,

it may l^e advisable from the standpoint of economies in local taxation and
exjicnditures to convert the whole town instead of part of it into state forest by
eiiectinji an arrangement for the exchange of land at present occupied for farming

for land in adjoining communities.

c. In the last few years the state forestry extension service has been instru-

mental in bringing about a considerable improvement in the condition of woodlots

on many farms. The continuation and expansion of this service are essential

to a better utilization of unimproved farm land which now occupies almost 25 per

cent of the total land area of the State.

Publication of this Document Approved by Commission on Administration .\nd Fin.\nce.

3M-2-'33. No. 7627
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THE IMMUNOLOGY OF INFECTIOUS
LARYNGOTRACHEITIS

By Charles S. Gibbs,

Research Professor of Veterinary Science

In undertaking this study it was necessary first of all to determine whether

birds could be artificially immunized to infectious laryngotracheitis or not. After

having determined this point, and realizing that very little immunological work
has been done with birds, it was felt that some preliminary experiments under

controlled conditions in the laboratory would yield results more quickly than could

be expected in the field. This report shows that this anticipation has been ful-

filled and a foundation has been laid for attempting field work in an experimental

way as the next step forward in the investigation of this project.

In the experiments reported, attempts were made to immunize birdsby inoculat-

ing the virus into some portion of the body other than the respiratory tract.

Naturally, the exudate and tissues containing the virus had to be modified to

facilitate inoculation, and this may have had some efifect upon the results, but

the general principle of keeping the virus away from the respiratory tract was

adhered to as much as possible.

FEEDING EXPERIMENTS WITH UNFILTERED VIRUS '

On nine consecutive days, 36 chickens six weeks old were fed infectious laryngo-

tracheal exudate in gelatin capsules without any of them showing symptoms of

disease. Nine control chickens from the same flock, inoculated intratracheally

with the same virus, contracted the disease and seven of them died. Four weeks

after the feeding had been completed, the 36 chickens were inoculated intratrache-

ally with fresh infectious laryngotracheal exudate,' and all of them came down with

the disease, from which 29 died. This experiment indicates that no lasting im-

munity was stimulated by feeding chickens six weeks old with virulent infectious

laryngotracheitis virus for nine days.

SEITZ FILTERED VIRUS
Intravenous Inoculation

1. Single Inoculations of Diluted Virus

An attempt was made to immunize birds by inoculation in the wing veins with

various dilutions of infectious laryngotracheitis virus which had been passed

through Seitz E. K. Schichten filters to remove bacteria. The first part of this

project, or the filtrations through the Seitz filters, was the most difficult to control,

because no satisfactory way of standardizing the virus had been discovered, and

the filtrates could not always be depended upon to contain sufficient virus to

produce the desired degree of immunity unless carefully checked by adequate

controls. When it was found by means of the controls that the virus did not pass

the Seitz filters in sufficient quantity to infect susceptible chickens, inoculated

intratracheally, the filtrations and inoculations were repeated with fresh virus

until satisfactory results were secured.

Sixty-eight clucks, which had never been exposed to infectious laryngotrachei-

tis, were divided into four groups, each group consisting of fifteen chickens for in-

travenous inoculation and two for intratracheal inoculation or controls. Each
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chicken to be immunized was inoculated in the wing vein with 1 cc. of fresh in-

fectious laryngotracheal exudate which had been diluted with physiological saline

and filtered through Seitz filters. In Group 1 the filtrate was diluted 1-10, and in

Groups 2, 3, and 4 the dilutions were 1-25, 1-50, and 1-100, respectively. The
eight controls were inoculated intratracheally with the filtrate as diluted for each

group. The results of the intravenous inoculations are reported in Table 1

.

Table 1. — The Titration of Infectious Laryngotkacheitis Virus for
Intravenous Inoculation
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2. Intermitlent Inoculation of Small Doses of ]'uus.

Chickens, six weeks of age, were divided into four groups of 12 each, and inoc-

ulated intravenously with tracheal exudate which had been prepared by triturat-

ing 1 gram of desiccated tracheal exudate with 25 cc. of saline solution and
filtering through a Seitz filter. The chickens in Group 1 were inoculated with

1/4 cc. of the filtered tracheal exudate; those in Group 2, with 1/4 cc. and 1/2 cc.

at an interval of seven days; those in Group 3, with 1/4 cc, 1/2 cc, and 3/4 cc.

of the same preparation in the same manner; and those in Group 4, with 1/4 cc,

1/2 cc, 1 cc, and 2 cc. Twenty-two controls were swabbed intratracheally and
contracted infectious laryngotracheitis and died, while the chickens inoculated

intravenously remained unaffected.

Seven days after the final intravenous inoculation the 48 unaffected chickens

and two new controls were treated intratracheally with fresh laryngotracheitis

virus. The results are shown in Table 3.

Table 3. — Tests of Immunity Imparted to Chickens by Intermittent
Intravenous Inoculations with Small Doses of Virus

Group
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Table 4. — Tests of the Duration of Immunity Imparted to Chickens by
Intermittent Intravenous Inoculations with Small Doses of Virus
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Group 2 was treated in the same manner with 2 cc. of the tracheal exudate solution,

diluted 1-25 and filtered through a sterile Seitz filter, and Groups 3 and 4 were

inoculated with two and three doses of the same liquid at weekly intervals. Groups

5 and 6 were treated with tracheal exudate which had been diluted 1-25 in saline

and glycerol mixed in equal volumes.

Table 5. — The Results of Subcutaneous Inoculations of Infectious
laryngotracheitis virus
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were shaken vigorously for fifteen or twenty minutes until the fragments were

broken up as much as possible. The contents of the bottles were filtered through

several layers of sterile cheesecloth into sterile flasks. All of the coarse particles

of fibrous tissue, serous and mucous membranes, and trabeculae were thus re-

moved.

Each suspension of tissue was divided into four parts. Part 1 was reserved

for control. To Part 2 was added 40 per cent formalin until a final concentration

of 0.1 per cent formaldehyde was attained, and the mixture shaken and placed in

the ice box for twenty hours before use. A solution of carbolic acid was added to

Part 3 until 0.5 per cent phenol was obtained. Glycerol was shaken into Part 4

until a homogeneous mixture was secured, containing about 25 per cent of the

fluid. Two chickens six weeks old were inoculated intratracheally with each

preparation until the tissues from the twelve original birds on the experiment had

been tested and the results noted.

The virus was found in the blood and tissues of four of the chickens soon

after external symptoms were noticed, lingered for about 48 hours, and disappeared

so that it could not be determined by intratracheal inoculation outside of the

respiratory tract, l Measured by the comparative mortality of the chickens

in the various groups, the virus in the tracheal exudate was more virulent than

that in the tissues. Formalin and phenol apparently destroyed the virus in every

preparation in which they were used. The gylcerolized tracheal exudates main-

tained their virulence the best of all, but this preparation has already been stutlied,

and it is unnecessary to discuss it further. No evidence of the virus was found

either in the tissues or in the blood just before death as so often occurs in bacterial

diseases. The chickens on this experiment apparently died of asphyxiation, due

to plugging of either the larynx or syrinx by pseudomembrane.

The results of this experiment indicate that it is impossible to prepare satis-

factory tissue vaccines for infectious laryngotracheitis by the methods used in

this investigation.

HYPERIMMUNE SERUM
Intravenous Inoculations

Hyperimmune serum was prepared by inoculating pullets intravenously with

tracheal exudates, which had been diluted 1-10 in saline solution and filtered

through Seitz E. K. Schichten filters. Two cc. were inoculated into the wing

veins at five-day intervals until six injections had been made. Eight days after

the last intravenous inoculation the birds were killed, the blood drawn into sterile

cylinders, and the clot allowed to form at room temperature. Later the clot

was lifted from the sides of the cylinders by means of sterile rods, and sterile

weights were placed on the surfaces of the clotted blood to press the serum out.

After standing in the ice box for forty-eight hours the clear serum was pipetted

from the cylinders into a sterile bottle, 0.5 per cent phenol added, and the bottle

shaken until a uniform mixture was obtained. The serum was stored in the ice box

until the chickens were ready for the experiment.

For these experiments 42 pullets and cockerels three months old, which had

never been exposed to infectious laryngotracheitis, were secured. They were

divided into three groups of 14 birds each, and inoculated intratracheally with

infectious laryngotracheitis virus. Then 10 of the chickens in each group were

inoculated intravenously with hyperimmune serum, while four were left as un-

treated controls. The birds in Group 1 received 1 cc. of hyperimmune serum on

' In these experiments the virus appeared to be associated with the erythrocytes, and its anti-

body with the leucocytes and serum. Investigation is under way to determine this point more fully.
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the day symptoms appeared; those in Group 2 received 1/2 cc. on the same day

and 3/4 cc. on the day following; while those in Group 3 were treated with 1 cc.

of hyperimmune serum two days after symptoms appeared. The results of this

experiment are tabulated as follows:

—

Table 6. — The Results of Intravenous Inoculation with Hyperimmune
Serum

Treated with Controls

firoiip virus and hyperimmune serum (virus but no serum)

Affected Affected

Recovered Died Recovered Died

1 8 2 4

2 10 t 3

.3 2 8 4

Totals

Table 6 indicates that one large dose of the hyperimmune serum on the day

symptoms appear is not as effective as smaller doses given twenty-four hours

apart. Serum administered intravenously two days after symptoms have already

appeared, or in other words when the disease is pretty well advanced, is of little

value. All of the birds protected by the hyperinmiune serum and recovering

from the intratracheal inoculations were found to be immune a month later.

The reaction in these partially immune birds may have been similar to the serum

and virus immunization process so often taken atlvantage of in hog cholera, rinder-

pest, and sometimes in dog distemper.

The task of inoculating birds intravenously was slow, painstaking labor, be-

cause each bird had to be treated individually and the needle carefully man-

euvered into the wing vein. For this reason it was almost impossible to inocu-

late successfully birds under three months of age. Since infectious laryngo-

tracheitis is primarily a disease of chickens, this method may not be practical on

a large scale.

Subcutaneous Inoculations

In order to determine the eflicacy of the subcutaneous inoculation of hyperim-

mune serum, 42 pullets and cockerels three months old were divided into three

groups of 14 birds each, and inoculated intratracheally with infectious laryngo-

tracheitis virus. Then 10 birds in each group were treated subcutaneously with

hyperimmune serum, and 12 controls, 4 for each group, were not given any serum.

The doses of serum for each group varied as follows:-

Group 1 received 1 cc. of serum on the day the tracheas were inoculated, and

a second dose was given twenty-four hours later on the other side of the breast.

Group 2 was inoculated in the same manner, e.xcept that the inoculations were

commenced the second day after symptoms appeared. Group 3 was given 1 cc.

of hyperimmune serum only on the day symptoms of infectious laryngotracheitis

appeared

.

In these experiments the hyperimmune serum apparently filtered slowly into

the tissues and did not neutralize the virus of infectious laryngotracheitis to any

great extent. The best results were secured in Group 1 in which chickens were

inoculated before symptoms of disease appeared. All of the surviving chickens

were found to be immune a month after recovering from the disease, except the

controls and two unaffected chickens in Group 1. The controls died, but the two

unaffected chickens in Group 1 recovered.
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The results of these inoculations are reported in Table 7.

Table 7.— The Results of Subcutaneous Inoculation with Hyperimmune
Serum

Group
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infectious laryngotracheitis, it was decided to try the bursa of Fabricius, since

this organ is lined with mucous membrane, and is some distance from the respira-

tory tract. Up to this time it was not known that the bursa of Fabricius was

susceptible to inoculation with infectious laryngotracheitis. After this point had

been determined, Hudson and Beaudette (1932) published their results on the

cloacal inoculation of chickens with infectious laryngotracheitis virus; and

after the work reported in this bulletin had been completed, they published their

"F.xperiments on Immunization against Laryngotracheitis in Fowls" (1933).

The work is based on the same principle as the experiments reported herein,

although the method of attack, field covered, and interpretation of results differ

in several important respects. However, Beaudette and Hudson have had some

access to field work, and probably speak with authority on the practical value of

this method for immunizing birds outside of the laboratory.

The Bursa of Fabricius

The bursa of Fabricius, named after Hieronymus Fabricius, the celebrated

Italian anatomist and surgeon (Borden, 1922), is a bulblike organ lying dorsally

to the cloaca in the chicken. It is fully tleveloped at the time of hatching, con-

tinues to increase in size as the bird grows, and reaches its maximum development

between four and five months (Schauder, 1923; Otte, 1928). At this time it aver-

ages one inch long, three-fourths of an inch wide, and one-tenth of an inch in

thickness in the Rhode Island Red. It occurs in both cockerels and pullets.

Involution commences near the time of sexual maturity (Jolly, 1913; Riddle, 1928),

and in the course of two or three months it is reduced to a narrow fold.

The wall of the bursa of Fabricius is made up externally of a serosa composed

chiefly of white fibrous connective tissue, and an internal mucous membrane lined

with epithelial tissue. A layer of circular and longitudinal involuntary muscle

tissue is located between the serous and mucous membrances. The mucous mem-

brane and some of the muscle tissues are folded longitudinally so that the organ

presents a wrinkled appearance internally. The external appearance is smooth.

The aperture into the bursa of Fabricius is small and controlled by a sphincter

muscle until involution commences. At the time of retrogression, the sphincter

muscle gradually loses its elasticity and the opening enlarges until involution is

complete. In the adult bird the opening appears as a horizontal slit leading into

the bursal fold.

The physiological function of the bursa of Fabricius has been disputed. Retter-

er and Lelievre (1913) believed it to be concerned in fertilization. Jolly (1911)

ascribed a hematopoietic function to it, and Jolly and Levin (1911) stated that it

might be associated with nutrition for it degenerates rapidly during starvation, and

is abundantly supplied with lymphatics.

Infection of the Bursa of Fabricius with the Virus of Infectious

Laryngotracheitis

In starting these experimental studies on the bursa of Fabricius inoculation, it

was necessary first of all to determine whether this organ could be infected with the

virus of infectious laryngotracheitis, and if so, how long the virus would remain

in it.

Twenty-four chickens three months old were selected for this study. Twelve

of them had never been exposed to the disease, and the others had been immunized

by the intravenous method. All of them were inoculated in the bursa of Fabricius

with infectious laryngotracheitis virus, which had been prepared in the following
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manner. Desiccated virus was groiniil up in a sterile mortar with sufficient sterile

saline solution to make a thin paste. A pinch of cotton was twisted on the end of a

wooden applicator to make a swab that would easily pass through the opening

leading into the bursa of Fabricius. The swab was dipped into the paste, and
gently pushed through the bursal orifice of each bird and the mucous membrane
carefully swabbed, taking care to get between the folds. Beginning the third day
after inoculation, a swab was inserted into the bursa of each bird and some of tha

exudate removed and re-inoculated into the tracheas of chickens which had never

been exposed to infectious laryngotracheitis. The results of this experiment are

reported in Table 9.

Table 9. — The Number of D.\ys the Virus Was Recovered from the Bursa
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satisfactory immunity, but lead to erroneous conclusions in regard to the efficacy

of the method.

The Vaccination of Roosters and Fowls

A mixed group of birris was available for this experiment, consisting of 12

roosters and 23 fowls. All of these birds had reached maturity and the bursa of

Fabricius had completely involuted. The birds were placed in individual cages,

and 27 of them inoculated in the bursal fold, while 8 controls were inoculated

intratracheally. Eight of the inoculated birds came down with infectious laryn-

gotracheitis in five days, which is about the average incubation period for fowls in

production, and two of them died. Seventeen days after vaccination the birds

were inoculated intratracheally with infectious laryngotracheitis virus, and all

were found to be imnuine, except the controls. The controls contracted the dis-

ease and three died.

The surviving birds were held under observation for twenty-five days without

any further indications of disease, except that one of the vaccinated fowls de-

veloped proctitis and inflammation of the oviduct, in addition to infection of the

bursa of Fabricius. This condition led to prolapse of the oviduct. If this bird

had been in a flock instead of in an individual cage, she would undoubtedly have

been picked to death and the fatality charged to cannibalism without the real

facts of the case being known.

The Vaccination of Pullets and Cockerels

In this experime^it the pullets and cockerels were divided into four groups,

according to age, 200 being vaccinated in the bursa of Fabricius while 82 were

held in separate cages as controls. Fourteen days from the date of vaccination

all of the birds, including the controls, were inoculated intratracheally with in-

fectious laryngotracheitis virus. The results of this experiment are summarized

in Table 10.

Table 10. — Tests of Immunity of Pullets and Cockerels Following
Bursal Vaccination

Group
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Of the 55 vaccinated birds in Group 2, 9 contracted the disease after the usual

incubation period for infectious laryngotracheitis in chickens, and of these 1 was
killed as a result of cannibalism, 5 died naturally, and 3 recovered. When tested

intratracheally for immunity, the 50 vaccinated birds living were found to be

immune, but the 16 controls contracted the disease from which 12 died and 4

recovered. The surviving chickens were held for thirty-three days and appeared

to be developing normally.

At necropsy 9 vaccinated chickens and 10 controls showed lesions of coccidiosis,

and the mortality in both the vaccinated and control groups was confined almost

entirely to the birds suffering from this complication. This experiment indicates

that birds having chronic coccidiosis are not good risks for bursal vaccination

with infectious laryngotracheitis virus.

In Group 3, 31 of the vaccinated birds were immune and 8 contracted the dis-

ease, of which 6 died and 2 recovered. All of the controls developed infectious

laryngotracheitis and 21 died while 18 recovered. Lesions of coccidiosis were

evident at necropsy in the 8 vaccinated birds showing symptoms of infectious

laryngotracheitis and 11 of the controls. Once more the fact was forced upon

the investigator that birds weakened by coccidiosis are not good subjects for treat-

ment by this method.

Three days after vaccination two of the birds in Group 4 showed clinical symp-

toms of infectious laryngotracheitis and died. A pullet in which the cloaca be-

came infected as well as the bursa, died of cannibalism. Of the 62 birds vacci-

nated, 59 did not show any symptoms of disease. All of the controls contracted

infectious laryngotracheitis and six died, while four recovered.

Traumatic Cysts

Four of the vaccinated birds, one pullet and three cockerels, had traumatic

cysts in the bursa of Fabricius similar to those shown in the photograph. The

cysts looked like tapioca embedded in the mucous membrane, from which they

readily shelled out, leaving small cavities. When placed in cold water the cysts

swelled up and burst, liberating a sticky gelatinous mass, which gradually went

into solution, while the covering membrane remained broken but insoluble in

water. The gelatinous mass was precipitated from the solution by the addition of

a few drops of 1 per cent acetic acid or alcohol and redissolved in 20 per cent NaOH
solution, but it was not redissolved by an excess of acid. The covering membranes

were not soluble in any of the reagents used. These tests indicate that the trau-

matic cysts consist largely of mucous.

The significance of these cysts is not fully realized at present. The vaccination

must have had something to do with them for they have not been found in un-

vaccinated birds.

The Duration of Immunity

Fifty-six chickens from Group 4, immune to infectious laryngotracheitis at the

time of placing in a colony house, were kept for ten months for studies on the

duration of immunity. One of the cockerels died of avian paralysis before the

tests were commenced. However, five months after vaccination 55 of the birds

were inoculated intratracheally with infectious laryngotracheitis virus, and 6 of

them came down with clinical infectious laryngotracheitis. Three of the infected

birds died, three recovererl, five developed laryngotracheal rales, and two proved

to be chronic carriers. None of the 52 living birds were found to be harboring the
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virus in the bursa of Fabricius, although the bursal fold was closed with adhesions

in 2 of the roosters so that they could not be tested for the carrier stage. One

pullet died before the experiment was closed. Necropsy revealed the bursal fold

constricted so that the opening from the oviduct into the cloaca was obstructed,

and the bird could not lay. Two completely formed eggs were found in the

oviduct.

Bacteria in Tracheal Exudates Complicate Bursal Vaccinations

In order to study the importance of bacteria in bursal vaccinations, 36 chickens

six weeks old were divided into three groups of 12 each. Group 1 was inoculated

with Seitz-filtered infectious laryngotracheitis virus. Group 2 with streptococci

isolated from the tracheas of chickens and fowls (Gibbs, 1933b), and Group 3

with staphylococci from the tracheas of normal fowls which showed pathogenic

properties when the mucous membrane was injured as in infectious laryngo-

tracheitis (Gibbs, 1930). The same degree of infection occurred in Groups 1

and 2, and in three of the chickens in Group 3, so that it was impossible to dis-

tinguish the bacterial from the virus inoculation or "take." It was concluded

from this experiment that bacteria in the tracheal exudate may complicate vac-

cinations in the bursa of Fabricius and interfere with the determination of success-

ful takes. For this reason it was felt that considerable care should be exercised

in the selection and cultivation of tracheal exudate for vaccine.

In the routine preparation of infectious laryngotracheal exudate for vaccine,

the virus should be filtered in order to free it from bacteria. It should always be

prepared from chickens one month old, which have been hatched in incubators

and reared under especially sanitary conditions away from all other birds.

The filtration of infectious laryngotracheitis virus presents some difficult prob-

lems. However, if a modification of Ward's (1928) method is used the virus

should pass Seitz and Berkefeld filters more readily than if the exudate is tritur-

ated in physiological saline solution or yeast water alone. In applying the modi-

fied Ward method to the filtration of infectious laryngotracheitis virus, the

exudates were ground up in mortars with fragments of Pyrex glass, and suspended

in hormone broth. Before pouring the mixture into the filters the surfaces of the

Seitz disks were covered with a layer of broken glass. Extra fragments of

glass were not added to the Berkefeld filters because they could not be held

in place before pouring in the exudate and starting the suction. The hormone

broth is a modification of Huntoon's method, and it was prepared as follows:

—

Four hundred grams of minced chicken heart free from fat, ten grams of pep-

tone, and five grams of salt were boiled for fifteen minutes in one liter of water.

The meat particles were removed by straining through cheesecloth, and the

broth autoclaved at 15 pounds extra pressure for half an hour. It was allowed to

stand over night in the ice box. The next morning the supernatant fluid was de-

canted off^, 25 cc. to a flask, and autoclaved for 15 minutes.

Table 11 shows the results of this experiment with Seitz and Berkefeld V, N, and

W filters, and indicates that hormone broth plus Ward's method of filtration is more

efficacious than either physiological saline solution or yeast water alone. If this

method of filtration had been known when the experiments on the intravenous and

subcutaneous inoculation of infectious laryngotracheitis were made, the results

might have been more encouraging. Discrepancies of this sort are to be expected

in a project which has not passed out of the experimental stage.
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Table 1L — Filtration of Infectious Laryngotracheitis Virus

Dilution

Filtrate
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Table 13.
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GLOACAL VERSUS BURSAL VACCINATION

Forty chickens, three and one-half months old, were divided into two groups of

twenty each. Group 1 was inoculated in the cloaca and Group 2 in the bursa of

Fabricius. In Group 1,8 of the chickens developed mild inflammation of the cloaca,

which indicated 40 per cent successful takes; while 18, or 90 per cent, of those in-

oculated in the bursa of Fabricius showed definite indications of takes. Two
chickens from each group contracted infectious laryngotracheitis and died. When
tested for immunity fourteen days later, 10 of the chickens in Group 1 contracted

the disease and 6 died, while all of the 18 living chickens in Group 2 resisted infec-

tion.

This experiment indicates that the number of takes is greater when the bursa

of Fabricius is inoculated than then the cloaca is swabbed with the same virus in

the same manner, and the resulting degree of immunity is greater in the former

than it is in the latter case.

DISCUSSION

In attempting immunization in infectious laryngotracheitis the object should be

to produce an immunity at least as good as that which follows the disease when

naturally contracted. At present this can not be accomplished artificially. Since

birds infected in the larynx and trachea are liable to die of asphyxia, due to plug-

ging of the respiratory tract with pseudoniembrane, the infection should be kept

from this system, unless partial immunity has been previously produced by means of

properly filtered tracheal exudate or hyperimmune serum. Laryngotracheitis is

primarily a disease of the mucous membranes and infection is not induced by

inoculation of the virus into the subcutaneous tissues or blood stream. However,

when a relatively large dose of the virus is released in the blood stream, the in-

fectious agent may be carried to the larynx and trachea and a natural attack

result. On the other hand, when the virus is introduced into the blood stream in

relatively small quantities over a comparatively long time, active immunity is

produced. It seems to make little difference whether the small quantities are

continuous, as they probably are in the bursa of Fabricius infection, or intermit-

tent as in intravenous inocalation.

Naturally acquired immunity in infectious laryngotracheitis is permanent,

while artifically acquired immunity is relative and appears to depend upon the

severity of the reaction. Hence the introduction of filtered tracheal exudates

into the blood stream, or the inoculation of a mucous surface outside of the trachea

such as the bursa of Fabricius, stimulates various degrees of active immunity.

The inoculation of hyperimmune serum into the blood stream produces passive

immunity only, because the antigen is not present, and the tissues of the bird are

not stimulated to produce antibodies. It is impossible to control the reaction in

any of the methods suggested for the immunization of birds against infectious

laryngotracheitis, because a standard vaccine has not been produced, and in spite

of the arbitrary standard suggested in this bulletin for inoculation in the bursa of

Fabricius, the danger of spreading the infection where it does not already exist is

involved.

Birds weakened, as in coccidiosis, are liable to develop acute infectious laryngo-

tracheitis when vaccinated in the bursa of Fabricius and relatively large numbers

die. The simultaneous vaccination of birds against infectious laryngotracheitis

and chicken pox was not attempted in these studies, because the experiments

were conducted in the laboratory, and it was not considered expedient to

make the two tests under such limitations, for fear that the results might
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lead to erroneous conclusions. This point should he made clear by carefully

controlled experiments under range conditions, and moreo\'er, further studies of

infectious laryngotracheitis are needed to determine the practical value of the

laboratory methorls and immunological theories advanced herein under fielil

conditions, without complication with chicken pox or any other disease which

might lessen \itality.

In vaccinating a large number of birds, various degrees of reactions are bound

to occur. Some cases will be so mild that only temporary immunity results,

while others will respond abnormally and develop a disease so severe that some will

die and carriers are produced in a few of those that recover. However, evidence

is lacking to show that sufficient virus passes into the blood stream from the in-

fected bursa of Fabricius to be responsible for clinical cases, although it has been

demonstrated that birds do infect themselves after vaccination by picking and rub-

bing the affected parts, and probably indirectly from the virus in the droppings.

Thus the danger of creating fresh centers of infection, through the agency of vac-

cinated birds and carriers, is obvious, in spite of the fact that most ot the birds

ma\- respond normalh- and be satisfactorily immunized against the disease.

SUMMARY
1. In order to be acceptalole to the majority of poultrymen, treatments for

infectious laryngotracheitis must be cheap, easy to administer, and fairly effective.

2. Since the intravenous and subcutaneous methorls of stimulating immunity

did not measure up to this standard, they are not recommended for field practice.

3. However, the intravenous and subcutaneous studies were conducted under

controlled laboratory conditions and the following fundamental immunological

points discovered :

—

(a) Birds can be immunized against infectious laryngotracheitis by introduc-

ing small doses of virus intermittently into some portion of the body other than

the respiratory tract.

(b) The virus is carried by the blood and may stimulate the production of

immune bodies in all tissues directly in touch with the vascular system.

(c) Large cjuantities of virus released into the blood stream at once may be

carried to the respiratory tract and lead to the development of active symptoms.

4. The inoculation of the bursa of Fabricius appeared to be the most satis-

factory way of utilizing the immunological discoveries brought out in this study

for immunizing birds against infectious laryngotracheitis.

5. The best time to vaccinate appeared to be between three and four months

of age, or when the bursa of Fabricius had reached its greatest development.

6. Only birds in the best of health are suitable for vaccination against intectious

laryngotracheitis.

7. The significance of certain traumatic cysts, blow-outs, and adhesions lounfl

in the bursa of Fabricius and adjacent parts of some of the birds after vaccination

is not understoo 1, in view of the fact that special care was taken to avoid rough

handling.

8. Special care should be exercised in selecting and cultivating tracheal exu-

date for bursa of Fabricius vaccination in order to exclude pathogenic bacteria and

viruses other than the causative agent in infectious laryngotracheitis.

0. Infectious laryngotracheitis tracheal exudates desiccated and preserved by

the modified Swift method maintain their virulence for several months.

10. Final judgment should be withheld on th? bursa of Fabricius vaccination

until carefully controlled experiments are completed to determine its practical

value under range conditions, and the duration of immunity in fowls in heavy pro-

duction.
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EFFECT OF MANUFACTURING AND PRESERVING
PROCESSES ON THE VITAMINS OF CRANBERRIES^

By Paul D. Isham. Research Fellow, and Carl R. Fellers, Research Pro-

fessor of Horticultural Manufactures

PURPOSE
A comprehensive investigation of the vitamin content of the American culti-

vated cranberry, Vacciniiim macrocarpon, was undertaken to include several varie-

ties, seasons, storage conditions, and manufactured products such as evaporated,

frozen, and canned cranberries. This is the first of a series of studies planned to

investigate the effect of manufacturing methods on the nutritive value of fruits

and vegetables. Only limited data are available on this general subject. Re-

sults obtained in the present investigation show the necessity of actualK' rleter-

mining the changes which may occur in a fruit during storage, processing, and

preser\"ation.

INTRODUCTION
Since cranberries are a very important crop in Massachusetts, data relative to

their vitamin content and the effect of storage, home cooking, and commercial

manufacturing processes on these vitamins are very desirable. Approximately

300,000 cases or 10,000,000 pounds of cranberry sauce are produced each year.

Since a pound of cranberries makes about 2.6 pounds of sauce, the cranberries

used for commercial canned sauce manufacture represent close to 40,000 barrels.

However, most of the fruit is consumed as sauce prepared in the home. The per

capita consumption of cranberries in the United States is 0.54 pound. Cran-

berries are harvested in September and October and may be found on the market

until late winter.

Because of confusion in nomenclature in published articles on the cranberry, and

to clarify several literature citations in this paper, a very brief discussion ot the

botanical relationships of the cranberry is given. The common, large, cultivated

American cranberry so widely consumed in this country is known as Vaccinium

macrocarpon. European references to cranberries generally refer to other species.

Most important of these is V. VitU-Idaea, also known as the mountain or rock cran-

berry (U.S.), cowberry, foxberry (Gt. Britain, Canada), Preisselbeere (Germany),

tyttebaer (Norway), lingon berry (Sweden ), Kroesa( Denmark), and partridge berry

(Newfoundland). This species grows on upland and rocky places rather than in

swamps. The other species, V. Oxycoccus, is known as the moss, bog, or swamp
cranberry, and also as the small or speckled cranberry. The fruit and vine of this

species are smaller than either V. macrocarpon or V. Vitis-Idaea.

^ Part of a thesis submitted by the senior author to the faculty of the Graduate School, Massa-

chusetts State College, in partial fulfillment of the requirements for the degree of Doctor of Phil-

osophy.
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VITAMINS Ol" CRANBERRIES

HISTORICAL

No thorough imestigatioii of the vitamin content of cranberries has been re-

ported. In fact, no work has been reported on vitamins A,B,D, and (i. MacLeod
and Booher (22) reported the American cranberry as being a poor source of vita-

min C. However, this conclusion is open to criticism, first, because the cran-

berries had been in storage for seven or more months and, as will be demonstrated

in this paper, had undoubtedly lost much of their original vitamin C content; and

second, because the experimental animals did not consume their full portion of

fruit plus basal ration. Naeslund (2S) investigated the vitamin C content of V.

Vitis-Idaca in Norway and found them to be weakly antiscorbutic. He estimated

the protective portion of fruit or freshly expressed juice to be more than 50 grams,

with no difference in potency between the whole berry and its expressed juice,

losing the same fruit, Laland (21) was unsuccessful in his attempts to isolate nar-

cotine, believed by Rygh and his coworkers (31,32,33) to be the precursor of

vitamin C. However, Dalmer and Moll (9) and Briiggemann (6) were unable to

verify Rygh's results; and recently Svirbely and Szent-Gyorgyi (40), and also

King and Waugh (18) have proved beyond question that vitamin C is closely

related to or identical with hexuronic acid.'

After the completion of the vitamin C studies reported in this paper, a recent

Russian investigation on V. Oxycoccus came to our attention. Bogoliubova (3)

found that 2.5 grams of these wild cranberries, after storage for three months near

the freezing point, fully protected guinea pigs from scurvy during a seven weeks'

test period. However, cranberries which had lain under snow all winter or which

had been alternately frozen and thawed, showed no protective action. Similarly,

dried or fermented cranberries lost their vitamin C potency. She believes that

cranberries are an important antiscorbutic in all northern countries and states

that the value of cranberries for the treatment of scurvy in Russia was known as

early as 1848. Mention is made that sailing vessels used cranberry juice as an anti-

scorbutic many years ago.

Bogoliubova also noted the absence of xerophthalmia in her guinea pigs, and

since the oat diet was deficient in vitamin A, concluded that cranberries contained

some of this vitamin. However, no data were presented.

The resistance of vitamin C to heat and oxidation is materially increased by

high acidity, and the cranberry is characterized by a high acidity which averages

about 2.3 per cent (calculated as citric acid). According to Nelson (29), the

fi.xed acids are 88 per cent citric and 10 per cent malic. Mason (24) detected ben-

zoic acid in the cranberry; this finding was verified by Griebel (17), and also in

this laboratory where it was found that the benzoic acid content of 25 varieties

ranged from 0.027 to 0.098 per cent. It is probable that the good keeping qualities

of fresh and preserved cranberries are in part due to the presence of free or com-

bined benzoic acid. The presence of quinic acid in cranberries was presumed by

Blatherwick and Long (2) and by Quick (30). Kohman and Sanborn (20), Morse

(27), and Fellers, Redmon and Parrott (15), have gathered further positive evi-

dence of the presence of 0.38 to 1.03 per cent of quinic acid in cranberries. Unlike

benzoic acid, quinic acid has no significant antiseptic properties against micro-

organisms.

^Recent investigations by Hahn (Ztschr. Untersuch. Lebensmtl. 61:369-411, 515-611, 1931)

show that raw or cooked mountain cranberries are very poor sources of vitamin C



4 MASS. EXPERIMENT STATION BULLETIN 2%

The red pigment of the V. Vitis-Idaea cranberry has been proved by Willstatter

and Mallison (41) to be the anthocyan idaein, hence is unrelated to vitamin A.

By using Willstatter's technic, Morse (26) obtained 2.1 grams of idaein from 22

kilograms of American Early Black cranberries.

Of possible significance in vitamin C retention is the gas content of cranberries.

The oxygen content varies from practically zero to 14 per cent depending upon the

freshness of the fruit and storage conditions. A considerable percentage of carbon

dioxide is always present in the tissues and voids of the fruit.

SOURCE AND PREPARATION OF SAMPLES

Fresh and Frozen Cranberries

In general the fruit was obtained from the Massachusetts Cranberry Station at

East Wareham in 1930, 1931, and 1932, though samples were also furnished by

the A. D. Makepeace Company, Wareham, the United Cape Cod Cranberry Com-
pany, South Hanson, and the American Cranberry Exchange, New York, N. Y.

Cranberries were harvested in September and October and held in cold storage

at 40° F. in 50-pound, one-half barrel, ventilated boxes. In general, the fresh fruit

and products were assayed for vitamin C within four months from the harvesting

date, which corresponds to the active commercial marketing season. Early

Black, Howes, and Perry Red varieties were used. The first two are the most

important commercial varieties in Massachusetts and represent early and late

maturing varieties. In order to determine the effect of storage upon vitamin C
content, fresh cranberries from the same lot were stored at 40°, 15°, 0°, and 15° F.

Thus the effect of freezing was also ascertained. The lots held at 0° and -15° F.

were frozen at -30° F., in small waxed-paper cartons holding one-half pound of

cranberries, by the Birdseye Multiplate Freezer. All frozen cranberries were not

defrosted until just before feeding. The frozen samples included whole, sliced

and sweetened, and crushed and sweetened berries, and a strained product. The

samples held at 15° and 40° were in the bulk, 50-pound boxes.

The freezing of cranberries as a means of preservation has been carried on in

this department since 1927 and has been practiced by the canners for several years

as a means of extending the canning season. Quick-freezing of whole cranberries

for the retail trade has been conducted on a limited scale since 1931.

Dehydrated Cranberries

Commercially dehydrated whole cranberries, usually called "evaporated" by

by the trade, were examined for vitamin activity. These berries were pricked

20 to 30 times with steel needles to allow evaporation of moisture and dehydrated

for 8 to 12 hours at temperatures of 120° to 150° F. in forced-draught dryers.

The moisture content is normally less than 5 per cent. One hundred pounds of

fresh fruit yield about 10 pounds of dehydrated cranberries.

By grinding this product a fine red powder was obtained which served as the

basis of the tests for vitamins A, B, D, and G.

Cranberry film is a dehydrated cranberry product prepared by boiling fresh

cranberries in a small amount of water for two to three minutes, hot pulping, and

immediately drying in a thin film on a rotating steam-heated drum dryer. The

film resembles crepe paper. One hundred pounds of fresh cranberries yield about

12.3 pounds of film. The film can be used in the preparation of cranberry sauce.
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Film samples were pulped and drieil in air, and in nitrogen gas. The film was

prepared for feeding by mixing with water in definite concentrations. In this

way, desired amounts were accurately administered by pipette.

Cranberry Juice

Cranberry juice or cocktail has recently become of some commercial importance.

The juice possesses a very deep red color and a characteristic flavor. It is parti-

cularly suitable for use as a blender in punches and similar beverages.

Cranberry juice was prepared by two methods and is designated "cold-pressed"

and "heat-extracted." The cold-pressed juice was prepared by grinding the fresh

cranberries in a food chopper and expressing the juice by means of a large hand
press. The yield of juice averaged 6 gallons per barrel (100 pounds) of cranberries.

The heat-extracted juice was prepared by boiling 100 pounds of cranberries

with 6.5 gallons of water for 8 to 10 minutes. The pulpy mass was cooled to

room temperature and pressed. The yield was about 8 gallons per barrel of fruit.

The sweetened juice was prepared by adding sufficient sugar to yield a soluble

solids content of 50 per cent. Both fresh and pasteurized raw pressed juices were
e.xamined for vitamin C. Pasteurization was effected by a heat treatment of 20

minutes at 160° F. of the juice sealed in small tin cans or one-half pint bottles.

One series of samples in the bottles was sealed under a partial vacuum of 25 inches

of mercury.

Cranberry juice cocktail was prepared according to the recipe recommended
by the American Cranberry Exchange (1). One quart of cranberries was boiled

with one quart of water until soft, then strained through a cheese-cloth, the juice

brought to boiling, two-thirds cup of sugar added, and the boiling continued for

two minutes. This juice was filled into sterile jars, sealed, and immediately cooled.

Commercially, cranberry juice cocktail is prepared by grinding the fruit, cook-

ing with water until soft, adding a pulp filter aid, centrifuging, making up filtrate

to a volume representing two parts water to one of fruit, adding sugar to 15° Brix,

heating to 180° F., and immediately filling into sterile glass containers and sealing.

Frozen cranberries are preferred to fresh in the manufacture of this product.

Cranberry Sauce

Cranberries are normally consumed in the form of a cooked sweetened sauce,

either strained or unstrained. The sugar content of the sauce varies from 41 to

48 percent.

Whole-fruit, unstrained cranberry sauce was prepared according to the widely

used "Ten Minute" Cranberry Sauce (1) recipe of the American Cranberry Ex-
change. The recipe calls for 1 pound of cranberries, 2 cups of water, and H to 2

cups of sugar. The sugar and water are boiled together for 5 minutes, then the

cranberries are added and boiled without stirring until the skins pop open. This

usually requires about 5 minutes. This material was sealed hot in small jars and
immediately cooled. Investigations on canned foods (10, 11) have shown that

practically no deterioration of the vitamin C content occurs in the can even over

a period of several years. All sauce was kept in the refrigerator at 33° F., and
no jar was used for feeding after being open 24 hours. The surface of the

material in the opened jars was kept covered with paraffin. Just prior to feeding,

the sauce was pressed through a fine screen to allow its being administered by
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pipette. This process is the one referred to as cold pulpinji or cold straining in

this paper.

It was brou.uht to our attention that cranberry sauce is often prepared in the

home by cookinsj cranberries in water and then adding the sugar. Whole-fruit

sauce was therefore prepared in this manner and treated as was the "Ten Minute"

cranberry sauce.

Commercially prejwrcd whole-fruit cranberry sauce was also examined for its

vitamin C content. This material was manufactured by a method practically

identical to that specified for "Ten Minute" cranberry sauce.

The strained cranberry sauce was prepared in several ways. In each case,

however, the berries were pulped while at boiling or near boiling temperatures

without any special precautions to prevent oxidation. Strained "Ten Minute"

cranberry sauce was prepared and immediately sealed in small jars. Other strained

sauce was prepared in small amounts according to commercial practice. The
cranberries were boiled for two or three minutes in water, pulped while hot to

remove seeds and skins, the sugar added, and the mixture concentrated in a jelly

kettle to a jelly test (216° to 218° F. or 43 per cent soluble solids by refractometer).

The hot liquid sauce was filled into cans and sealed without further heat treatment.

As an average, 1 pound of cranberries will yield 2.6 pounds of sauce. Several

brands of commercially packed strained sauce were likewise assayed.

Cranberry Jelly and Candy Filling

Cranberry jelly was prepared according to the recipe of the American Cranberry

Exchange (I). This calls for S pounds of cranberries, 12 cups of water, and 2^

pounds of sugar. The cranberries are cooked in the water until soft, and the

juice strained off through a jelly bag. The juice is measured and heated to boil-

ing, 1 cup of sugar adfied for each 2 cups of juice and stirred in until dissolved, and

the whole boiled briskly for 5 minutes. It is then poured into glasses and covered

with paraffin. Small glasses were used, and a new one taken for each feeding.

The cranberry' content of cranberry candy as such was too low to allow feeding

in amounts sufficient to afford protection to the animals. Therefore, the cran-

berry material as it is mi.xed into the candy was obtained and used for feeding tests.

This material was nothing other than finely chopped cranberries. It was stored,

sealed in large jars, in the refrigerator at 33° F. Just prior to feeding, a suitable

quantity was pressed through a fine screen while still cold, and this material used

for feeding.

EXPERIMENTAL RESULTS
Vitamin C

The Sherman, LaMer, and Campbell (34) method was used, with the exception

that the amounts fed were proportioned to the weight of the guinea pigs; i. e., a

400-gram animal was fed 4/3 as much as one weighing 300 grams. The animals

were all young and healthy, weighed between 280 and 325 grams, and were housed

in individual cages. The basal ration consisted of 58 per cent equal parts of rolled

oats an.i wheat bran, 30 per cent of vitamin C-free baked milk powder, 10 per cent

butter fat, and 1 per cent each of cod-liver oil and salt. This basal ration and water

were kept before the animals at all times.

Normally three guinea pigs were used at each feeding level. At the end of the

feeding period all animals were chloroformed and carefully examined for lesions of
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scurvy. Negative roritrols died in from 26 to 36 d.ays with an average Sherman

scurvy score of 19.

Becauseof the dislike of guinea pigs for cranberries, it was necessary in all the

vitamin C assays toexpress the juice and finely divided pulp from fresh, frozen, and

soaked evaporated cranberries, and to force-feed the animals by pipette. All sam-

ples were freshly prepared daily immediately before feeding. In cooked and canned

cranberries, the pulp freed from skins was likewise fed by pipette. In order to

be assured that each animal received its full share, weighings were made before

feeding and several times during the feeding process until the required weight was

reached.

The results obtained on vitamin Care presented in Tables 1 to 5 and Figures 1

to 5. In general, these data are largely self-explanatory and require only brief

discussion. Only certain representative results are shown in the curves, but all

the data are summarized in the tables.

Table 1. — Vitamin C Content of Raw Cranberries

Variety
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Figure 1 Figure 2

20 40 60
Time In Days

liO 60
Time In Days

Figure 1. — Influence of Variety and Season on the Vitamin C Content of Cranberries

Variety
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From a study of Tables 1 and 2, it is evident that cranberries gradually lose

vitamin C during storage at 40° F. There was little loss in Early Blacks or Howes

stored under 3 months. After 4 to 6 months the loss was approximately 20 per

cent; after 7 to 10 months, the loss became still greater — possibly 60 to 70 per

cent in some cases. Howes keep better than PZarly Blacks, and this better keeping

quality is reflected in better retention of vitamin C in storage. These results

serve to explain why MacLeod and Booher (22) found little or no vitamin C in

cranberries. Their samples had been in storage for 7 to 11 months, and the high-

est level fed was only 5 grams— an amount entirely insuflicient to protect animals

from scurvy after so long storage.

Table 2. — Effect of Storage Temperature on the Vitamin C Content of

Early Black Cranberries

Description Storage
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mosphere of nitrogen suffered but a slight decrease in antiscorbutic activity. The
dried film itself was fully protective at the estimated low level of 0.7 gram, equiva-

lent to about 8.4 grams of fresh cranberries. This represents a loss of about 35 per

cent. Film manufactured by the same process with no effort to exclude oxygen

lost 65 to 70 i)er cent of the vitamin C.

Table 3. — Vitamin C in Dehydrated Cranberries

Number Amount Fresh Gain or Survival Scurvy

of fed fruit loss in period score

guinea daily equiv- weight average average

pig3 alent average

Grams (hams Crams Days

Evaporated cranberries 0.83

42

8.3

4.2

-110

-88

Cranberry film (pulped and

dehydrated in air)

+ 164

+ 3

90

90

Cranberry film (pulped and

dehydrated in nitrogen)...

*Discontinued.

(3

1^

1.5

1.0

+ 118

+ 333

+ 119

30*

90

00

1*0 60

In Days

Figure ."?. — Vitamin C Content of Dehydrated Oanberries

Product tested

1 Cranberry film prepared under nitrogen

2 Raw cranberries

3 Cranberry film prepared under air

4 Cranberry film prepared under nitrogen

5 Cranberry film prepared under air

6 Evaporated cranberries

7 Basal Ration only

(rams fed
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Cranberry Juice

Cold-pressed cranberry juice was equal to the fruit in vitamin C content and

when boiled in an open vessel for two minutes showed no loss. However, when

either this or heat-extracted juice was bottled and pasteurized, there was very

little retention of the vitamin C. This was true regardless of whether the juices

were sweetened or unsweetened, or sealed in the bottles with or without vacuum.

The two cranberry-juice cocktails which were examined were manufactured by

heat extraction methods and likewise showed almost complete loss of vitamin C.

A cocktail was prepared from cold-pressed juice and pasteurized, but this was like-

wise devoid of any appreciable antiscorbutic property.

Table 4. — Vitamin C in Treated Cranberry Juice and Cocktail

Method of

preparation

Cold-pressed juice

Boiled 2 minutes

Pasteurized 20 minutes at

160°F

Sweetened and pasteurized

Vacuum sealed and pas-

teurized.

Heat-extracted juice

(3
Pasteurized

Vacuum sealed and 3

pasteurized.

Cranberry juice cocktail

Exchange's recipe

Exchange's recipe, modified

:

Hot pressed 2

Cold pressed 2

Commercial •{ 3

Plus 5 g. sugar.

Number
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Cranberry Sauce

Since the greater proportion of cranberries are consumed in the form of cran-

berry sauce, a more extensive investigation of this i^roduct was carried out. The

data are presented in Table 5 and Figure -S.

Table 5. — Vitamin C Content of Cranberry Sauce

Method of Preparation
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Figure 4 Fijiure"5
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Whole-fruit cranberry sauce prepared in small amounts according to much
used recipes (1,23) was found to retain approximately 80 per cent of the vitamin

C of the cranberries. In order to make it more palatable to the animals, whole-

fruit sauce was prepared without sugar, and the same percentage loss occurred.

The time of adding sugar did not alter the results. (Commercially packed whole-

fruit sauce contained little vitamin C. Samples of two years' packs were assayed,

one showing complete destruction and the other a 30 to 40 per cent retention.

Hot-strained cranberry sauce (1) retained a small part of the original vitamin C
of the cranberries — possibly 20 per cent. However, five samples of strained sauce

prepared by commercial methods retained only traces of vitamin C. Three of

these samples were obtained from leading cranberry-sauce manufacturers; the

other two were prepared in this laboratory.

One sample of strained sauce was prepared by cooking the cranberries to soften

them, cooling, pulping, adding the sugar, and packing in one-pound waxed-paper

cartons. The cartons were frozen at -30° F. and stored at 0° F. This sample

retained only 10 to 15 per cent of the original vitamin C content of the cranberries.

Summarizing, whole-fruit sauce retains fully three-fourths and strained sauce

less than one-fourth of the vitamin C of the fruit. Pulping has a decidedly harm-

ful effect upon the antiscorbutic property of cranberries.

Cranberry Jelly and Candy Filling

Table 5 shows that true cranberry jelly is practically devoid of vitamin C, the

experimental animals living but little longer than the controls. The guinea pigs

very much disliked this sticky sweet product and they were force-fed only with

difficulty.

Cranberry candy filling, consisting mainly of finely chopped cranberries packed

in glass jars without heat treatment, showed only very slight antiscorbutic activity.

If the fresh berries were chopped and used immediately for candy filler, no doubt

a much higher percentage of the vitamin C would be retained.

Vitamin A

The technic developed by Sherman and Burtis (37) and Sherman and Munsell

(36) was used in this investigation. Litters of young rats, 28 days old, were placed

on a vitamin A-free diet consisting of vitamin-free casein 18, salt mixture 4, ir-

radiated dried brewers' yeast 10, sodium chloride 1, and cornstarch 67 parts.

When the body stores of vitamin A were depleted, the rats were placed in individual

cages and fed the vitamin A-free diet supplemented by finely ground dehydrated

cranberries which were substituted for an equal weight of starch in the diet.

One rat from each litter was continued on the vitamin A-free diet as a negative

control. Accurate records were kept of the quantity of food consumed and of the

weight of the animals. On death or at the termination of the experimental period

of 42 days, the rats were autopsied and carefully examined for lesions characteris-

tic of vitamin A deficiency. The data are presented in Table 6.

It is apparent that the quantity of cranberry required to produce unit growth of

3 grams per week is probably slightly over 0.5 gram daily or 8 per cent of dried

cranberry in the diet. This would place the vitamin A content of fresh cranberries

at about 0.2 unit per gram. These deductions do not allow for possible vitamin A
losses during the drying process; hence it is possible that raw cranberries may be

richer in vitamin A than is indicated in the dried product. Recent findings (16)
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indicate that losses do occur during <lrying and storage. I'ruits comparable to

cranberries in vitamin A content are apples, orange juice, and peaches (38).
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in the diet, replacing; an equal weight of stairh. Accurate records were kept of

the weight of the aiiinials aud of the food consumed. The data are presented in

Table 8.

Table 8. — Vit.\min G (B2) in t'R.\N berries

Dried
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Evaporated whole cranberries were very deficient in vitamin C. Dehydrated

cranberry pulp (film) when prepared in an atmosphere of nitrogen gave full pro-

tection from scurvy at the 0.7 gram level, equivalent to a retention of 65 per cent.

Fresh or boiled cold-pressed cranberry juice with or without added sugar was

nearly equal to the fruit in vitamin C content. However, when either cold-pressed

or heat-extracted juice was bottled and pasteurized, most of the vitamin C was

lost. Vacuum sealing of the bottles did not aid in retaining this vitamin.

Whole-fruit sweetened cranberry sauce prepared by several formulas retained

75 to 80 per cent of the fruit's vitamin C. On the other hand strained sauce usual-

ly retained less than 20 per cent. The pulping or straining process had a decidedly

deleterious effect upon the antiscorbutic vitamin.

When clear cranberry juice was made into jelly, the latter contained no signifi-

cant amounts of vitamin C. Similarly, cranberry candy filling was very low in

vitamin (".

Dehydrated cranberries contained 2 iniits per gram of vitamin A. Assuming

that no loss occurred during dehydration, fresh cranberries would thus contain at

least 0.2 unit per gram.

No significant amounts of vitamins B (antineuritic) , D (antirachitic), and G
(antipellagric) were found in cranberries.

In conclusion it is.clear that handling and manufacturing methods may greatly

alter the nutritive value of cranberries and cranberry products.
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Figure 1 . — For almost a century tobacco has been the principal cash crop of Connec-
ticut Valley farmers. The crop is at its best on the well-drained alluvial soils as shown
here, and under a continuous cropping system.

Figure 2. — Commercial fertilizer supplemented with manure has produced the best

quality of tobacco, and the yield has been second best.

Left foreground: Tobacco grown continuously with fertilizer and manure, but no

cover crop.

Right background : Timothy lor clover hay) and corn; part of the animal-husbandry

rotation. This combination produced tobacco of poor quality an<l low yield.



THE EFFECT OF CERTAIN CROPPING SYSTEMS ON
THE YIELD AND QUALITY OF HAVANA TOBACCO

By A. B. Beaumont, Professor of Agronomy, M. E. Snell, Technical Assis-

tant in Agronomy, and E. B. Holland, Research Professor of Chemistry'.

Introduction

The earliest New England colonists learned from the American Indians how to

grow a number of native American crops including maize and tobacco. Although

tobacco was no doubt grown in a small way throughout the colonial period, it did

not become a commercial crop in Massachusetts until about one hundred years

ago. Smith (17) set the date of commencement of extensive cultivation of tobacco

in this State at 1835, when the farmers of the Connecticut Valley found that the

soil of this region was well adapted to the production of a very fine leaf for the

manufacture of cigars.

All the commercial tobacco produced in Massachusetts is now grown in the

Connecticut Valley. Total production in this State rapidly increased from less

than 100,000 pounds in 1840 to almost 7,000,000 pounds at the close (1864) of the

Civil War (10.) With more or less fluctuation there was a gradual decline in

production to about 3,000,000 pounds in 1895-96, a period of rather low prices.

Then followed, with a return of better prices, a gradual expansion of acreage and

consequent increase in production. The maximum production recorded to date

was 15,500,000 pounds grown on 10,000 acres in 1920. From 1920 to 1930 there

was a gradual decline in acreage and production, and from 1930 to the present

(here has been a sharp reduction in acreage, production, and price. In 1929,

11,600,000 pounds of tobacco valued at $4,941,600 were produced on 8,000 acres.

Early Practices in Tobacco Growing

\\'hen tobacco culture was introduced into the Connecticut Valley a variety of

crops necessary to a self-sufificient agriculture was grown. Chief among these

were grass, maize, oats, meslin (peas and oats), rye, wheat, broom corn, hops,

barleyand buckwheat. It was natural that there should be some rotation of these

crops with any newly introduced crop such as tobacco, and this appears to have

been the case. In early reports of the Board of Agriculture rotation of tobacco

with other crops is implied, and Stockbridge (18) in a paper on crop rotation pre-

pared in 1869 definitely points out that wheat and clover should be grown in the

.same rotation. A rotation consisting of tobacco (2 yrs.), wheat, clover, and grass,

was recommended. The beneficial effect of the tobacco and hay crops on the

wheat appears to have been fully as important in the minds of the growers as the

benefits accruing to the tobacco.

Again, Smith (17), writing in 1882, mentions the practice of rotation of tobacco

and the value of the rotation to the succeeding crops. He also points out the

benefit of a certain amount of continuous culture of tobacco. "In the first place,

I would prefer land upon which tobacco has grown the two years previous : — I

would not grow tobacco more than three or four years in succession on the same

piece, for the reason that I wish to grow this crop in rotation over the whole farm

'Credit is given Dr. J. P. Jones, formerly Research Professor of Agronomy, for careful super-

vision of the field work reported in this bulletin, for the period 1924-1929, inclusive.
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and prepare (lie land lor bonntil'nl crops of srain and grass to follow,---." Ap-

parently, root-rots of tobacco were not known or were of no conseqnence In the

Connecticut Valley in those days (1S82).

A generation later, with expansion of acreage, growers were coming to feel that

they could not afford to rotate tobacco w^ith other crops because of the much lower

return. However, some rotation of tobac(~o was practised. Root-rot diseases

were becoming common. Jenkins (11) in discussing the fertility problem in 1906

stated that some cropping system should be practiced which would permit more

organic matter to be incorporated in the soil. "1 believe a certain amount of

rotation would be of great advantage to us if we could afford it. .\t any rate, I

think, either liy cover crops or catch crops, or manure we should get more vegetable

matter into our tobacco soils." However, "down in Connecticut they say tobacco

improves the longer you grow it; a lot 40 years old raises better tobacco than at

first." Jenkins also stated, "it is a tradition that you get poor tobacco after corn,"

but cases were known w here excellent tobacco was grown after this crop.

Records show that manure was the principal fertilizing material used in the

growing of tobacco in this section for the first 50 years of its commercial culture.

This was supplemented more or less with such commercial fertilizers as were ob-

tainable. For e.xample, Lathrop and Stockbridge C15) in 1862 recommended

"at least 10 cords (25-30 tons) of good manure with 200 pountls of plaster sown

on after it (manure) is spread." Smith (17) in 1882 reconmiended the use of

25 cartloads of manure broadcast supplemented by 12 to 15 cartloads of manure

compost strewn in the furrow just prior to setting tobacco. He also cites the rec-

ord of a farmer who used 5 cor Is (12.5-15 tons) of manure supplemented with 1

ton of commercial fertilizer, and another who used no manure at all but 1.5 tons of

tobacco stems and 800 pounds of groimd bone. During the past 50 years, with a

less varied agriculture and consequent diminishing supply of stable manure, this

material has been used less and commercial fertilizers more. Many Connecticut

X'alley farmers now depend entirely on commercial fertilizers for tobacco culture

and use 3000 to 4000 pounds per acre.

4"he use of cover crops in tobacco culture appears to have been started at about

the turn of the century. Largely on the basis of theory it was argued that by some

means organic matter should be supplied to take the place of the diminishing

manure supply. Since tobacco was most conunonly grown in continuous culture,

cover crops offered the best means of doing this. In addition to any possible soil

fertility value they were known to serve a useful purpose in checking wind and wa-

ter erosion of the soil and in conserving plant nutrients against loss by leaching.

The small grains, particularly rye and vetch were first used, followed later by a

quite extensive use of timothy.

Is the Yielii of Tobacco Decreasing?

lor the past decade or two tobacco farmers of Massachusetts ha\e rather gener-

ally believed that the level of production of tobacco per acre has been declining.

This question was treated with considerable detail by Chapman (7) in 1920. His

conclusion w-as that there was at that time "no justification for the statement that

the yield of tobacco of Massachusetts fields has been decreasing gradually for the

past ten years; but on the contrarj', in spite of the exceedingly low yield of 1915

the calculated average is being maintained." The calculated average was that

for the period 1870-1910, namely 1580 pounds.

In view of the generally prevailing notion of declining yields, it is worth while to

consider the bearing on this question of yiekl data accumulated within the past
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decade. In Table 1 are uiven yield averages for the seven decades between 1860

and 1930, calculated from figures given by Hendrickson (10). In attempting to

analyze these data, it should be remembered that the figures are only close

estimates subject to the limitations of all such figures collected by the crop report-

ing service. However, they are the only official figures available for the area

considered and probably accurate enough for the pnrpose in mind.

Tari.e 1 — AvER.\GE Yield of Tob.\cco in Massachusetts by 10-Year Periods*

Average

Period Yield

1862 - 1869, except 1866 1256

1870 - 1879, except 1877 1505

1880 - 1889, except 1889 1486

1890 - 1899, except 1890, '91, '92, '94, '97, '98, and '99 1623

1900 - 1909 1679

1910-1919 1558

1920 - 1929 l.«5

*Hendrickson, C. I. A history of tobacco production in New England. Conn. (Storrs) Agr.

E.xpt. Sta. Bui. 174. 1931.

It will be seen from the table that there was a rather gradual increase in yield

lip to the first flecade of the present century, smce which time there has been a

decline^. The data support the general opinion among farmers that yields have

been declining. This decline is especially obvious when recent decades are con-

sidered in comparison with the peak of production of the period 1900-1909, rather

than with the mean of the period 1870-1910. The former would seem to be a

better basis for comparison than the latter because there was considerable variation

in cultural practices during the period 1870 - 1910. It was within the latter part

of that period that continuous culture of tobacco and a more intensive use of

fertilizers became common, both practices tending to increase yields.

Chapman (7) concluded from his study of meteorological data for the period

1901-1917 that "excessive seasonal rainfall is invariably followed by a reduction

in yield independent of temperature," but that subnormal rainfall may or may not

reduce yields, depending on accompanying temperatures and how far below nor-

mal the rainfall is. Data accumulated since 1917 appear in general to support

these contentions, but there are some exceptions. The close relationship between

heavy rainfall and low yields appears pretty well established by the data of the

past few years. This is especially interesting and probably significant in view of

the belief that the root rots of tobacco have become more prevalent in this section

in recent years and that the root-rots are largely the cause of declining yields.

This phase of the subject will be discussed later.

Cropping Systems Studied

The principal objective of the experiment was to determine the effect of certain

cropping systems on the yield and quality of tobacco. The crops selected were

among those grown more or less in the Connecticut Valley, and the combinations

were either used by farmers or advocated by certain agricultural leaders.

The cropping systems studied may be classified into three general groups:

'Havana seed tobacco was introduced into the Connecticut Valley about 1870, and this type

gradually and almost entirely displaced Broadleaf in Massachusetts. Shade tobacco began to assume
importance in Massachusetts in 1915 when 586 acres were grown. While the shift of growers from

one type to another, or the temporary increase of acreage of a given type, may have influenced the

average yields, the trends indicated in Table 1 appear to have been due largely to other factors.
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first, tobacco grown continuously without a cover crop; second, tobacco grown
continuously with a cover crop; and third, tobacco grown in a short rotation.

The combinations used in the main experiment were:

Tobacco grown continuously:

1. No cover (check)

2. Manure
3. Manure and timothy cover

4. Timothy cover (old series)

5. Timothy cover (new series)^

6. Timothy cover (residual)^

7. Red top cover

8. Rye cover

Tobacco grown in rotation

:

9. With corn (maize) and timothy (.A.nimal husbandry rotation)

10. With corn (maize) and clover (Animal husbandry rotation)

1 L With potatoes and onions (Cash crop rotation)

In addition there were certain other combinations in a supplementary experi-

ment running from 1924-1929 which will be described later. Cover crops were

sown on a seed-bed prepared by disking the soil immediately after cutting tobacco,

at the following rates: Timothy, 25 pounds per acre; red top, 20 pounds peracre;

and rye, 1.5 bushels peracre.

The Soil Used

The soil on which the experiment was conducted is considered good for tobacco

growing, but not the best of the upper Connecticut Valley. It is a water-worked

glacial till, and not so productive as some of the deeper alluvial deposits of this

section. The surface soil has a medium texture, isclassifiedasa fine sandy loam or

loam, and is fairly retentive of moisture. At a depth which varies from almost

nothing to about fifteen inches it is underlaid by coarse gravel three feet or more

deep. The fine-earth (below 2mm) portion of the soil contained 11.2 per cent

fine sand (0.25-0.10 mm), 33.8 per cent very fine sand (0.10 - 0.05 mm), 42.5 per

cent silt (0.05 - 0.005 mm), and 8.5 per cent clay (0.005 mm and smaller). The

initial reaction of the soil was about pH 5.2 and the organic-matter content at

the beginning of the experiment was 2.72 per cent. The efTect of the cropping

systems on these soil characteristics will be discussed later.

This experiment began with the crop of 1924, although tobacco was grown on the

field in 1923. For about fifteen years previously a variety of crops, including

asparagus, onions, potatoes, squash, corn, and strawberries, was grown. All

these crops were well fertilized.

The Fertilizer Used

The experiment did not involve any question concerning fertilizers except that

of supplying a uniform material in general conformity with the best practice of

the growers of the region. Throughout the period of the experiment a 5-4-5 mix-

ture was used. Due to differences between guaranteed and actual analysis of the

fertilizer ingredients used, there was some variation from the standard from year

'In 1928 the growth of timothy as a cover crop was discontinued on five plots where it had been

grown from 1924-1927; and from 1928-1931 the residual effect of the timothy was studied on these

plots. At the same time the use of timothy as a cover crop was started on five plots where it had

not been grown previously.
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to year. Also, there was a variation in the ingredients nsed in the mixture during

the period of the experiment. For example, in the first year cottonseed meal

furnished 70 per cent of the total nitrogen, and in subsequent years about 50 per

cent. There were variations also in the kind and proportions of the carriers of

inorganic nitrogen and in the quantity of fertilizer, 3000 pounds per acre having

been used during the period 1924 - 1927 and 3500 pounds during 1928 - 1931.

These variations could cause dirterences only in the whole experiment from year

to year or period to period, but could not be considered as causes of differences

within the experiment for any one year, since a uniform fertilizer treatment

was given all plots with a few exceptions noted later. Detailed data of fertilizer

mixtures are given in Table 2. Figures for nitrogen and phosphoric acid .express

the total quantities of these elements.

Table 2 — Total Nutrients Applied in the Different Cropping Systems.

(Pounds per Acre)

Nitrogen (N) Phosphoric Acid (PjOj) Potash (KjO)

Year
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Discussion of the Results of tlie Experiments

The correct interpretation of the results of field experiments such as are reported

in this bulletin is extremely difificult. Unavoidable variations in soil and climate

are the most stubborn factors the agronomist must deal with in the interpretation

of his results. Every feasible device must be used to obtain a reasonable degree of

assurance that the differences in results are due to the treatments considered

instead of to chance variation in soil, climate, or some other variable. The effects

of soil variation can be reduced but not eliminated by the replication of plots

given a certain treatment; likewise, chance variation due to climate can be reduced

by repeating the experiment a sufficient number of years to give a fair sample of

the climate. This experiment is concerned with the eftect of different cropping

systems on yield and quality of tobacco.

1 . Effect of Cropping Systems on Yield

In Tables 8-18 are given the yields and grades of tobacco grown under the differ-

ent cropping systems. For convenient comparison the results are summarized

in Table 3 and averaged for the different periods. I^^air comparisons can be made

only among results of treatments which coveretl the same period. Thus, the

treatments "continuous tobacco: no cover (check)," "manure," and "timothy

cover" ran the entire course of the experiment.

It will be seen from the table that for each of the pcrio Is the manure treatment

yielded more tobacco than either of the others. Further, timothy cover yielded

slightly less than no cover or check for the periods 1924-1927 and 1924-1931, but

slightly more for 1926-1931, and considerably more for 1928-1931. 'i'his indicates

a recovery in the latter part of the experimental period from the inhibiting effect

of timothy shown in the first part of the period and reported by Jones (13). The
figures for all treatments show that red top cover produced the most pounds of

tobacco for the period 1926-1931 and likewise for the period 1928-1931. Rye was

slightly superior to timothy as a cover for 1926-1931, but the relation was reversed

for 1928-1931.

It will be observed that there is little ilift'erence between some of the average

yields cited. The question naturally arises as to what significance attaches to the

differences. How much higher nmst one average yield be than another to be

significant? A statistical study4 has been made of the results, which throws some

light on the question. By replicating plots of the same treatment several times,

and by conducting the experiment for several years, the probable error of a single

plot has been reduced to less than 5 per cent, and the probable error of the mean
(average) to less than 1.5 per cent, both expressed as percentages of the mean.

This means that there must be a difference of about 6 per cent or about 95 pounds

before one average can be considered as significantly greater or less than the other.

In other words, differences in averages much less than 95 pounds, for the period

1926-1931, may be due to chance variation instead of to the treatment in question.

By this criterion the average yields from red top cover and manure are the only

ones sufficiently near the requirement to make it reasonably certain that the

difference is due to the treatment instead of to chance. For the same period,

yields from no cover, timothy cover, and rye cover are so close that no particular

significance can be attached to the differences.

The yields of tobacco from the two rotations are so much below those of the

(heck that there is lit lie question about the significance of the difTcrences, although

*See appendix for note on method of statistical interpretation.
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since there were only duplicate treatments the results cannot be treated statisti-

cally. It will be noted that yields from the two animal-husbandry rotations were

particularly low, with clover the lower. These results will be discussed later in

connection with brown root-rot. The results from those treatments which ran

for the period 1928-1931 only, can be considered mainly only in the light of show-

ing trends. These trends correspond rather closely with the results from similar

treatments for the longer period.

Table 3 — Average Grade Index, Yield, and Crop Index of Tobacco Grown
Under Different Cropping Systems.

Cropping system 1924-1927 1928-1931 1924-1931 1926-1931

Grade Index

Continuous Tobacco:

No cover (check) .319 .399

Manure 346 .419

Manure and timotliy cover .... .413

Timothy cover (old series) .307 .398

Timothy cover( new series) .... .394

Timothy cover (residual) .... .394

Red top cover .367* .408

Rye cover 372* .403

Rotation Tobacco:

With corn and timothy .20.St .3061:

With corn and clover .... .3151

With potatoes and onions .284 .348**

Yield (Pounds per Acre)

Continuous Tobacco

:

No cover (check) 1442 1610

Manure 1492 1711

Manure and timothy cover .... 1674

Timothy cover (old series) 1301 1686

Timothy cover (new series) .... 165

1

Timothy cover (residual) .... 1608

Red top cover 1604* 1 743

Rye cover 1577* 1647

Rotation Tobacco:

With corn and timothy 99St I 300:;:

With corn and clover .... 1257 J

With potatoes and onions 1330 1414**

C;rop Index

Continuous Tobacco:

No cover (check) 467.7 650.3

Manure 524.3 727.0

Manure and timothy cover 696.1

Timothy cover (old series) 410.9 676.8

Timothy cover (new series) 658.0

Timothy cover (residual) 644.4

Red top cover 588.6* 716.7

Rye cover 586.6* 669.5

Rotation Tobacco:

With corn and timothy 202.8t 402.9t
With corn and clover I()0.4{

With potatoes and onions 383. .S 1<)3.()**

* For 1926 and 1927. § 1926 and 1929 oniided.

t 1926 omitted. **For 1928 and 1929.

t 1929 omitted. 1 1 For 1924 - 1929.

359

383

1526

1602

1149§

1372tt

.390

.413
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2. E fleet of Cropping Systems on Quality

Two measures of quality have been employed in this project — commercial

grading and the burn test. The percentage of the different grades of tobacco grown

under the several cropping systems are given in Tables 8-18. The percentages

have been combined by a method described in the appendix into a numerical

expression known as the "grade index." Thus, the superior grading quality of

tobacco sorting out high percentages of "lights," "mediums" or "seconds" is shown

by this index. Compare, for example, the percentages of the different grades in

the crops grown with manure and in rotation, Tables 9 and 16 or 17, with the grade

indexes for those crops. The product of the grade index by the crop yield gives a

single numerical expression known as the "crop index" which combines yield and

grading quality. Grade and crop indexes are summarized in Table 3.

Commercial tobacco grading as practiced in the Connecticut Valley cannot be

reduced to an exact science. No two graders will grade a given lot of tobacco in

the same way. Since there were three different grading supervisors in the course

of the experiment, some of the differences in percentage of grades may be attribu-

ted to the different personalities. Perhaps a more important factor affecting the

variation in quality from the same treatment is that of climate. For example, in

1930, a year of low rainfall, both grade and yield were exceptionally high; whereas

in 1929, a year of exceptional drought, and in 1928, a wet season, the quality was

poor. The grade index was generally better for the period 1928-1931 than for

1924-1927, which may be attrilnited in part to the larger application of fertilizer

in the period 1928-1931.

Continuous tobacco with fertilizer and manure produced the best quality of

tobacco, as shown by a higher grade index for this treatment for every period in

which a direct comparison with other treatments may be made. Red top cover

gave a grade index slightly better than the other cover crops, but the difference is so

slight that it is probably no more than a chance variation. The quality of the

tobacco from the three rotations was decidedly poor. The effect of the different

treatments on the percentage distribution of the different grades is shown in

Tables 8-18, and on the length of leaf within the different grades in Table 24 of

the appendix. Since the manure treatment gave the best grading quality of to-

bacco, one may set up as a standard at which to aim, the average percentage dis-

tribution of the grades of this crop as shown in Table 9.

Since the crop index combines grading quality and yield into a single number,

particular attention should be given the crop indexes given in Table 3. Here it will

be seen that continuous tobacco with fertilizer and manure gave the best net result.

This means that the farmer would get a better financial return from tobacco grown

with this treatment than with any other studied, if due consideration were given

to quality by the bu\er. Although the yield was slightly better with red top

cover than with manure \\ ithout a co\er, the superior quality of the tobacco grown

with the manure raised its crop index above that from red top. The differences

of both these treatments from the check are sufficiently great to be significant, but

the indexes for rye and timothy cover are not significantly higher than the check.

The crop indexes of tobacco from the rotations are definitely low, and the others

are in line with previous statements.

3. Effect o] Cropping Systems on Broii'u Root- Rot of Tobacco

Root-rots have been known to exist on tobacco grown in the Comiecticut Valley

since the latter part of the last century. It has been observed that they were

associated with, if not the cause of, low yields in individual cases, and some have
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suggested that the root-rots have been the main cause of the diminished level of

yields of the past decade or two. The cause and remedy of black root-rot of to-

bacco are now pretty well understood. However, little is known about the cause

and remedy of the so-called brown root-rot.

There are two schools of opinion regarding this disease or condition. The one

claims that it is caused by a specific parasite which attacks the root; the other is of

the opinion that a soil condition is the cause. The soil condition may be that of a

deficiency of a given nutrient or special form of it, or the presence of a plant to-xin.

One of the great difficulties encountered in the study of the nature and cause of

brown root-rot is the lack of definition of the disorder and the Inability to detect

its presence with certainty. It appears likely that there may be several possible

causes of brown roots of tobacco. For example, Jones (1-1) has shown that soluble

aluminum, and Beaumont (5) that ammonium compounds, may cause the roots of

tobacco to turn brown or dark in solutions. Doran (8) has shown that timothy

infusions in certain stages of decomposition may cause a brown root-rot. More-

over, it appears that normal, healthy tobacco roots may become slightly brown

without deleterious effects on growth. A systematic examination of the roots of

tobacco grown in this experiment showed that what would ordinarily be diagnosed

as brown root-rot was nearly always present to some extent in the tobacco regard-

less of treatment. Tobacco grown in the animal-husbandry rotation showed the

highest percentage of infection, but it was relatively low for tobacco grown con-

tinuously with no cover. In the rotation including clover there was a higher

percentage of brown roots than in that with timothy. Brown roots were found on

48 per cent of the plants grown with red top and rye covers and on 60 per cent of

those with timothy cover. These figures should be considered as estimates only,

because of the difficulty of diagnosing the conditions. The results of root examin-

ations are summarized in Table 4.

Table 4 — Percentage of roB.\cco Roots Showing PreseiNxe of Root-rots*

(Average for 1925-1931)

Black Brown
root-rot root-rot

Continuous Tobacco:

No cover (check) 17 27

Manure 19 29

Timothy cover (old series) 5 60

Red top cover 6 48

Rye cover 11 52

Rotation Tobacco:

With corn and timothy 84

With corn and clover 100

With potatoes and onions 9 55

*A11 roots showing any appreciable ninoiint of root-rot were counted. The above figures indicate

the average fiercentage of infected roots, but not degree of infection.

In severe cases of brown root-rot, portions of the (obacco plant above the ground

show characteristic symptoms. From two to three weeks after growth starts

the plants begin to lag behind unaffected plants in growth. The leaves develop

a darker green color than is shown by normal plants. The lower leaves develop

slowly compared to the new growth, and the plant appears spindling or slender.
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Towards the end of the growing season, there is usually more or less recovery

from these conditions. The final results of the malady are reflected in the low

yields and poor quality of the crop. In these experiments brown root-rot has

been slightly more severe following clover than following timothy in rotation.

4. The Effect of Tobacco and Other Crops on Each Other

The effect of certain other crops on the yield and quality of tobacco when grown

in rotation with it has been discussed. Any rotation suitable for tobacco should

give at least fair returns of the other crops. In Table 20 are given the yields of

all the crops grown in the cash-crop rotations. The yield of potatoes was rather

variable from year to year. This can be explained partly by seasonal variations

and partly by the fact that there were only duplicate plots of each treatment,

which was too few to take care of differences in soil. Nevertheless, with an

average yield of 268 bushels of marketable potatoes, the evidence is strongly in

favor of the conclusion that potatoes may be expected to do well in rotation with

tobacco in the Connecticut Valley. For both crops the reaction of the soil should

not be above pH 5.5, because above that point potatoes may become infected

with common scab (Actinomyces scabies Thax.), and tobacco with black root-rot

{Thielavia basicola (B. & Br.) Zopf.).

Additional evidence bearing on the question of the effect of potatoes and

tobacco on each other when grown in the same rotation was obtained from a

supplementary field experiment in which tobacco was grown alternately with other

crops. For checks, each of the crops was grown continuously on an adjacent plot.

In one series of plots, tobacco, onions, and potatoes were thus grown; and in the

other, tobacco, corn, and hay were grown. This experiment differed from the

rotations previously described in that the crops were grown either continuously

or in alternating pairs. There was no rotation of the three crops. The experi-

ment ran six years, but the first year's results are not taken into account because

one year was needed to establish the desired conditions. Since there was only a

single plot for each treatment, except for tobacco which was duplicated, the results

may be considered mainly as showing trends. (See Table 23.)

Here again, the results indicate that potatoesand tobaccodoabout as wellasany

of the combinations studied. Continuous tobacco appears to have a slight ad-

vantage over the tobacco-potato combination, but potatoes did slightly better

following tobacco than in continuous culture.

Onions did poorly in rotation with potatoes and tobacco, probably because of

the strong acidity of the soil in this rotation. Infestations of thrips and the pres-

ence of "blight" in some years reduced the yields to a low point. The yield of

onions was better under continuous and alternate cropping systems than in the

3-year rotation as shown by figures in Tables 20 - 23. This was probably due to

the fact that more lime was applied under the former system than in the latter.

It will be seen, also, that continuous culture of onions was better than alternate

cropping, which may be attributed to the use of more lime. Other experiments

conducted at this experiment station showed that onions have a high lime require-

ment. For best results, onion soil should have a pH value of 6.0 - 6.5.

In the so-callevl animal-husbandry rotation manure was applied to the tobacco

in such amount as would theoretically be produced from crops grown in the other

two years had they been fed to livestock, and this in addition to a normal appli-

cation of fertilizer. .As shown by Table 2 this method caused the total amount

of applied nutrients to be rather high. In addition a timothy or clover sod was

plowed under. Nevertheless, as has been shown, the tobacco was low in yield and
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poor in quality. The corn and hay crops received, with few exceptions, the standard

fertilizer for such crops. The high yield of corn in 1925 was probably due to a

double application given that year; likewise for timothy hay in 1931. Generally

the corn did well and the timothy hay poorly in the rotation. In contrast, clover

hay did much better in the same rotation (Table 22). It is believed that the

strong acidity of the soil in this rotation affected the timothy more adversely

than it did the clover. In the supplementary experiment corn did somewhat

better after tobacco and hay than in continuous culture. Hay was much better

after tobacco than after corn.

5. The Influence of Cropping System on Burn

Burn tests were made on unrolled leaves of the long dark (LD) and long second

(LS) grades of tobacco from the different treatments. These two grades together

constitute more than 50 per cent of the better-quality tobacco. Each leaf tested

was ignited with an electric hot point at two places on each side of the midrib, and

the duration of the burn determined in seconds with a stop-watch. Five leaves

were selected from each plot after the tobacco had gone through the sweating

(fermentation) process. Therefore, in case of five replicated plot treatments 100

tests were obtained for each treatment. The average results are given in Table 5.

In the tests of 1930 no burn was timed beyond 60 seconds. Prior to that time,

the duration of the burn was recorded without limit.

Table 5 —• Burn Tests on Sweated Tobacco Leaves.

(Duration of Burn in Seconds)

Cropping System 1926 1927 1928 1929 1930 Average

Darks
Continuous Tobacco

:

No cover (check) 8.2 9.4 32.5

Manure 4..S 9.7 46.7

Manure and tiraotliy cover 20.3

Timotiiy cover (old series) 6.8 9.3 36.5

Timothy cover (new series) 34.8

Timothy cover (residual) 25.7

Red top cover 9.3 12.0 27.2

Rye cover 5.3 8.8 26.9

Rotation Tobacco

:

With corn and timothy 4.7 12.7

With corn and clover 18.2

With potatoes and onions 6.1 5.0 23.2

Second.s

Continuous Tobacco:

No cover (check) 13.1 26.1 6U.6

Manure 11.7 25.6 63.0

Manure and timothy cover 96.0

Timothy cover (old series) 9.2 12 9 48.7

Timothy cover (new series) 48.

1

Timothy cover (residual) 48.3

Redtopcover 15.5 22.5 48.5

Rye cover 9.2 19.2 47.4

Rotation Tobacco:

With corn and timothy 23.7 313
With corn and clover 30.5

With potatoe.= and onions 6 5 7.8 45.0

These averages not strictly comparable with those for the longer periods.

11.0
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The results indicate a fair degree of correlation between the burning quality

and grading quality of the tobacco as influenced by cropping system. Manure has

given the longest average burn, closely followed by no cover and the several cover

crops. Tobacco from the rotations had a definitely short duration of burn. As

will be brought out later in the discussion of the effect of cropping systems on

soil conditions, nitrates accumulated in the greatest amount where manure was

used, and this maj' account in part for the long burn shown by tobacco from this

treatment.

From the standpoint of seasons it is interesting to observe that the longest burn

for all treatments was obtained in 1928, a year of heavy rainfall, low yield, and

poor grading quality. A possible explanation of this relationship lies in the

correlation which Anderson and others (2) have pointed out between wet seasons

and the potash content of tobacco leaf on the one hand, and potash and fire-hold-

ing capacity on the other.

6. Effect of the Cropping Systems on Soil Conditions

In Table 6 is shown the effect of the cropping systems on the reaction of the soil.

The reaction was determined on air-dried samples taken at the beginning of the

experiment and in 1932. The results are as would be expected from theory. In

general, the continued cropping of soil without the addition of lime or organic

matter may be expected to make it more acid because basic materials are removed

faster than acidic, both by the crop and through leaching. Continuous culture of

tobacco without a cover crop caused the reaction to drop (become more acid)

0.5 pH unit. With cover crops and manure, probably because of the ash residue

of the organic matter, the change was 0.2 to 0.4 of a unit. Likewise, the rotation

with corn and timothy lowered the reaction only 0.,3 unit. In the cash-crop rota-

tion a total application of 2 tons of limestone off'set a decrease due from cropping,

and in addition raised the reaction 0.2 unit.

Table 6 — Effect of Cropping Systems on Soil Reaction*

. (Reaction pll)
Contmuous lobacco: Initial Final

No cover (check 5.3 4.8

Manure 5.0 4.7

Manure and timothy cover 5.3 5.0

Red top cover 5.2 4.8

Rye cover 4.9 4.7

Rotation Tobacco:

With corn and timothy 5.3 5.0

With potatoes and onionsj 5.2 5.4

Determined on air-dry soils with potentiometer using qiiinhydronc and saturated calomel half-

cell. 1 part of soil mixed with approximately 2 parts water.

tThis rotation was used 1923-1929; changed to tobacco, corn, and timothy in 1930.

Since many of the students of the problem of decreasing productivity of certain

Connecticut Valley tobacco soils suggested as a remedy practices which would add

more organic matter to the soil, it was decided to determine the effect of the differ-

ent cropping systems studied on the content of soil organic matter. Organic

carbon was determined by a wet-combustion method, and organic matter was

calculated. Analysis was made of composite soil samples representing the several

treatments drawn at the beginning of the experiment and at the close of the

cropping season of 1932. The results are given in Table 7. It will be seen that the
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different cropping systems produced little or no effect on the content of soil organic

matter. Certain differences between the initial and final organic matter content

of soils under different treatments will be noted, but lack of consistency in most of

them suggests that the differences shown may be due to little, if any, more than

chance. The organic matter has not been materially affected where no means of

maintaining it have been employed, as shown by the no-cover or check plots.

Likewise, the use of a rye cover has maintained the organic matter. There is con-

sistent indication of an upward trend of organic matter content wherever timothy

has been used either as a cover or as one crop of a rotation. A slight increase is

to be noted for clover in rotation. On the other hand, a downward trend is indi-

cated with red top cover and manure.

T.\Bi.E 7 — Effect of Cropping Systems on Organic Matter* in Tobacco

Soils.

(Average percentage of organic matter basetl on oven-dry weiglit of soils)

Organic Matter

Treatment 1923 1932

No cover 2.45 2.36

Manure 3.02 2.81

Manure and timothy cover 2.66 2.96

Timothy cover 2.64 2.96

Rye cover 2.45 2.49

Red top cover 2.87 2.75

. ^ . ^ > old 2.38 3.14
Rotation with timothy - ^ ,. - .^

) new 2.65 3.45

) old 2.83 2.90

Calculated from organic carbon using factor 1.724.

Rotation with clover f -, rv-, t innew 3.03 3.1U

In discussing the question of the value of organic matter in a cropping system,

consideration should be given to the type of organic matter determined and

changes which it may have undergone in the soil. As usually determined, and as

was done in this experiment, soil organic matter consists of the more stable and

less active forms of carbon compounds. Succulent cover crops, crop residues, and

animal manure decompose comparatively rapidly in soils having optimum mois-

ture, good aeration and a temperature such as prevails during the summer months

in this region. Cultivation of the soil serves to hasten the process. It may be

expected that moderate quantities of organic matter added to the soil in the form

of cover crops, crop residues, or fertilizer will largely di-sappear in the course of one

season; and this is what the data appear to have proved. What has been deter-

mined is the relatively inert, stable organic matter remaining in the soil, and not

the intermediate decomposition products which may or may not have been

beneficial.

It does not necessarily follow, therefore, that since a given addition of organic

matter has not materially changed the quantity of stable organic matter that it

has not been beneficial or detrimental. It appears that both effects have been

demonstrated in the cropping systems studied. Red top cover has produced

both a high yield and good quality of tobacco. Timothy cover has only slightly

improved yield and has had no effect on quality. Tobacco grown in rotation with

timothy has been poor in both yield and quality, but here there is a complication
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due to the presence of corn in the rotation. How can the difference in the effects

of red top and timothy be explained? The answer possibly lies either in the rate

of decomposition or the nature of the decomposition products of the two grasses.

The data obtained indicate but do not prove that red top decomposes more
rapidly than does timothy. Possibly certain toxic products result from timothy
which do not arise from red top, or they exist longer in the soil. Or considered

from the positive side, certain beneficial products may be produced from red top

which do not come from timothy, or they may be produced in greater quantity,

or persist for a longer time. A similar line of reasoning may be applied to a

comparison between some of the other cropping systems and the use of manure.

It has been shown by earlier investigations at this experiment station reported

elsewhere (4) that the nitrate form of nitrogen was the most easily assimilated

of a number studied. Studies of the formation of nitrates in the field soils of this

experiment have shown some degree of correlation between the rate of accumula-

tion of soil nitrates and the yield and quality of tobacco. This relationship has

been particularly marked in the case of the quality of tobacco grown continuously

with a manure supplement. Under this treatment the accumulation of soil ni-

trates has been highest, especially near the end of the growing season, and the

tobacco has been of outstandingly superior quality as shown by both grade index

and burn test. In addition to the possible agronomic benefits from cover crops

there are some unmeasured and unmeasurable benefits not hitherto mentioned.

At certain times of the year, particularly within the winter and spring, strong winds

sweep down and across the Valley, sometimes for days at a time. Considerable

soil is removed (3) from bare fields and is transported in dense clouds (see Figure

3). This is not only an economic loss to tobacco growers but constitutes a public

nuisance for the farmers and villagers of the Valley. In addition to allaying this

wind erosion of soils, cover crops in tobacco fields are also used by some farmers

for temporary fall pasture, and this may be an important advantage.

Massachusetts Compared with Other States

Since comparisons are frequently drawn between practices in growing tobacco

in the Connecticut Valley and elsewhere, a discussion of results obtained here in

comparison with those reported from other experiment stations will be worth

while. In such a discussion it should be recognized that differences in climate,

soil types and conditions, types of tobacco grown, fertilizer and cultural practices

and other indefinable factors limit the value of strict comparisons.

In the early years of the industry in the Connecticut Valley rotation of tobacco

with other crops was the rule; but in recent years, for reasons which have been

stated, tobacco has been grown mainly in continuous culture on the land best a-

dapted to it, and an intensive culture involving large amounts of commercial

fertilizer has developed. Until the past decade this system has enabled the Con-

necticut Valley to lead all other sections of the United States in the yield per acre,

but recently yields have not been maintained, and Pennsylvania has taken the

lead.

Until rather recently it was common practice in the shade-tobacco district ol

Florida (19) to follow a system of continuous culture. 'I'his was largely a matter

of economy. Recently, due to the increase of certain soil-harbored diseases, to-

bacco growers in that section have been forced to rotate crops or let the land re-

main idle for a period. In all other sections of the South tobacco has from the

beginning of the industry been grown on "new" or recently cleared land, or in

some sort of a rotation, or the land has been "rested" or allowed to remain idle.
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Although there is no experimental evidence that these methods are better than

that of continuous culture, they appear to be satisfactory for the conditions

prevailing in those sections. In comparison with the conditions and practices of

the Connecticut Valley, it should be pointed out that comparatively small amounts

of commercial fertilizer and manure are used. Also, yields per acre of tobacco are

much below that of the Connecticut Valley.

In experiments with cropping systems conducted in Maryland (6), rotations

were shown to produce more tobacco than did continuous culture, but the results

were lacking in consistency. Inconsistent results were obtained from the use of

cover crops; rye, and crimson clover having depressed the yield, while vetch in-

creased it. The authors concluded from the e.Kperiments: "Except in the case of

red clover in a three-year rotation with tobacco and wheat, the results indicate

that the legumes in these tests cannot be relied upon to give uniformly satisfac-

tory results with tobacco if grown more than two or three times in continuous

culture of tobacco or in short rotation of tobacco with other crops."

In Wisconsin, an important tobacco section, it is rather common practice to

rotate tobacco with other crops, but Johnson and Ogden (12) have shown that

rotations involving sod-forming crops may be very harmful to tobacco. They

ascribe the disease of tobacco known as brown root-rot to the effect of preceding

crops, and estimate that over 50 per cent of the tobacco crops of Wisconsin are

affected more or less adversely by preceding crops. Timothy and alfalfa in parti-

cular are known to produce harmful effects on tobacco. Continuous culture of

tobacco is a remedial practice. Conditions surrounding the production of tobacco

in Wisconsin more nearly parallel those of the Connecticut Valley than do those

of other regions considered. The main differences are in the cropping system and

the quantity and method of applying fertilizer. Connecticut Valley farmers use

five to ten times as much commercial fertilizer as do Wisconsin tobacco farmers,

and less manure. Brown root-rot usually causes more damage in Massachusetts

than in Wisconsin.

In Lancaster County, the principal tobacco-growing section of Pennsylvania,

a three- or four-year rotation is common practice. Wheat and clover or alfalfa

are commonly present in the rotation, and sometimes corn is grown. It is gener-

ally believed (16) that yield and quality of tobacco are better in the short rotation

which omits corn. For tobacco comparatively large quantities of manure are

used, and this furnishes the bulk of the applied nutrients. Experiments have shown

that when the manure is supplemented with commercial fertilizer both yield and

quality of the tobacco are enhanced.

The Connecticut station (1) has reported no experiments with tobacco rotations,

but has reported some benefits from the use of cover crops for tobacco in continuous

culture. Of several cover crops used, rye, oats, and vetch have produced best

results. With respect to cover crops, results in Connecticut agree rather closely

with results at this station but different results were obtained from the use of man-

ure. In their experiment manure was found to have a progressively bad effect on

yield and quality of the crop, while in the Massaachusetts experiments manure

gave the best results. There are several possible causes for this difference. In

the Connecticut experiments two to four times as much manure was used as in ours.

Furthermore, there may have been a difference in the quality of the manure usetl

in the two experiments, due to different proportions and kind of bedding materials,

etc. The manure used in the Massachusetts experiments was mixed horse and

cow manure with a comparatively small amount of sawdust, and being from the

accumulation of a year in each case, was in a fair stage of decomposition when
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applied. The marked increase in the organic matter content reported by the
Connecticut workers suggests that decomposition was not very rapid in the soil or
else there was an appreciable inert residue. Finally, soil differences may account
for some of the discrepancies in results between the two stations.

There is a measure of agreement between the manure experiments of the two
stations with respect to the prevalence of black root-rot. In the Connecticut
experiment the soil became heavily infested with black root-rot, and the severity

of the infestation was considered a strong factor in the decline of yield and quality.

In the Massachusetts experiments the manured plots developed slightly more root-

rot than did the check plots, but considerably more than those with timothy and
red top covers. The average percentage of infected roots for the period 1926-1932

was: Manure, 19.3; no cover (check), 15.0; timothy cover, 7.0; red top, 5.0.

The experimental evidence from other sections of the United States regarding

the effects of rotation, cover crops, and manure on tobacco is briefly summarized
as follows: In the southern tobacco sections crop rotations give good results.

With the exception of the intensive shade-tobacco district of Florida, there is no
experimental evidence that continuous culture might not give better results. Un-
der the conditions and practices which generally prevail in the South — soils com-
paratively low in nitrogen, little fertilizer used and a long growing season — it is

likely that the rotation system is the best available. Cover crops have produced
variable effects, some having been beneficial and some injurious. In the northern

tobacco sections, likewise, effects of cover crops have been variable but on the whole

beneficial. Rotations have also produced variable effects. The highest tobacco

yields of the United States now are obtained in Pennsylvania, a section in which

rotation is the common practice, but here also there is no evidence that the

rotation is superior to continuous culture.^ From Wisconsin, however, there is

evidence that rotations containing sod-forming crops are injurious to tobacco,

but not so injurious as in Massachusetts (Whately experiments) where more
fertilizer was used. In both Pennsylvania and Wisconsin as well as in the south-

ern sections some manure resulting from dairy farming is used for tobacco, and
apparently with benefit. In the Connecticut experiments manure reduced both

yield and quality, but here much larger quantities were used than in other sections

and this in addition to a heavy application of commercial fertilizer.

Suminary and Conclusions

Several cropping systems for tobacco either used or suggested for the Connecti-

cut Valley were compared. Results for eight years, 1924-1931, are reported in

the preceding pages. Data for the year 1932 are presented in Table 19 of the

appendix. Tobacco was grown in continuous culture without a cover crop, with

timothy, rye, and red top as cover crops, in two types of rotation, and with manure.

In supplementary experiments timothy, corn, potatoes, and onions were grown in

alternate years in comparison with tobacco grown continuously. The results and

conclusions are summarized as follows:

1. Cover crops as a group gave tobacco of both better cjuality and higher yield

than did no cover. However, there was a difference in the effects of the cover crops

used, and only in the case of red top was the advantage of sufficient magnitude to

convince one that it was due to the treatment instead of to chance.

2. Besides the agronomic advantages of certain cover crops for tobacco, there

'Dr. P. J. Anderson, in a private communication, states that continuous culture of tobacco is not

practiced in Pennsylvania because in Lancaster County the soil reaction is so high that black root-rot

becomes serious after about the second year, and it is necessary to grow otiier crops.
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is the unmeasurable but real advanUige of reducing the wind erosion of soils.

In the rather densely populated section of tobacco culture such wind erosion causes

dust storms which are a public nuisance and economic disadvantage. Cover

crops are a positive help in abating this nuisance. They are helpful also in some

cases where water erosion may be serious.

3. The rotation experiments gave results which were quite unfavorable to

tobacco, although in most cases the other crops were apparently benefited by

having tobacco in the rotation. In a supplementary experiment, it was found

that corn and hay were benefited by being alternated with tobacco. When
alternated with tobacco, potatoes did better than when grown continuously.

Onions, on the other hand did not do well when rotated with tobacco. The

mutually unfavorable effects of these two crops appear to be due to the different

soil conditions required for best growth of the two crops.

4. Tobacco grown in the animal-husbandry rotations (tobacco, corn and timo-

thy or clover) was so poor in yield and quality as to rule this rotation definitely

out of consideration as practicable for the Massachusetts portion of the Connecti-

cut Valley. Results were about equally poor with clover and timothy as the sod-

forming crop. The crop index for the rotation which includes timothy was 302.9

compared with 438.4 for the cash-crop rotation, 559.0 for continuous tobacco

without co%-er or manure, and 625.6 for continuous tobacco with a manure supple-

ment. From these results it appears advisable for farmers who wish to run a

livestock enterprise in connection with tobacco growing to keep tobacco out of any

rotation including corn, timothy, and clover.

5. Associated with the animal-husbandry rotation was an injurious effect on

tobacco which manifested itself by producing more or less dwarfed or stunted,

spindling tobacco with an abnormally dark green color, and causing abnormal

w^ilting in hot dry weather. This effect or condition of the tobacco is known as

brown root-rot, because of the brown, decayed appearance of the roots. This

condition was found to vary from season to season. In wet seasons brown root-

rot is usually worse than in dry, and may be a contributing cause of the generally-

low production in this Valley in wet years.

6. Manure as a supplement to fertilizer applied to tobacco in continuous cul-

ture was found to be beneficial. Although the yield was slightly lower than that

from the red top cover, the quality of the tobacco was so much superior that the

crop index was raised appreciably above that of red top. The results of 1932 are

even more definitely in favor of the manure supplement.

7. Thus, these experiments present a rather convincing argument for the use

of a moderate quantity of manure as a supplement to commercial fertilizer.

The advantage from manure lies largely in its effect on quality. The use of a

red top cover conies second as a means of producing good quality ot tobacco, and

is a much more feasible cropping system for most Valley farmers on account of the

scarcity of manure. It is quite possible that a combination of the two systems

could be worked out, which would include the good points of each, and be suitable

for Connecticut Valley farmers.

S. The cropping systeius studied in this experiment have i)r()duced little or

no change in the soil conditions. Continuous culture of tobacco without the

plowing in of a cover crop caused the greatest increase in acidity, which was only

0.5 a pH unit. The use of cover crops, the rotation, and manure, tended to stabilize

the reaction of the soil. It was only in case of the cash-crop rotation where lime-

stone was used for the benefit of the rotation that the acidity of the soil was re-

duced.
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9. Likewise, the several cropping; systems produced hardly perceptible changes

in stable or semi-permanent organic matter of the soil. Only in the case of

timothy used as a cover crop or in rotation was there any increase in the organic

matter which could be assigned to anything more than chance variation. How-
ever, it does not necessarily follow that because of a failure to produce measurable

permanent changes in the amount of soil organic matter, the added organic matter

has not been of value.
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Appendix

Note on Statistical Interpretation of Data

By taking sufficiently wide class intervals it was found that the yield data gave approximately

normal distribution curves, and were thus capable of statistical treatment. The mean yield of each

plot for the period 1926-1931 was considered as a unit in the calculation of statistical constants.

Thus the effect of seasonal variation was eliminated or reduced in a manner suggested by Engledow

and Yule.* The following formulae were then used in calculating constants:

Standard deviation

_ / Sd'

Probable error of a single plot = i_ .67-15 standard deviation

Probable error of the mean (p. e.) = +_ .6745 standard deviation

v
The following constants were obtained :

Mean Standard Probable error of Probable error

Cropping system yield deviation single treatment of the mean

lb. lb. lb. % lb. %
No cover (check) 1603 76.0 51.2 i.l 16.2 1.0

Manure 1693 106.6 71.8 4.2 25.4 1.6

Timothy cover 1620 108.5 73.0 4.7 23.1 1.4

Red top cover 1697 65.2 43.8 2.6 19.5 1.1

Rye cover 1624 38.5 25.9 1.6 11.7 .7

In order to see if the difference between any two means was significant, the probable error of the

difference was obtained by using the formula

:

Probable error of the difference = y'^(p.e.j)^+ (p.e.,)'

To be considered significant, that is due to the treatment and not to chance, any difference

must be at least 3.8 times its probable error.

*Engledow, F. L., and Yule, G. U. The principles and practices of yield trials. Empire Cotton

Growing Corporation, London (1930.)

Explanation of the Grade and Crop Index

Grade Imlcx:

In comparing the quality of tobacco grown under different treatments, it is very difficult to keep

in mind the percentage of six or more commercial grades of tobacco from one treatment , and compare

them with a like number from another. To simplify the comparison use has been made of a grade

index* similar to that developed and used at the Connecticut Experiment Station. The grade index

is a single numerical expression for the grading quality of the tobacco grown under a given treatment,

and is comparable, but not equivalent to the average selling price per pound based on percentage of

grades. It is based on the percentage of the carefully assorted commercial grades and the relative

price value of the different grades. Although market prices vary from year to year, the ratio of

prices of the different grades remains fairly constant. The following table gives the commercial

grades and numbers denoting relative price values

:

Comparative

Commercial Grade Symbol value

Light wrappers (19" up) L 1 .00

Medium wrappers (21' up) M .60

Long Seconds (19" up) LS .60

Short Seconds (15" - 17") SS .30

Long Darks (19" up) LD .30

Short Darks (U" - 17") SD .20

Fillers F .10

Brokes _ B 10

The grade index is obtained by multiplying the percentage of each grade by the corresponding com-

parative value and adding the products.
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Crop Index:

The crop index is obtained by multiplying tlie yield in pounds per acre by the grade index of a

given treatment. This product is comparable, but not equivalent to the price the farmer might

expect to get if he were [laid according to the grading of the crop.

*Conn. Sta. Bul.334,p. 178 (1932.)

Table 8 -
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Table 1 1 — Yield and Grade of Tobacco Grade Grown Continuously with

Fertilizer and Timothy Cover.
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Tahi.k LS
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Table 19 — Grade Index, Yield, and Crop Index of Touacco.

(.Sunmiary of Results of 1932)

Cropping System

Continuous Tobacco:

No cover (check)

Manure
Manure and timotliy cover.

Timothy cover

Timothy cover (residual) . .

.

Red top cover

Rye cover

Rotation Tobacco:

With corn and timothy

With corn and clover

Grade
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Table 23— Yield per Acre of Certain Crops Following Other Crops.

1925 1926 1927 1928 1929 Average
Tobacco (lb.) following:

Tobacco 1,301 1,601 1,861 1,406 1,741 1,582

Onions 1,665 1,744 1,930 1,574 1,472 1,677

Potatoes 1,258 1,488 1,930 1,273 1,586 1,507

Corn 1,142 1,383 1,624 1,299 1,349 1.359

Hay 1,545 1,000 1,798 1,274 1,723 1,468

Onions (lb.) following:

Tobacco 9,100 22,480 7,730 15,921 25,276 16,101

Onions 26,160 27.500 6,510 14,480 26,086 20,147

Potatoes 26,000 17,540 6.391 13,036 20,344 16,662

Potatoes (bu.) following:

Tobacco • 234 223 177 216 151 200

Onions 240 222 172 224 232 218

Potatoes 215 184 130 198 155 176

Ear Corn (bu.) following:

Tobacco 83.6 33.0 39.1 44.4 42.7 48.6

Hay 58.2 39.8 47.9 45.0 49 2 48.0

Corn 63.0 34.9 41.4 33.2 37.7 42.0

Hay (tons) following:

Tobacco 1.62 3.36 4.04 2.32 3.63 2.99

Hay 1.86 1.52 3.07 2.39 2.68 2.30

Corn 1.93 .92 3.36 1.06 2.57 1.97
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T.ABr.E 24 — Percentage Distribution of Leaf Sizes in the Grades of

Tobacco Grown in Different Cropping Systems.

Continuous Tobacco

Year



Fijiure .?. — A cover crop, as shown in the forejiround of this picture, sown on tobacco

fields after the crop is harvested, protects the soil from erosion by water and wind. Wind
erosion is often severe in the Connecticut Valley, and the "dust" storms, as seen in the

background, remove considerable fertile soil in the asigregate.
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THE SIGNIFICANCE OF
LENGTH OF BIOLOGICAL LAYING YEAR

IN PRODUCTION BREEDING

By F. A. Hays, Research Professor, and Ruby Sanborn, Research Assistant,

in Poultry Husbandry

Introduction

High persistency as incHcateti by late molting at the end of the pullet laying year

has long been recognized as very desirable from the standpoint of high annual egg

production. A review of the literature on this point scarcely seems necessary.

Suffice it to note that Hays and Sanborn (1927 c) report a net correlation of

+ .7501 +.0063 between annual persistency and annual egg prorluction in Rhorle

Island Reds at the Massachusetts Agricultural Experiment Station.

This report is concerned with the duration of the biological laying year; that is,

the period from first pullet egg to a 30-day cessation of production after March 1.

In those birds which did not stop laying for as long as 30 days after they had

passed the 365-day production date, the onset of a pause of 8 or more days was

considered as the termination of the biological year. In the 12 generations studied

there were 1 1 individuals that showed no cessation of production as great as 8 days

at the close of the pullet year, and these were omitterl.

The studies reported below were undertaken to discover whether birds that con-

tinue to lay without interruption for 13, 14, or 15 months are actually superior for

breeding purposes to birds laying for 9 to 12 months before molting. The report

is divided into three parts: (1) Correlation studies showing the relation of length

of biological year to characters affecting fecundity and to egg production; (2) The

relation between the length of the biological year and other desirable characteris-

tics; and (3) The relation between the duration of the biological year in mothers

and annual persistency and production of their daughters.

Birds Used for the Study

All birds used were Rhode Island Reds from the Station flock that has been

developed since 1913, and include females hatched in the non-broody line, the high-

production line, the hatchability experiment, the experiment on variability in

production, the experiment on egg .size and egg character, and the studies on the

relation of intensity to feather color. Twelve generations, hatched in 1917 and

from 1920 to 1930 inclusive, were used in Parts 1 and 2. The twelve generations

of daughters reported in Part 3 were hatched in 1918 and from 1921 to 1931 in-

clusive. Two generations were omitted in both cases because the birds were dis-

carded without complete records on account of disease epidemics. Only birds

retained for two full laying years are included in Parts 1 and 2.

Part 1. Correlation Studies

The relation of the length of biological laying year to some important inherited

characters known to affect egg laying is considered, as well as the relation of length

of the biological year to the egg record made during the biological year and the

annual egg record. The coefficient of correlation was used to measure the associa-

tion by tabulating each bird with respect to the two characters being considered.

Kach correlation was tested for linearity by Blakeman's (1905) test. In those
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cases where the diflerence between the squared values of the correlation ratio and

the correlation coefficient was less than three times its probable error, the relation

was considered linear and the correlation coefficient alone is reported. When
the regression was non-linear, the correlation ratio is used as the measure of associa-

tion. Onh' pullet-year reconls are inckuled in the correlation tables.

1. Relation Between Age at First Egg a)id Length of Biological Year.

The correlation between age at first egg and annual persistency in earlier flocks

was reported as—.6146+ .0090 (Hays and Sanborn, 1926.) In such cases persistency

is terminated within 365 days from the date of the first pullet egg. Now the

question arises whether the earlier maturing birds are also more likely than the

later maturing birds to continue to lay after the termination of the 365-day period.

Records are available on 911 individuals upon which the correlation between

age at first egg and length of biological year was calculated.

Number of birds 911

Mean age at first egg— days 190.47

Age standard deviation + 21.32

Mean biological year— days. 363.62

Biological year standard deviation +43.16

Coefficient of correlation -.5661 +.0152

The mean length of the biological year is very close to 365 days. The range for

this character was from 80 to 4<S4 days. The standard deviation amounts to

11.87 per cent of the mean, which should not be considered large in view of the

combined effects of environment and heredity.

The relation between age at first egg and duration of biological year is linear by
Blakeman's test and is therefore measured by the coefficient of correlation. The
squared value of this constant is. 3 193, indicating that about 32 percent of the vari-

ation in duration of the biological year is due to variation in age at first egg. The
correlation table also shows that almost 50 per cent of the birds studied had a

biological year equal to or greater than 365 days. The correlation coefficient

reported here does not differ greatly from that reported by Hays and Sanborn

(1926) as the measure of the relation between age at sexual maturity and persis-

tency within the 365-day laying year, namely -.6146+ .0090. The data indicate

that earh- se.xual maturity- is rather intimately associated with a long laying year.

2. Reliition Between Winter Pause Duration and Length of Biological Year.

Winter pause marks a period of non-productivity between the date of the first

pullet egg and March 1. The duration of the pause varied from 4 to 113 days

in the population studied. Only those birds having a winter pause of 4 days or

more are considered in this section. If the winter pause represents a period of

recovery for the reproductive system, there may be some relation between pause

duration and the duration of the biological year. A total of 494 pause birds are

available in the population studied. These were tabulated in a correlation table

and the following constants derived

:

Number of birds 494

Mean winter pause— days 21 .03

Winter pause standard deviation +15.19

Mean biological year— days 365.84

Biological year standard deviation 41.37

Coefficient of correlation +.1744 +.0294
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The correlation between pause duration and length of the biological year is of

questionable value since its squared value (.0304) indicates that only about 3

per cent of the variation in duration of the biological year is associated with

variation in pause duration. .As a selection unit for increasing the length of the

biological year, pause tiuration is of very little value.

3. Relation Between Winter Cluteh Size and Len^h of Biological Year.

Mean winter clutch size has been used extensively at this Station as a measure

of intensity or rate of laying. Rate of laying is distinctly an inherited character

as Hays and Sanborn (1927b) have shown. Correlation studies have been made to

discover whether the rate of winter laying shows any relation to the length of the

biological year. The constants calculated are as follows:

Number of birds 910

Mean winter clutch — eggs 3.49

Winter clutch standard deviation +1.77

Mean biological year— days 363.92

Biological year standard deviation +42.19

Coefificient of correlation +.0590. +0223
Correlation ratio .2251 +.02 12

Blakeman's test indicates that the regression of biological year on clutch size

is non-linear. Hence the correlation ratio measures the association between the

two variables. The association is positive, indicating that to some extent the more

intense winter layers tend to lay for a longer period than the less intense layers.

The squared value of the correlation ratio is .0507, which suggests that only 5

per cent of the variation in duration of biological year is due to clutch size varia-

tion.

4. Relation Between Days Broody and Length of the Biological Year.

The total number of non-productive days spent in broody periods during the

pullet laying year is an indication of degree of broodiness. There is evidence in

this flock that degree of broodiness depends upon inheritance. If a broody period

serves as a recuperative period for the reproductive system, the anticipated result

might be a greater duration of the biological year in the more intense broody

individuals. In this study only individuals showing one or more broody periods

are included in the correlation table. The constants derived are as follows:

Number of birds 191

Mean total days broody 33.04

Total days broody standard deviation J;^26.28

Mean biological year— days 358.26

Biological year standard deviation +50.57

Coefficient of correlation -.0633+ .0486

Correlation ratio .2907 +.0447

The extreme variability in degree of broodiness is very striking. The mean is

33.04 days with a standard deviation of 26.28, making the coefficient of variation

79.5 per cent.

The negative coefficient of correlation is statistically insignificant, but the re-

gression is non-linear. The correlation ratio indicates that the more intensely

broody birds are likely to exhibit a shorter biological year. The squared value

of the correlation ratio shows that about 8.45 per cent of the variation in length of

biological year is due to \ariation in degree of broodiness.



LENGTH OF BIOLOGICAL LAYING YEAR 5

5. Relation Behveeii A initial Persistency a iid 365- Day Egg Record.

The correlation between annual persistency within a 365-clay period from lirst

pullet egg and the 365-day egg record has been shown to be intimate in the genera-

tions of birds hatched at the Massachusetts Station from 1916 to 1Q24 (Hays and

Sanborn, 1926). This study is repeated using the 911 ijirds considered in this

report. In the earlier report the authors pointed out that the birds were divided

into two genetic classes: namely, those laying for a shorter period than 315 days and

those laying for 315 days or longer before the annual molt. In this earlier report

and in this section the duration of egg production beyond the 365-day limit is not

considered. The fact should be noted in connection with these correlation studies

that the birds used represent a selected group that was kept for two laying years

because of superior pullet-year records. The following constants were derived

from the correlation table:

Number of birds 911

Mean annual persistency — days 34-2.11

Annual persistency standard deviation +33.98

Mean annual production — eggs 229.92

Annual production standard de\'iation +32.72

Coefficient of correlation +.579S+.014.S

Correlation ratio .6257 +.0136

The relation between annual persistency and annual egg production proved not

to be linear by Blakeman's test. The correlation ratio shows in this population an

intimate association between persistency and production. Its squared value is

.3915 indicating that about 40 per cent of the variation in production is associated

with variation in persistency. As a unit in selection persistency is of great value.

6. Relation Bet-ween Length of Biological Year and the Egg Record for the Biologi-

cal Year.

It is desirable to know whether the egg record during the biological year is in-

timately associated with the duration of the biological year. In other words, is

there high probability that a long period of laying previous to molt is likely to be

associated with a high egg record? By tabulating each bird in a correlation for

length of biological year and egg production in the same period, the constants below

were obtained

:

Number of birds 911

Mean biological year — days 363.62

Biological year standard deviation +43.16

Mean egg record for biological year 237.52

Egg record standard deviation +38.57

Coefficient of correlation +.6999 +.01 14

Mean egg production during the biological year is 237.52 compared with 229.29

lor the 365-day year. The variability of production is also somewhat greater in

the biological year. The regression of egg production on duration of biological

year is found to be linear. The coefficient of correlation is highly significant and
by its squared value indicates that 48.99 per cent of the variation in egg record

for the biological year is due to variation in duration of the biological year. This

value is highly significant in biological flata and attai hes considerable importance

to the length of the biological year.
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7. Relation Between Length of Biological Year and A nnualEgg Record.

Annual egg record as used throughout this report covers the period from first

pullet egg to 364 days thereafter for each individual. It is highly desirable to

know whether the bird possessing the ability to lay continuously for more than a

year is more likely to be a heavier layer in the first 365 days of production. By

tabulating the length of the biological year and the annual egg record of each

individual, the following constants were obtained:

Number of birds 911

Mean biological year— days 363.62

Biological year standard deviation ~r43.16

Mean annual production— eggs 229.92

Annual production standard deviation +32.72

Coefiticient of correlation +.4715+ .0174

Correlation ratio .5520+0155

The regression of production on duration of biological year is found to be non-

linear by Blakeman's test: con.sequently the correlation ratio measures the associa-

tion between these two variables. The actual value of length of biological year

as a selection unit may be determined by squaring the correlation ratio which

gi\-es .3047. Stated simply, this means that 30 per cent of the variation in annual

production is due to variation in duration of biological year.

In general, the data presented in Part 1 of this report indicate that the ability

to lay for a long period of time is desirable from the standpoint of egg production.

Part 2. — Relation of Length of Biological Year to Some Important First

-

and Second-Year Characteristics

In this part consideration is given to several desirable characteristics not speci-

fically related to first-year egg production but very important in breeding for high

fecundity. Further evidence is presented to show whether or not a long biological

year may be considered of sufficient significance to take an important place in the

breeding program. The length of biological year is considered in relation to first-

and second-year hatchability, to body weight at first egg, to body weight at the

close of the pullet year, and to second-year egg production.

In the generations used in this report there were 426 birds with complete two-

year records. This group was divided into three classes with respect to duration

of biological year; those with persistency of less than 315 days; those with per-

sistency ranging from 315 to ?<b^ days; and those with persistency exceeding 365

days.

T.\BLE 1 — Relation of Length of Biological Laying Year to H.\tch-

ABiLiTY, Body Weight, and Second-Year Egg Production

Length of Number Hatchability Body weight Second-

biological of per cent pounds year

year birds egg

First Second M At end of produc-

year year first pullet tion

egg year

Under315days 26 67.60 72.50 5..S3 5.95(2)* 156.50

From 315 to 365 days 159 78.30 78.21 5.44 5.89(25) 147.84

Over 365 days 241 71.72 77.35 5.30 6.09(69) 160.91

*Only a part of the 426 birds were weighed at the close of their laying year. The figures in paren-

thesis show the number of such birds in each class.
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1. Relation of Length of Biological Year to First- and Second-Year Hatchability.

The mean hatchability of the three persistency classes during the first and second

laying years is shown in ral)le L The data do not show any relation between

duration of biological year and percentage of fertile eggs hatched during the period

from March 25 to May 15 of each year. Hatchability therefore seems to be in-

dependent of those factors concerned with the duration of the laying year. The

data do indicate, however, that in general the same individuals have a higher

hatching reconl as yearlings than as pullets.

2. Relation ofLength ofBiologial Year to Body Weight at First Egg.

Body weight at first egg is a measurement that may be taken at the beginning

of the bird's productive period. The value of such a record as a criterion of later

fecundity traits needs to be determined. Body weight of each of the 426 birds was

recorded on the day she laid her first pullet egg, and the mean for each of the three

persistency classes is shown in Table 1. These data indicate that greater duration

of the biological laying year is associated with a smaller body weight at first egg.

This smaller bod}' weight at first egg has been shown by Hays (1933) to be an ex-

plicit function of age at first egg.

3. Relotioji of Lengtii of Biological ]'e(ir to Body Weight at the Close of the Pallet

] ear.

Only a part of the 426 birds considered in sections 2 and 3 were weighed at the

close of their laying year, the number being 96. These meager data are presented

(Table 1) to furnish a small amount of information on the relation between body

weight at the close of the 365-day laying year and duration of biological year.

These weight records were taken on a date averaging 365 days after the first

pullet egg for the birds housed together.

The data suggest that birds with heavy weight at the close of their 365-day

production year are more likely to continue to lay than are smaller individuals.

In other words, birds that lay at the expense of body weight are likely to lay

fewer eggs as Hays (1932) pointed out, and they are also likely to have a shorter

producti\'e >'ear.

4. Relation ofLength of Biological ]'eay to Second- Year Egg Production.

In the Rhode Island Red flock of the Massachusetts Agricultural Experiment

Station, the mean second-year production amounts to about 70 per cent of the first-

year production. Second-year records on this fiock are begun immediatehat the

conclusion of the 365-day record. By this system of records the second-year

record of a bird with a biological year of 365 days or more is penalized, in that all

of the non-producti\'e period usually accompanying molt falls in the second la\'ing

year. On the other hand, individuals with a short biological year show a part

of the molt period at the close of the 365-day first-year record and a part in the

beginning of the second-year record. The fact should also be noted that late

molting reduces the length of the molt period as Hays and Sanborn (1930) and

Marble (1930) have pointed out.

The second-year egg records of the 426 birds studied are shown in Table 1.

The differences in mean annual egg records are not great for the three grouj^s.

In general, the data indicate that great length of the first biological year is likely to

be followed by a higher second-year egg record than might be anticipated if the

duration of the first biological year falls below 365 days.



8 MASS. EXPKRIMKXT STATION RULLETIX 20S

Part 3. — The Inheritance of Persistency

High persistency has been reported by Hurst (1921) to be inherited as a reces-

sive trait in White Leghorns and White Wyandottes. He measured high persis-

tency by the ability to lay at the rate of 30 per cent from July 1 to the close of the

la\ing year, no birds being considered high in persistency unless they laid for at

least 50 days after July 1. This period would end on August 19 as the earliest

date, losing Hurst's dividing age between early- and late-maturing birds at

270 days, the absolute length of the biological laying year for the highly persistent

birds would be about 9 months or 270 days.

Hays and Sanborn (1926) report that the Massachusetts Station flock shows two

general classes with respect to duration of the laying year — those laying for less

than 315 days and those laying for more than 315 days. Hays (1927a) presented

evidence to indicate that the ability to lay for 315 days or more depends upon a

dominant autosomal gene P.

This part of the report isconcerned with the ability of dams to transmit persisten-

cy to their daughters. The obvious weakness of such a study lies in the fact that

genetic records of the sires are not available. In a general way, however, the data

will be useful to show whether or not selection of dams alone for duration of

biological year increases the length of laying year in resulting daughters.

Twelve generations of daughters consisting of 231 1 individuals are included from

427 dams that had been retained in the flock for two or more full laying years.

These dams are the birds that have already been considered in Parts 1 and 2.

They are divided into three classes with respect to duration of their biological year.

In tabular form are presented the number of dams and daughters concerned,

together with the daughters' mean annual persistency records and their mean
annual egg records and the mean annual egg record of the dams.

T.ABLE 2 — REI .\TI0N OF THE LENGTH OF BIOLOGICAL Ve.\R OF DaMS TO ThEIR
Annual Egg Production and to their Daughter's Annual Persistency,

Annu.\l Egg Production, and Laying House Mort.\lity.

Length of

biological year

of dams

Under 315 days

From 31.S to 365 days 159

Over 365 days 242

Table 2 show^s that in the selection of breeders emphasis was laid on length of

biological year so that the number of dams concerned in the low class is small, and

the majority fall in the group with a biological year greater than 365 days. The

mean annual egg records of the dams are also closely associated with the length

of the biological year.

Daughters' annual persistency includes the productive perioil from first pullet

egg either to the onset of a 30-day cessation of production after March 1 or to the

end of the 365-day laying year. It is evident that this method of calculating per-

sistency does not take cognizance of the actual persistency of birds that lay beyond

the 365-day period. The difference in mean annual persistency of classes 1 and 2

is 5.58+3.84, and of classes 2 and 3 is 5.15+ 1.62. The data therefore show no

significant difference in the mean annual persistency of daughters from dams with

a biological year of less than 315 days and those from dams with a biological year
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of 315 to 365 days. Daughters from dams with a biological year greater than 365

days show a significantly higher mean annual persistency than do daughters with

a shorter biological year. Mean annual first-year egg records of daughters from

the three presistency classes of dams increase with the persistency of the dams.

These data indicate the general superiority of birds with a long biological year

over birds with a shorter biological year in breeding for high fecundity.

The mortality in the laying houses is distinctly higher for the daughters from

dams with persistency records below 315 days. The mortality of daughters from

dams with persistency between 3L5 and 365 days and from dams with a persis-

tency greater than 365 days is essentially the same. These facts indicate that high

persistency is a partial measure of vigor which is one of the vital essentials in suc-

cessful breeding.

Progress Throughout the Experiment

Chart 1 presents graphically the mean annual persistency of daughters by gener-

ations throughout the experiment. Class 1 represents the daughters from dams

with a biological year under 315 days; Class 2, the daughters from dams with a

biological year of from 315 to 365 days; and Class 3, the daughters from dams with

a biological year greater than 365 days. Data are not available for the hatching

year of 1919 and 1920.

^ 340

§ 330

Dame' Biological Class
Clees 1

Class 2

Class 3

•18 '19 '20 '21 '22 '23 '24 '25 '26 '27 '28 '29 '30 '31

YEAR HATCHED

Chart 1. Annual Persistency of Daughters by Years.

In general, there is a progressive increase in the annual persistency of daughters

from year to year. For the most part the daughters from the two classes of dams
with superior length of biological \ear excel the daughters from dams with a biolog-

ical year under 315 days. There is an apparent advantage from the standnoint

of annual persistency in selecting female breeders whose biological year exceeds

365 days. The high trend in the solid line in 1928 and 1929 has little significance

because it represents the daughters from but four dams in 1928 and one dam in

1929.

Chart 2 presents the mean year'y egg records of daughters from the three classes

of dams with respect to length of biological year. Here again there is progressive

increase throughout the experiment in daughters of dams that belonged to the
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two upper classes with respect to duration of iiiological year. The egg records of

(laughters from dams with short biological year did not increase up to 1927, and

the last two yearly means are not significant because of small numbers. The

superiority of the egg records of daughters from dams with a biological year ex-

ceeding 365 days appears to warrant the selection of such birds for breeding to

increase fecundity.

Chart 2. Annual Egg Production of Daughters by Years.

Summary

A study is made on 911 Rhode Island Red females of twelve generations that

were trapnested for two full laying years and on a total of 2311 of their daughters

representing twelve generations.

1. Duration of biological \-ear is intimateh' associated with early sexual

maturit>'.

2. There is no significant relation between duration of winter pause and length

of biological year.

3. Large winter clutch size or high intensity' shows a small but significant

positive correlation with length of biological year.

4. Degree of broodiness shown by the number of nonproductive broody days

gives a negative correlation with duration of biological year.

5. Annual persistency shows an intimate correlation with annual egg record.

6. The egg record for the biological year is intimately correlated with the dura-

tion of the biological year.

7. First- and second-year hatchability are indeiiendent of duration ol biologi-

cal \ear.

S. Small body weight at first egg is associated with great length of biological

year.

9. Heavy body weight at the close of the 365-day laying year is associated with

greater duration of biological year.

10. Second-year egg production tends to be higher in birds show ing a biological

laying year greater than 365 days.
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IL Annual persistency of daughters from dams with a biological year greater

than 365 days is distinctly higher than in daughters from dams with a biological

year of from vil5 to 365 days or from dams with a shorter biological year than 315

days.

12. Annual egg records of daughters from dams with extended biological year

are superior to those from dams with shorter biological year.

13. (Treat duration of biological year in dams indicates superior vigor as mea-

sured b\' the lower mortality rate for their daughters in the laying houses.

14. In general, the selection for breeding purposes of females having the ability

to lay continuousK- for more than 365 days is a commendable practice.
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SHIPPING MASSACHUSETTS APPLES
TO OUT-OF-STATE-MARKETS

By A. H. Lindsey, Professor of Agricultural Economics, and A. A. Brown^

Introduction

Increasing total and commercial production of apples in Massachusetts, without

a proportionate increase in home consumption, points to the necessity for expan-

ding the consuming area. Growers are already shipping apples to New York

City, and a few have tried other cities outside of New England. Their exper-

ience has brought home to them the need of more information about transportation

and market facilities, if these cities are to become regular outlets for their crop.

This study was therefore undertaken to assemble and make easily available to

growers facts which may help them solve the problems which arise in shipping

their fruit.

\

Method

Approximately 100 leading Massachusetts apple growers were interviewed in

order to secure original data. The experience of these growers in shipping their

apples by various methods and under different conditions was made the basis

for the study of comparative transportation costs.

Information on transportation questions was secured from local, central, and

off-line representatives of both originating and delivering railroad carriers. Data

were also obtained from the various tariffs of the participating lines.

Data on markets were assembled by correspondence with railroad agents, cham-

ber of commerce officials, federal and state marketing representatives, and mana-

gers of produce terminals.

Adequacy of Data

.Mthough but 100 growers were interviewed and only 73 reports were used, the

results seem adequate, for these growers produced 51 per cent of the total com-

mercial ci^op in Massachusetts in 1931. In Table 1 growers are grouped according

Table 1

—

.'\pple Growers in Massachusetts Classified on the Basis of

1931 Production

Production Range in Bushels Number of Growers

9

22

11

9

4

12

2

4

73

'Graduate Assistant in Agricultural Economics.
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to volume of production. In Table 2 are listed the quantities of the principal varie-

ties produced by g:ro\vers in each group.

The information on rail transportation is reliable. Carriers are required to

publish tariffs of rates and charges for supplementary services as well as regulations

covering the types of service which they can perform. Statements herein presen-

ted are correct as of February' 1, 1933. Since changes occur frequently in the

tariffs it is desirable that growers check currently with the railroad those parts of

the bulletin which apply to their shipments.

Data pertaining to truck shipments were secured from the growers. This is the

only accurate method. General trucking information is inadequate because publi-

city of rates or services by truck operators is not required.

Data on the markets are not as detailed as would be desirable, due to the fact

that it was necessary to collect the data by correspondence.

Table 2

—

Relative Importance of Varieties on the Basis of Volume of

Commercial Production. 1931

Production Range
in Bushels
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Increase in Local Production

To aggravate a generally unfavorable situation, Massachusetts is one state in

which production is expanding. Of a total of 2,LS9,120 trees in 1925,^ 756,897 or

35 per cent were not of bearing age; 248,000 or 11.5 per cent were over 29 years of

age. In 1931^ the total number of trees was 1,716,000, of which 585,000 or 34

per cent were 8 years of age or less. The number of trees over 30 years old varied

from 11 to 14 per cent depending upon the total used; while 20 to 25 per cent

of the trees were from 9 to 13 years old.

The large percentage of young trees gives reasonable assurance that any decrease

in production which results from cutting down old trees will be more than offset

by the 9- to 13-3'ear-old trees coming into full bearing. The high percentage of

trees less than 9 years old furnishes a sound basis for expecting an increase of 30

per cent in total annual yield during the next decade. If efficiency in orchard and

harvesting practices continues at its present high level, over 75 per cent of this

increase will be of commercial importance.

Commercial production is influenced constantly by improvements which growers

have made and are making in their orchard and harvesting practices. Increase

in the percentage commercially produced concurrent with a larger total production

will increase more than proportionately the volume of locally grown apples avail-

able for the market.

Among the changes in methods which enable the grower to place a larger percen -

tage of his crop on the market are the growing of fewer varieties and the production

of cleaner fruit. Table 3 shows the tendency of Massachusetts growers to con-

centrate on fewer varieties. Cleaner fruit is promoted by the "Ninety Per Cent

Clean Apple Club." The growth of the commercial crop in relation to the total

crop in Massachusetts is shown in Table 4.

Table 3

—

Trees in Massachusetts Apple Orchards, Percentage Distri-

bution BY Variety and Age

Variety

Baldwin

Mcintosh

Wealthy

Delicious

Graveiistcin

Cortland

Ot her

Total

'Vount, II. W. and Jefferson. L. P., An Economic Study of tlic Massachusotts; Apjilo Indiistrv.

Mass. Agr. Exp. Sta. Bui. 228, P. Ill, Table V.

'Plan for Making Apple Industry of Massachusetts More Profitable, Ext. Ser. Bui. Anne.\.

19.^2. M. S. C.

^Youngnian, Statistics and Charts of the Apple Industry, p. 10. U. S. Dcpt. .\gt. P,ui. Atii.

Econ. March, 19.S0.

'U. S. Dept. Agr. Yearbook 1931, p. 719.
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Occasionally a car is shipped to Cincinnati. Shipments in most of these cases have

not been promoted by the growers but l)y buyers or dealers. These cities which

have been regarded as emergency outlets may become regular outlets for some

growers in the future.

With reference to the number of markets which a grower used, it was found that

47 per cent sold in one, 18 per cent in two, and 5 per cent in three. Of the men who

used but one market 75 per cent sold in Boston and 1 5 per cent in New York. Large

citites were the chief outlets for the main crop. Nearby towns were places in which

to sell early varieties, odd varieties or odd lots.

The outlets favored by growers regardless of the number used showed that 51

per cent sold in Boston, 28 per cent in New York and 14 per cent in Springfield and

Providence.

Except in southern New England, the geographical location of the apple grower

had but little influence on his choice of market. Within this area, however, growers

sold in whichever one of four cities - Springfield, Worcester, Boston, Providence—
was nearest to their orchards.

The data indicated that in general local growers were acquainted with few outlets

and few growers were acquainted with outlets outside of New England.

Potential Markets

Included in the group of cities which are potential consuming centers are eight

of the ten which rank first in population according to the United States Census of

1930*. In addition to having an apparent capacity for absorbing apples, these

cities are relatively near by.

The markets which appear to offer the best opportunities for absorbing a supply

of Massachusetts apples are

:

New York Baltimore Cleveland

Philadelphia Washington Detroit

Pittsburgh Cincinnati Indianapolis

With the exception of New York, which is a potential market for some growers

and a regular outlet for others, not more than 5 per cent of the growers are acquain-

ted with the markets suggested.

Certain other cities located in the Northeast have not been mentioned because

of certain factors which make them less desirable outlets for New England apples.

BufTalo, for instance, is adjacent to an apple-growing region; St. Louis and Chicago

are too distant unless prices are particularly good; Montreal is unfavorable

because of customs duties.

The volume of Massachusetts apples unloaded in both groups (with the excep-

tion of New York) during the period for which figures are available varies from

none in 1926 and 1928 to 119 cars in 1930. The unloads are irregular and sporadic.

It is probable that buyers on these markets know as little about Massachusetts

apples as growers in Massachusetts know about the markets. Data are lacking

on recent shipments to these potential markets.

New York City is an exception in that information on traftic to this area is ade-

quate. Data were secured on shipments in 1932 from various points in Massachu-

setts. In addition to data on rail traffic, it was possible to secure trucking charges

so that a comparison of costs by kinds of carriers can also be made.

*U. S. Census. 1930. Population. Vol. 1, p. 18.
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Current Harvesting and Marketing Practices of Groovers

Before the Massachusetts apple growers attempt to reach the more distant

markets they will have to make certain changes in present harvesting and mar-

keting practices, because of the necessity of shipment by rail. Certain other

practices as they are now carried on will fit very well into the exploitation of these

new markets.

Among the unfavorable items are the size of shipments, the frequency of ship-

ments and the type of package.

At present most of the apples are consigned in lots of two sizes, 100 to 125 boxes

and 200 to 300 boxes. Considering 60 shipments for which this type of data is

available 21 per cent of the growers shipped in lots of 100 to 125 boxes, 26 per cent

in lots of 200 to 300 boxes, and 13 per cent in carloads (600 boxes). In part the

size of the consignment is determined by the quantity which can be most efficiently

packed out daily by the grower. There is also a definite relation between the type

and capacity of the carrier and the size of consignment. In some instances the

number of boxes shipped depends on the capacity of the carrier, and in others the

selection of the carrier depends on the volume which a shipper wishes to move.

The frequency with which shipments are made seems to affect the size of indivi-

dual consignments. In the 100 to 125 box group, growers consigned daily. In the

200 to 300 box group, they shipped three times a week. The practice followed is

determined partly by the grower's organization and partly by the requests of the

consignee.

Another practice which may prove temporarily detrimental to the interests of

the grower is the use of the Massachusetts Standard Box. The package is not well

known outside of New England. This feature in itself need not be a permanent

hindrance. It is no more difficult to handle than the Western box, and is equally

well adapted to the display of apples.

Among the factors which can expedite rail shipping into the potential markets

are grading, time of sale, and the channels of trade.

Massachusetts growers may be relied on to place on the market a pack which,

on a quality basis, compares favorably with packs from other regions. Eighty-

seven per cent of the growers graded their Baldwins and Mclntoshes, the two varie-

ties which comprise the larger volume of out-of-state consignments. Grading

usually means that only the higher priced apples will be shipped. The cost of

shipping is consequently less in relation to the price received.

The period of the year when growers normally sell their apples has a direct

bearing on shipping. Its importance is further emphasized when considered in

relation to the size of consignments and the frequency with which they are made.

About 15 per cent of the growers sold all their Mcintosh as picked or shortly

after. Practically none sold Baldwins until January first. Most of the sales were

distributed throughout the late fall and early winter. It would be possible, there-

fore, during the normal sales period, to pack out a large enough volume for con-

signment to a new market. The opportunity exists for organizing the packing force

so as conveniently to loarl out the volume at the proper time. Since most of the

sales take place after the peak of harvesting has passed, more attention could be

given to satisfactory packing and shipping.

In shipping to any one of the suggested markets, the practice is to consign to a

commission house or auction agent. This involves little that is new. Most

growers are now selling through the commission house. Markets may differ as to
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the manner of reporting sales or the performance of supplementary services. The
principal features of dealing through the commission house are well understood.

Current practices favoring the shipping to new markets seem to outweigh the

unfavorable ones. A good quality pack, distribution of sales, and much experience

in selling through the normal channels of trade are assets. The size and fre-

quency of consignments are not too great a hindrance. They may be adjusted.

The time and distribution of sales makes this possible.

Transportation of Apples

Shipping is the phase of marketing around which this study is centered. The
volume of apples grown, preparatory and supplementary marketing practices,

distribution among markets and marketing experience have all been considered

primarily in relation to shipping.

The problem of transportation was studied in particular since it is basic to plan-

ning the future expansion of apple production in Massachusetts and New England.

Information was secured on the following subjects relative to the transportation

of the 1931 crop: Responsible agent, method of shipping, size of consignments,

time in transit, destination of shipments, factors considered in selecting the carrier,

damage to consignments, and costs involved.

In addition to the data pertaining to the 1931 crop, further information was

collected from growers, rail carriers, chambers of commerce, the United States

Department of Agriculture, and state marketing officials regarding the problem of

shipping to the potential markets for Massachusetts apples.

Current Shipping Practices

The responsibility for shipping the 1931 crop practically rested with the indivi-

dual grower. Among those producers whose returns can be used, 74 per cent

claimed authority for engaging the carrier and giving such instructions as seemed

necessary; 18 per cent assigned this responsibility to the buyer; 6 per cent handed

the function over to their agents, one of whom was a commission house.

Trucks carried 95.2 per cent of the 1931 apple crop of these growers. The rail-

roads got 4.8 per cent of the traffic. Of the growers, 56 per cent trucked for them-

selves, 30 per cent used local truckmen^, and 14 per cent hired commercial truck-

men. ]\Iost of those in the last group came out from the markets and hauled the

loads in. One made a return trip to a market daily past the orchard of a grower;

the truck was empty, and the operator was glad to get the return haul. There

were also a few selling agents who furnished the trucks or who hired the trucking

done.

Among the growers who did their own trucking, 41 per cent also hired some

done. A noticeable practice was the engaging of a commercial truckman for the

long-distance hauls. Occasionally this supplementary service was employed

at the peak of the picking season when the grower's truck could not handle the

volume or was being used in the orchard.

As a measure of the distance to which apples were shipped by truck, time in

transit for the truck appears to be the best unit. It is the total time which

elapses from the departure of the grower from the packing house until he returns

that determines whether or not he will make the haul himself. On the nearby-

'Resident in the same or an adjacent town.
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hauls, where he can get into the market and home again in half a day or less, the

grower usually operates his own truck. Seventy per cent of the trucks made the

round trip in less than six hours.

Fifteen per cent of the trucks were on the road from six to twelve hours. Some
of these were grower operated and some were hired. Fourteen per cent of the

trucks made overnight trips one way. In all instances these trucks were hired.

The growers were questioned as to why one kind of carrier was used in preference

to another. Although in a few instances answers were made with much feeling,

the favorable attitude towards trucking was commonly based on sound reasons,

The matter of careful handling is the important consideration. Statistically

this factor does not stand in first place but ranks second. Some growers neglected

to suggest careful handling as a factor to be considered when choosing a carrier,

since they probably assumed that this was an accepted principle. In addition to

handling apples carefully most of the growers were seeking to reduce the amount

of handling necessary. When truckmen pick up the apples at the packing house

and deliver them at the door of the commission house, ordinarily at least one han-

dling is eliminated and perhaps two. Trucks are also supposed to carry the apples

with less jarring. This, however is open to question. For the bruising which

the fruit may receive when a car is added to or cut out of a train there is a corres-

ponding amount of bruising which the apples may get as the trucks drive over

unevenly surfaced roads.

It is possible to assign responsibility for damage when the truckman is the

carrier. At the loading point this raises no difficulty even when the railroad is

the carrier. The shipper (grower) is on hand to insure proper care in loading in

both instances. It is when the consignment is delivered that responsibility for

damage is hard to place. If a rail shipment has been badly bruised — but no pack-

ages broken — and there has been, in addition, cartage to a commission house

from the delivery track, there is little possibility of placing the responsibility. If

the same lot had been bruised on a through carriage by truck, the operator could

be charged with carelessness. The personal relationship between the grower and

the truckman is favorable to shipping by truck, particularly when a local truck

operator is employed.

The highest percentage of growers preferred the truck to the refrigerator car,

because the shipping charges were lower. For the size of the units shipped this

was probably true. These lots would, on a rail shipment, take a less-than-carlot

rate, which would be sometimes a few cents more or less than the trucking rate

per box. The rail carload rate per box is substantially lower than the trucking

rate. In this comparison no allowance is made for additional items such as load-

ing, icing, unloading, switching, carting, etc. The problem of shipping charges

is considered later.

With reference to relative costs of shipping in hired trucks or hauling in their

own trucks, some growers were undecided. The general opinion was that on long

hauls commercial truckmen perform the service for much less than the grower can

do it. On the short hauls, so far as total cost^ is concerned, a /ew growers were

of the opinion that they could hire the trucking for less than they could do it them-

selves. The fact of owning a truck was occasionally sufficient reason for using

it for hauling.

Growers shipped by rail for the following reasons: The service was good, dis-

'Cash plus depreciation, time, etc.
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tance to (he market necessitated it, the receiver requested a rail shipment, and a

long distance shipment could be more cheaply made by rail.

Shipments were chiefly in lots of two sizes: the small lot ranging from 50 to 12,S

boxes, and the larger from 200 to 300 boxes. The smaller lot was used by 34 per

cent of the growers; the larger by 26 per cent. In addition 13 per cent of the

apples were shipped in carloads (600 to 800 boxes).

The small lots were carried usually in grower-owned trucks if the transit time

was less than six hours; otherwise in hired trucks. A few of the larger lots were

hauled in grower-owned trucks but the rule was to hire the trucking done, since

only a few growers owned trucks large enough to carry 300 bo.xes of apples. Here

also the time element partly determined whether the grower used his own truck

or not.

Trnching Charges

Data on truck charges paid in 1931 and 1932 were collected. The figures for

1931 were secured by interview; those for 1932, through correspondence with the

growers. In 1931 the rate per box from points in Massachusetts to Boston varied

from less than 5 cents to 12| cents. A 10-cent rate commonly applied regardless

of ilistance. Some apples were carried for that rate from as far west as the Con-

necticut River. In general, however, few growers west of Worcester shipped to

Boston. In the eastern apple growing section a few growers paid 12 cents a box,

one 8, and one less than 5 for having apples trucked to Boston. On baskets only

one figure was secured and that was from a grower west of Worcester. He paid

a 15-cent shipping charge to Boston.

Truck rates to Providence showed much more variation than those to Boston

and seemed to bear some relationship to distance. Unfortunately the cases from

which data were secured are few. The extremes on rates per box were ,S cents

and l7.v cents. The shipper who was farthest from Providence paid the highest

rate and the one nearest paid the lowest. Other growers paid rates approximately

commensurate with the distance.

Truck rates to Springfield ranged from 6 cents to 12 cents per box. The lower

rates were hardly indicative of a typical haul since they were in reality part of a

through rate to New York.

In the fall of 1931, the usual rate per box from points in Massachusetts to New
York City was 20 cents. It was fairly uniform over the entire state. As would

be expected, higher than normal rates were charged for small lots and lots from

out-of-the-way places.

In 1932, two general rates applietl. A 20-cent rate per box was paid by growers

in the eastern part of the state and in the northern section of the western part.

The rate from towns bordering the Worcester-Springfield highway and in the

southern part of Hampshire County was 15 cents per box. Sixty-six per cent of

the growers paid 20 cents per box; 24 per cent, 15 cents; 5 per cent, 225 cents; and

5 per cent, 25 cents per box for trucking to New York. The rates applying from

various points in Massachusetts to New York are listed in Table 5.

There was ordinarily but one charge (rate per box times the number of boxes)

when the apples were carried by truck. Perceptions applied on lots which were

placed in cold storage. When fruit was stored at Springfield prior to selling in New
York two trucking charges were made; one from the farm to Springfield, the other

from Springfield to New York. A slightly different arrangement governed lots

held in cold storage at Boston. On going into storage the usual rate which ap-
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plied from the farm to Boston was charged. If the lots at the time of sale were

carted from cold storage to the commission man's sales room a cartage fee of 5

cents per box was paid. If the lots, as frequently happened, were sold in cold

storage the cartage fee was not directly paid by the grower.

Table 5. — Rates Quoted by Railroad and by Truck Companies from

Points in Massachusetts to New York City

(cents)

Shipping Point
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Returns indicated that the "freight charge" might include freight only or the

sum total of charges, except commission, deducted b}' the selling agent. Of the

accounts which included freight only, 17 were slightly incorrect. Ten of these

accounts were erroneous in that a rate of 25 cents instead of 26 cents per hundred-

weight was charged. The other 7 showed slight discrepancies which could be

accounted for if a box or a barrel was two pounds above or below the average

weight. In tabulating the data these 17 accounts were omitted.

On the remaining 27 accounts, the sum of overcharges plus undercharges amoun-

ted to $520.64. Twenty-four accounts showed freight overcharges to growers

totaling $488.78. Three accounts showed undercharges of $31.86. The appar-

ent net freight overcharge was $456.92. The range on the twenty-four accounts

was from $3.74 to $63.96 per car. The average was $19.03. The undercharges

showed a narrower range, $8.78 to $12.24 with an average of $10.62.

Further analysis reveals that the apple grower was not as grossly mischarged

as would appear. Nine accounts included lighterage and reconsignment and pos-

sible bunker charges under freight. In order to secure deliveries by the carrier

indicated, reconsignment and lighterage were necessary. Other deliveries by

the same carrier had included bunker charges and, considering the date of ship-

ment, this charge might rightly be made. Deducting the average bunker charge

and applying the correct lighterage and reconsignment charges, the overcharges

are reduced to $306.32.

Terminal freight as an accounting classification is also indefinite as to what it

includes. Eleven receipts listed "terminal freight" charges which totaled $178.07

or an average of $17.09 per car. Ten of these charges were for or included recon-

signment. Four charges were for moving cars to and from storage at a storage-

in-transit point. Deducting the sum of these charges leaves but $40 chargeable

to terminal freight. All other carrier charges were definitely allocated. The

remaining charges are marketing costs which can apply regardless of the carrier.

The practice of reporting all charges as freight or terminal freight is to be criti-

cised. It gives the grower an exaggerated idea of the freight cost. It hinders his

knowing for what service he is paying. It prevents his changing his shipping order

since he has no notion of what might be eliminated or changed.

Criticisms of rail shipments by the growers pertained to (1) extra charges; (2)

variations in charges. Extra charges may be of two kinds; those incident to ship-

ping or transportation, and those incident to selling or supplementary services.

Charges made by the railroad are for payment of services ordered performed-

The railroad does not move a car to or from storage, does not reconsign a car, does

not give a car second placings, or perform other additional services except when

asked to do so by the shipper or his appointed agent.

Those costs which apply to selling or performing supplementary functions are

added at the request of the commission man or other sales agent. Most of the

growers give their sales agents practically full power to direct the handling of the

fruit.

Variations in charges for equal volumes shipped from the same point to the same

destination may arise from several causes. In the first place, there may be slight

differences in weights per box or per barrel. A small difference per package makes

a noticeable difference in the weight of a car containing 600 to SOO boxes. There

may be errors in rate quotations. If a grower keeps his freight bill these can be
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checked. The principal source of variation is "errors in commission", that is im-

proper allocation of charges by the sales agent. It should be apparent that simi-

lar shipments made under similar conditions to the same destination should move

at the same charge. If one sales report lists each charge by items and the second

report groups several items under "freight" or "terminal freight" it is natural that

the grower should wonder why his shipping charges vary.

Opportunity for dissatisfaction is also afforded by the form in which the sales

agent makes his report. On it are listed the payments made to various agencies

with no accompanying vouchers. The result of this practice is to stimulate the

grower's distrust of carriers and sales agents.

Comparison of Truck and Rail Rales

The only data collected on which to base a fair comparison between truck and

rail rates were on shipments to the New York market. In order to get the actual

trucking rate paid, the data were obtained from the growers. No attempt was

made to secure rates from trucking companies against which to check the charges

secured from growers. It is conceded that truck operators quote charges to fit

the situation, hence any figures given by them would be of little value in this study.

Certain differences in practice must be recognized before a reasonably sound

comparison between charges assessed by railroads and by trucks can be made.

First, the unit on which the charge is based. Railroads quote rates in cents per

hundred pounds: - viz., Amherst, Mass., to Barclay Street, New York City, 26

cents per hundred pounds.^ Truck operators quote rates in cents per box or

package : - viz., Amherst, Mass., to New York, 15 cents per box. A box of apples,

however, weighs approximately 45 pounds.^ Two and a fifth boxes weigh

100 pounds; in other words the truck operator's rate from Amherst to New York

is ii cents per hundred pounds. The last column of Table 5 shows the converted

truck rate per hundredweight.

This railroad rate is effective only when apples are shipped in car lots with a

minimum weight of 24,000 pounds, or about 540 bo.xes. The railroad rate on less

than carloads is approximately twice the carload rate; for example, from Amherst

to Barclay Street, it is 52 cents per hundred pounds. The rate per box by truck

ordinarily does not vary with the size of the load, unless the load consists of only

a few packages.

Another difference which must be considered pertains to the application of the

rates. Rail rates apply from definite points in Massachusetts to definite destina-

tions in New York City. The groupings of towns which the railroads use in es-

tablishing rates are few. For the most part rail rates are established on a point to

point basis. On the contrary, truck operators evidently had but one group of

towns from which to develop rates in 1931 and but two groups for 1932. It would

seem that the boundaries of the groups vary to meet the situation.

The computed savings per car (derived from Table 6) on shipments by rail are

net. Barclay Street deliveries are given overnight service. Apples can be shipped

in ventilator cars without ice provided they are not out of storage. Except in

particularly inclement weather even apples out of storage may be loaded in ven-

tilator cars and arrive in good condition. There is then no bunker or icing charge.

^Boston and Maine origin.

'Corbett, R. B. and Christopher, E. P., "A Study of Apple Containers." R. I. Agr. Expt.

Sta. Bui. 227, 1931.
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No charges are made for the loading or unloading of rail shipments. At Barclay

Street the unloading service is performed by railroad employees at no cost to the

shipper.

No charge for loading was included because this varied under different condi-

tions. If the car was loaded at a time when farm labor and equipment were

otherwise idle, the cost was negligible. If the loading was done when picking was

at its height a charge of $.5 to $10 might well be added to the computed cost of

shipment by rail.

The charges collected for moving 600 boxes of apples by rail from points in

Massachusetts to the various stations in New York are given in Table 6. The
cost of shipping an equal volume by truck is indicated in the last column.

Table 6. — Charge from Stations in Massachusetts to Stations in New
York City (600-box lots)

\
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In Essex County shippers are served exclusively by the Boston and Maine, those

in Plymouth County solely by the New Haven. In the southern part of Worces-

ter County the New Haven is the principal carrier, with a few growers receiving

service from a branch of the Boston and Albany. The growers in "Apple Valley"

in Franklin County are served by the Boston and Maine, as are those in Williams-

town; those in Hampshire County by the New Haven, the Boston and Maine and

the Central Vermont railroads.

Most of the growers have easy access to a rail carrier.

Freight Tariffs Applying to Apples

Apples take a fifth class rate^ in carload lots with a minimum weight of 24,000

pounds. This class applies both to apples in packages and to those shipped in

bulk. In computing the freight charge on apples shipped in barrels, the weight

used is 160 pounds. ^° Apples shipped in boxes take the actual weight. The joint

rates between points in IVIassachusetts and New York are governed by the New
England Freight Association's "Joint Class Rate Tariff, applying in either direc-

tion between stations in New England and New York."

The joint rates between points in Massachusetts and the other cities in which the

outside markets are located are each governed by a New England Freight Associa-

tion joint tariff of class rates. The rates as published in these tariffs apply only

when shipments are made in accordance with the exceptions specified in the tariffs

of the different railroads carrying the shipment and in accordance with routing

instructions as given in the routing guide of the originating railroad. Adherence

to routes as published in routing guides of originating carriers is necessary if ship-

ments are to receive the benefit of through rates.

It is desirable for the shipper to designate the delivering carrier so that the rail-

road on which the shipment originates can give it the fastest route. There are

literally dozens of routes a shipment may follow to some of the markets in the

territory east of the Mississippi and north of the Ohio River.

All standard routings are published by the rail carriers in routing guides. Some

routes may be more expensive in terms of total freight cost than others. The

freight rate between two points may be the same, yet the total freight charge may
be radically different. Once the delivering carrier is determined the most economi-

cal route to be used in reaching that carrier is of utmost importance.

As an example of the importance of routing, the following case may be cited.

Acarloadofapples originated on the Boston and Maine in northeastern Massachu-

setts and was destined Erie Pier delivery in New York City. Routing orders were

to be given by the commission man from New York. These orders were not given

until the car had passed Troy and had been transferred to the New York Central.

Properly routed the car should have proceeded via West Shore Railroad to Wee-

hawken. After passing Troy the car could not be transferred to the West Shore.

The shipment reached the 60th St. yard of the New York Central in New York.

The connection of the New York Central with the Erie in the New York switching

area is at Weehawken on the New Jersey side. To reach Weeha\\ken involved

9 Consolidated Freight Classification, No. 6. Interstate Commerce Commission Official

Classification 50, P. 214, Item 27.

lOExceptions to Official Classification, Boston and Maine, Interstate Commerce Commission.
A2677, P. 27, Rule 205. Weight applies regardless of true weight. E.xceptions to Official Classi-

fication, New Haven, Interstate Commerce Commission, F3270, P. 27, Rule 220.
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the use of a car float across the Hudson. Here the car was delivered to the Erie.

But the Erie fruit terminal pier is on the New York side, so the car was floated

back across the Hudson by the Erie Company. These two floatage movements

cost more than the freight charge from Massachusetts to 60th St. yard. As a re-

sult the total freight bill amounted to 223 per cent of the freight rate from the point

of origin in Massachusetts to New York City.

Acircumstance like the one just cited might easily destroy the shipper's margin

of profit. Routings may be obtained from the local agent of the railroad. Any
routing should be checked to see that it will give the minimum freight charge. In

the last section of this bulletin on potential markets, minimum cost routings may
be found.

Incidental Services Offered by Rail Carriers

Most rail carriers offer shippers a choice of several routes over which a car may
move under the through rate. The combinations are fixed and are published in

the Routing Guides of the various roads. For delivery at some markets, selection

from as many as fifty different routes may be made. Representative standard

all-rail routings are listed with the descriptions of market facilities.

A differential all-rail routing may be used on traffic moving to a few cities. The

shipments move in part over a Canadian road. The time in transit via this type

of routing is supposedly twenty-four hours longer. To compensate for this

slower service the rate applicable is lower than over a .standard all-rail routing.

On apple shipments the rate is commonly 2 cents per hundredweight less.

Occasionally a grower might find it advantageous in a market where two or more

produce terminals operate to switch a car from one to the other. The railroad per-

forms this service under the provisions of tariffs regulating the handling of produce

in the particular city. The charge varies with each market. Usually one free

movement to a private siding is permitted. Other movements involve at least a

reconsigning charge of $6.30 per car. In the discussion of the markets used as

illustrations, the actual switching charge applicable is noted.

If it is desirable to change the delivering carrier after the car is rolling, the car

may be diverted. The order requesting diversion should be filed with the local

agent before the car passes the diversion point. The charge for this service is

$2.70 per car. Before requesting diversion, the grower should find out through the

local agent where the car is and whether or not it can be diverted under the through

rate plus the diversion charge.

The supplementary services of diverting, reconsigning and switching are made

available so that growers may market their shipments more advantageously.

For growers in Massachusetts the need of these special services is not as great as it

is for growers farther from the markets. Their utilization by local producers is

apt to be for the purpose of meeting an unusual situation. The railroads are ready

to meet the request. The change in orders requires varying degrees of additional

work from the railroad. The locating of cars, the changing of billing Instructions,

etc., are services for which the shipper (grower) should expect to pay.

Relative A dvanlages A mong Prodticing A reas

The freight charge is the largest of the costs Incident to the actual handling of

apples and reflects most markedly the favorable position which growers in one

region have over those in another. Refrigeration charges are an appreciable item



SHIPPING MASSACHUSETTS APPLES 17

particularly on apples from the west. Shipments from this area usually move

under standard refrigerator service for which the charges are higher than for

"icing". Differences in refrigeration costs between producing areas and north-

eastern markets are negligible except in the case of shipments from the far west.

Some small local variations occur in costs of loading, packages and packaging.

In determining the relative advantages of producing areas in supplying certain

markets, freight charges computed on the cost of shipping a car of 600 boxes,

western type, were used.^^

If an attempt were made to construct a total marketing cost, exclusive of commis-

sions, items would be introduced which would make the comparison of question-

able value. The freight charge, however, as a basis of comparison is sound. It is

relatively stable; it can be accurately determined; it lends itself well to this type

of work, particularly when the distances between areas are large enough so that

points of origin and destinations are grouped.

The advantage of the lower freight charges which Massachusetts growers enjoy

as a result of being near the consuming areas is wider in its application than is

normally appreciated. Large advantages accrue from lower freight charges on

shipments not only to Boston or New York, but also to many other markets in the

northeast.

A comparison of the freight charges from Massachusetts points to certain markets

with the corresponding charge from the farwest to the same destination emphasizes

the advantageous location of Massachusetts growers. To nearby points such as

New York, local growers pay $250 to $272 lower freight charges per car than

California, Oregon or Washington growers pay. To more distant points, for

example, Cleveland, the difference in favor of Massachusetts growers varies from

$221 to $232. Table 7 lists the advantages arising from lower freight charges

which Massachusetts growers enjoy over West Coast growers.

A comparison of charges from Massachusetts points with those from the apple

regions of New York State to eastern markets shows the advantages of situation

to be about evenly divided. To markets such as Cleveland, Cincinnati and

Detroit the advantage is generally with New York State.

Table 7

—

Differences in Freight Charges to Certain Markets from
THE West Coast and from Massachusetts Shipping Points

Range Of Advantage
Market From Massachusetts Points

New York (Barclay St.)

Philadelphia

Baltimore

Washington

Pittsburgh

Cincinnati

Cleveland

Detroit

Chicago

St. Louis

Shipments from the West Coast move under a commodity rate. The minimum volumes which

can be shipped to take this rate are roughly 700 or 800 boxes, depending on the size of the refrig-

erator car.

From $25L10 to $272.70
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Apple growers In the Shenandoah region have an advantage (ranging from $5

to $50 per car) in all the markets under discussion except New York City.

Terminal Facilities in Potential Markets

Detailed information concerning terminal facilities was obtained for seven

markets. This information was secured through correspondence with various

city organizations and by contact with railroad representatives. These cities

may be regarded as the best prospective markets for New England apples. The
information should be helpful in assisting growers to make more satisfactory

shipments to these consuming centers.

New York

Among the heavy consuming areas to which Massachusetts growers are shipping

and to which they may expect to ship increasing amounts is New York City.

Characteristics which tend to make it a favorable consignment point are its capa-

city to absorb volume, its relative nearness to local producing areas, the exception-

ally good highways which encourage shipping by truck, and the market facilities

provided by railroad companies.

From the viewpoint of adequate facilities for handling rail shipments, this

market ranks among the best. There are several produce terminals, all owned

by the railroads. The Barclay Street station of the New York Central is the only

one in the Washington wholesale and jobbing market district to which Massachu-

setts growers may ship under protection of the through rate. Other stations in

New York to which a through rate applies from points in Massachusetts are the

33d Street terminal for New York Central Railroad delivery of lots originating

Boston and Maine or Boston and Albany; pier 29, East River, for lots originating

on Central Vermont; and the Bronx Produce House and Pier 37, East River, for

shipments originating on the New Haven.

The principal produce terminals. Pier 20 on the Erie and Pier 27, 28, 29 on the

Pennsylvania, do not receive shipments from Massachusetts under the through

rate. The additional cost for consigning to these stations is discussed elsewhere.

(Table 6, p. 14).

The choice of stations is dependent primarily on the railroad which serv-es the

shipper. Occasionally, if prices warrant, the location of the consignee's place of

business may be the factor governing destination.

It is important to note the necessity of consigning cars to a receiver at a definite

point in New York; viz.. Green & Company, Barclay Street, and not just Creen

& Company, New York. The following excerpt is from Pennsylvania Railroad

Tariff 1426A, Interstate Commerce Commission 940, Page 4, note L

There are no stations known as New York or Brooklyn and
by reference to Rule 2v5 of this tariff you will note car lot traff-

ic for which shipping order or Bill of Lading does not show a
specific station must be receipted and carded and billed to

Greenville Piers or Manhattan P'iers, N. J., permitting proper
delivery to be made by the agent in charge.

This note is of particular application to shipments taking Pennsylvania Rail-

road delivery at New York. It emphasizes the need for exercising judgment and

care in consigning to this market.

l^Car must originate Boston and Maine or Boston and Albany.
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Railroad Produce Terminals in tlie New York Marliet.

Markets
O—Jobbers

X—Wholesalers and jobbers.

1. Harlem
2. Washington
3. Wallabout

Terminals
North River

P—Pennsylvania. Piers 27, 28, 29.

20—Erie. Duane St.

17—New York Centra!. Barclay St.

East River
29—Central Vermont
37—New York, New Haven and Hartford

B—Bronx
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A part of New York has been designated as the New York Harbor Lighterage

limits. Handling of traffic within this area is done under provisions in the New
'N'ork harbor tariffs of the several carriers. The tariffs specify that "Fruits, fresh"

shall not be contracted lighterage free. Regulations governing substitution

of float service for lighterage are provided as are also exceptions which may apply.

The local shipper need not be concerned over the multiplicity of regulations apply-

ing in this area. For the most part they will not concern him except when he has

stored apples at Jersey City to be sold later at one of the points in the market area.

There are no reciprocal switching arrangements in the New York terminal

district. The rates for performing the service vary, depending on which carrier

performs it. Between Weehawken and New York City points over \^'est Shore

or New York Central'-' facilities it is 3 J cents per hundredweight or 76 cents per

ton net or gross as rated. From Jersey City to Pier 20 for Erie delivery the rate

is 13 cents per hundredweight. This charge also applies for traffic carried by the

Erie for delivery in the New York terminal area by the New York Central.'*

From Jersey City to Pier 27, 28 and 29 over Pennsylvania Railroad facilities the

rate is 6 cents per hundredweight. In addition to each of the charges there is a

reconsigning charge of S6.30 per car.

Whether or not charges will be made for unloading depends on the delivering

carrier and the receiver. At Barclay Street the receiver unloads the car. He
may or may not directly charge for the service. At Pier 27, 28 and 29 the Pennsyl-

vania unloads the cars free. In unloading for auction, however, the consignments

are assorted according to marks, sizes, etc. For this grouping into lots there is

a charge of $2.35 per car.'^ On sales reports received by Massachusetts ship-

pers there was listed an "auction labor" charge of $3.50. Probably the unload-

ing charge was included in that sum. The difference may have been paid to

"directors" who are employed by the auction company for directing the stacking.

At the Erie pier the arrangement Is similar to that at the Pennsylvania. When
the cars are unloaded and the packages placed in one stack there is no charge.

For separating the packages into grade, sizes and marks the railroad charges $2.35

per car.'^

Routings to New York are very simple once the station is designated. The fol-

lowing arrangements are illustrative

:

Barclay Street or 2>?>d Street Delivery Bronx Produce House or Pier 37

East River delivery

B&M origin: NYC or WS NH all the way
B&A origin : N\ C or WS B&M origin : NH

Pier 29 East River

CV all the way

i3Interstate Commerce Commission. N. Y. C. 15379, P. 62, rule L. 40.

K Correspondence with Erie.

15 Correspondence. P. R. R.

16 Correspondence, Erie.
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Philadelphia

The facilities in Philadelphia are relatively new and should expedite the distri-

bution of produce. There are two produce terminals both owned by railroads.

The Baltimore and Ohio-Reading terminal is used principally in the distributing of

California and Florida citrus fruits. With the exception of these citrus fruits,

it is estimated that most of the fruits and vegetables consigned to Philadelphia

are received at the Pennsylvania terminal.

The Pennsylvania terminal offers practically any type of service the shipper

desires. It is essentially a three unit plant; an auction building, two private sales

buildings, and a cold storage plant. In addition there is a set of team tracks

provided with platforms which are used for display and inspection. There are

overhead canopies so that weather conditions do not interfere with business.

The arrangement of buildings is exceptionally favorable for shippers who desire

to hold their apples in cold storage. The cars are placed on the tracks of the cold

storage plant immediately on arrival. The apples are unloaded at no additional

. cost to the shipper. When the packages are later moved from cold storage to the

sales rooms there is a small charge. At the time of writing, this fee was one cent

for boxes and bushels and 3 cents for barrels. Movement at this rate was allowed

one way only.

Routing of shipments to Philadelphia is a relatively simple procedure. In any
combination one might expect the Pennsylvania to h-d ths delivering carrier.

Pennsylvania Terminal Delivery B&O- Reading Terminal delivery

B&M origin: NHrPRR or D&H:PRR B&M origin: NH:CRRNJ:Reading
or D&H:CRRNJ:Reading

B&A origin : D&U :PRR or WS :D&H :PRR B&A origin : WS:CRRNJ :Reading

NH origin : PRR NH origin : CRRNJ :Reading

Shipments from Massachusetts will receive second morning delivery in Philadel-

phia.

There is no special problem with regard to switching. One free movement can

be made within switching limits to private sidings. Additional switching will

be done under the provisions of the switching tariff applying at the time the service

is performed.

Washington

This city differs from many in that it lacks a modern produce terminal house for

the handling of perishables. Like some of the other cities, Washington has no
central market district. There are two markets of importance; one known as the

Patterson Tract, the other known as the Southwest Market. From the informa-

tion available it appears that the districts are of equal importance. Each seems

to have a porportional share of the patronage of the dealers. Each claims to be

well located with respect to consumer trade.

The Patterson Tract Market is operated by the Union Terminal Company and
is served by the Baltimore and Ohio Railroad. The railroad does not enter the

tract. Its facilities are conveniently located at the Eckington yard a short dis-

tance away. The yard is equipped with team tracks for handling produce and
several tracks have been set saide for handling this special class of goods. Not
far from the tracks served by the Baltimore and Ohio siding are the warehouses

of several large food distributors. Among this group are Sanitary Grocery,

Atlantic and Pacific and the American Stores, Inc.
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The Southwest Market is not operated hy any specific agency. Rail service

into the market is furnished by the Pennsylvania Railroad. The district is

fairly close to many of the larger hotels.

No switching agreements exist between the Baltimore and Ohio and the Pennsyl-

vania Railroad.

The approximate time required for shipments to reach Washington is two to

three days, depending upon the originating carrier, location of shipping station on

the line of a carrier, routing, etc.

The following list of routings is illustrative of the combination of carriers for

giving delivery.

Patterson Tract Southwest Market

B&M origin : NH :B&0 B&M origin : NH :PRR or

D&H:PRR
NH origin: B&O NH origin: PRR
B&A origin : WS:B&0 B&A origin : NYC :D&H :PRR or

D&H:PRR

\^

Pittsburgh

Facilities for handling apples at Pittsburgh are adequate. In the produce dis-

trict, both the Pennsylvania and the Baltimore and Ohio have terminals for han-

dling perishables. Of the two roads the Pennsylvania offers the more complete

service. Its terminal comprises team tracks, an auction house and a package

delivery house. The Baltimore and Ohio has only team track facilities.

No regulations govern the receipt or handling of apples at the Baltimore and

Ohio yards; nor are any unloading charges assessed by the railroad. Consignees

make sales directly from the car and for that reason do their own unloading.

Pennsylvania Railroad tariff 1472-E (as of date) governs the handling of fresh

fruits at its Pittsburgh terminal. It provides, with specific exceptions, that only

bulk perishables will be handled at the team tracks; boxed apples must be handled

through either the auction or the package delivery house. The owner or consignee

may have either the railroad or some other agent unload the car. If the railroad

is to perform the service, the consignee or owner must inform the railroad prior

to arrival of the car.

Three handling charges apply at the Pennsylvania terminal. For unloading a

car a charge of 50 cents per ton is made. On a car of 600 boxes this would amount
to about $7.00. If the consignment is to be assorted into marks, grades, sizes,

etc., an additional fee of $2.50 per car is applied. These two charges are made by

the railroad. All packages are delivered from the location on the platform to

the tailboard of vehicles which cart them away. For this service the Terminal

Delivery Company charges $5.00 per car. The total handling charge at the Penn-

sylvania terminal will range then from $12.00 to $14.50 per car.

If, after a car arrives at either the Penn.sylvania or the Baltimore and Ohio

terminal, the owner desires to switch to the other, a minimum charge of $25.00

per car is made. In addition, there is a reconsigning fee of S6.30.

Shipments to Pittsburgh are en route about two clays. Whether or not they

receive second or third morning delivery depends on the point and time of origin.

The following list of routings is illustrative of the different combinations of

carriers performing service on Pittsburgh consignments.
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Pennsylvania delivery Baltimore and Ohio delivery

B&M origin: D&H:PRR or B&M origin: D&H:DLcS:W:B&0
NH:PRR orNH:CSD:B&0

B&A origin: WS or NYC: PRR B&A origin: NYC:B&0
or D&H: PRR or

NYC :D&H :PRR NH origin : CSD :B&0
NH origin :PRR

Cincinnati

"The Cincinnati market is a rather split-up affair. The old jobbing section

is near the center of the city. They have a nice new auction and office building

a mile or so away at the railroad and about half way between are the team tracks

—

no terminal yet
"^^

This description indicates that the market is not centralized. With regard to

rail shipping there are two districts about a half mile apart. The fruit auction

terminal, to which reference is made above, is owned and served by the Southern

Railway. It is operated by the United Fruit Auction Company. Sales of citrus

and deciduous fruits are held here. Consignments of local apples could be shipped

for sale through this outlet. Consignments not being sold at auction are handled

in the team track district. The Baltimore and Ohio, the Cleveland, Chicago,

Cincinnati and St. Louis (Big Four) and the Pennsylvania are the principal de-

livering carriers. For a number of years the Baltimore and Ohio Railroad Plum-

wood Yard has been a center of trade in fruit and vegetable traffic.

A large volume of fruit is consigned direct to chain store warehouses which are

served by private sidings. Deliveries are made to them under reciprocal switching

agreements.

Reciprocal switching agreements exist among the carriers so that delivery can

be made by the Southern Railway at its auction terminal at no additional cost to

the shipper. No switching agreements are in effect among the carriers giving team

track service; consequently any movement of apple shipments among them will

be governed by the tariffs in effect at the time. The possibility of a situation of this

kind arising is practically nil.

No published unloading or cartage charges exist. Each consignee makes his

own arrangements for these services.

Possible standard routings on shipments to Cincinnati are as follows:

B&M origin: D&H:DL&\V:B&0 NH origin :CSD:B&0 or PRR
orNYC:CCC&ST.L
or D&H:PRR

The time in transit is about three days. A car might arrive in time for the

market of the third day; it certainly would be ready for a fourth morning market.

W. E. Piper in the Report of the 37th Annual Meeting of the Massachusetts Fruit Growers'
Association, Inc., 1931.
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Cleveland

Cleveland is well equipped with facilities for handling produce. The trading is

probably centered at the Northern Ohio I" oo 1 Terminal (N.O.F.T.) which is made
up of a market district, an auction building and team tracks. The trade has its

offices in the market district, which is composed of four units. The auction build-

ing is adjacent to the district and also to the cold storage warehouse.

The N.O.F.T. is served e.xclusively by the New York, Chicago and St. Louis

(Nickel Plate). This line has, however, entered into switching agreements with

the Pennsylvania, the Baltimore and Ohio, the Wheeling and I^ake Erie, and the

Erie so that cars may arrive at Cleveland via these carriers and be delivered to the

terminal by the New York, Chicago and St. Louis at no extra cost to the shipper.

There is no switching agreement between the New York Central and the Nickel

Plate. Cars arriving at Cleveland via the New \ork Central can be placed at the

N.O.F.T. at an additional charge of vS12.50.

In addition to the N.O.F.T., the team track facilities of the New York Central

are available to shippers of apples. These are located at the Orange Avenue termi-

nal of the New York Central, about one-half mile from the central distributing

district.

Under general conditions routings should be combinations which will give New
York, Chicago and St. Louis delivery. Because of their reciprocal switching ar-

rangements the Pennsylvania, the Baltimore and Ohio, the Erie, or the \\ heeling

and Lake Erie maybe substituted for the New York, Chicago and St. Louis.

Representative routings are as follows:

B&M origin :D&H -.Erie :NYC&ST.L or NH origin: PRR or B&A:NYC:
NH:Erie:NYC&ST.Lor NYC&ST.L
WS:NYC&St.L or

NYC:NYC&St.L or B&A origin :N\C:NYC&St.L
D&H:PRRor
D&H: P-rie or

NH: Erie

There are no differential routings vhich apply at Cleveland. The standard all-

rail routing requires approximately three days for shipments from Massachusetts.

The Terminal Company does not assess a charge for unloading either at the

team tracks or the market district. Since the terminal is not a sales shed, each unit

holder is obfiged to truck produce consigned to him to his store for sale. On con-

signed cars, commission men charge shippers from S15 to $20 for unloading and

trucking the shipment. Insofar as this charge is not fixed, it might be possible

for shippers to make more advantageous agreements with the consignee.

Detroit

The city of Detroit is well equipped with facilities for handling and distributing

produce. It has two modern terminals, owned by railroad companies, through

which practically all shippcd-in fruits or vegetables pass. The Detroit Union

Produce Terminal was opened by the Wabash in 1929. The Michigan Central

Terminal is older but has expanded its facilities to meet the needs of the trade.

The plants are about on a parity although the Detroit Union Produce Terminal is

the only one having auction facilities.

Each terminal is served by specific carriers. Traffic consigned to the Detroit
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Union moves over the Union Belt Railroad which is owned and operated by the

V\^abash, Pere INIarquette and the Pennsylvania.

Shipments moving to the A-Iichigan Central Terminal are carried exclusivelv by

the Michigan Central Railroad, a subsidiary of the New York Central.

Reciprocal switching arrangements (e.xcept between the New York Central and

Pennsylvania) exist among the carriers insofar as deliveries to private sidings are

concerned. No switching arrangements apply among carriers for delivery to the

produce terminals.

Handling charges are in effect only at the Detroit l^nion Terminal. A fee of Sll

per car is charged for unloading.

The shortest standard all-rail routings to the Detroit Union Produce Terminal

on shipments which originate on the Boston and Maine apply for Pennsylvania

delivery. A car may move either

B&M origin: DcS:H:PRRor

NH: PRRor
NYCAVab. or PM

On cars that originate Boston and Maine and which are consigned to the Michi"

gan Central Produce Terminal a routing that gives either Michigan Central or

New York Central delivery may be equally direct. Among the routes over which

the shipment might move are:

B&M origin: NYC:MCRRor
NYC (E):NYC (Wj

Routings for cars originating on the New Haven and consigned to the Detroit

Union Produce Terminal are as follows:

NH origin : PRR or B&A:NYC :Wab. or PM
The time in transit from most points in Massachusetts to Detroit is three days.

On differential routings the time is supposed to be twenty-four hours longer.

Summary of Market Analysis

It is possible to draw a few general conclusions about the markets. Among them

is the desirability of a beginner's adhering to the established channels. It assures

him of the minimum amount of difficulty in consigning his shipments. There may
be little need to suggest that it is through the organized channels that the trade in

general may best become acquainted with a grower's offerings.

It will be noted that in some markets the produce district is centralized ; in others

it is broken up. Some markets have one terminal; others two; a few of the larger

have several. The terminals may lie equally well equipped to serve the trade; or

one may have auction, commission sales, and storage units and the other only

team tracks.

Storage facilities at the markets have not been considered in detail. The preva-

lent current opinion is that storage near the place of production is preferable. It

enables the grower to exercise a greater and more satisfactory control over his

apples, particularly as to the time of sale.

The number of railroarls which serve the produce terminals in a market varies.

When a grower or shipper has a choice as to which railroad shall be the delivering
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carrier, the principal consideration should be the relative location of the con-

signee. It might prove to be most satisfactory if the consignee designated the

delivering carrier. Should the shipper wish to become better acquainted with

the services offered by the various carriers in a terminal, he might secure the

necessary information from the New England representatives of the delivering

carriers. These agents are located in Boston and are very willing to assist the

shipper in solving his problems.

Conclusions

Any solution which is to bring order into the marketing of apples from New

England should be based on centralized distributing units. The cooperative

assembling or bringing together of the crops of several growers before definitely

selecting a market is already practiced in some areas. New England apple

growers in their present practices of consigning to commission men or selling to

country buyers acknowledge the necessity of centralizing a supply. They realize

that their crops are probably more satisfactorily merchandised if handled to-

gether than if handled individually. Some growers are of the opinion, however,

that the person who acts as selling agent is not necessarily best qualified to

assemble their supplies. Nor is he always able to act in the best interests

of all his patrons.

In addition to personal considerations, there is the physical factor. Growers,

market men, and market officials deplore the uncertainties and irregularities

which are attendant upon assembling in a hit-or-miss fashion the apples of various

growers. Market men have little idea what volume to expect each succeeding

day. Growers are at loss to know how much should be consigned. Some as-

sembling will always have to be performed by market men in order to supply

the varying demands of their trade. For the most part, however, the function

of assembling should be performed by the growers themselves.

The associations may be of two general types: (1) Packing and shipping; (2)

shipping.

Either type would fulfill the present need. • It would be desirable for the or-

ganization to be located near a cold storage warehouse. Such an organization

and location would simplify the problem of regulating the volume moving into the

market. The success, however, of a shipping unit would not be prevented even

if it were not centered on a storage plant.

In addition to introducing orderliness, associations would help fulfill other

needs. Growers collectively could meet the buyers' demands as to volume,

grade and size specifications. They would be placed on a more nearly com-

petitive bargaining basis with commission men, buyers or other agents. This

would help remove the complaint among growers that selling or buying agents

are in too advantageous a position.

For some years many growers have thought it desirable to combine their crops

in order to merchandise them eflfectively. The low prices and large crops

during the last two years have practically forced all growers to recognize the need

of working out a common solution. Whereas cooperative marketing may once

have been considered desirable it is now becoming necessary.
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Appendix

Glossary

Bunker charge—a charge for icing.

Diversion—a change in routing instructions.

Floatage—a carload lighterage movement usually between railroad terminals.

Freight charge—the price paid for transporting the consignment from the ship-

ping point to the destination (rail).

Freight rate—the price per unit for service; quoted by railroads usually in cents

per hundredweight.

Lighterage—a terminal movement by water to complete a rail shipment.

OfT-hne agent—a railroad representative who has his ofifice in a city not directly

served by his company.

Reconsignment—a change in consignee.

Routing guide—a tariff listing the combinations of carriers over which a shipment

may move under protection of the quoted rates.

Tariff—a published schedule of the current charges, rules, regulations, etc., in

effect by railroads.

Railroad Name Abbreviations

B&A Boston and Albany

B&M Boston and Maine
B&O Baltimore and Ohio

CCC&St.L Cleveland, Chicago, Cincinnati and St. Louis

CRRNJ Central Railroad of New Jersey

CSD A combination of roads through Pennsylvania

CV Central Vermont
D&H Delaware and Hudson
DL&W Delaware, Lackawanna and Western

Erie Erie Railroad

MC Michigan Central

NH New York, New Haven au'l Hartford

NYC New York Central

NYC&St.L (Nickel Plate

(New York, Chicago and St. Louis

PM Pere Marquette

PRR Pennsylvania

Wab. Wabash
WS West Shore
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CHEMICAL COMPOSITION OF HERBAGE FROM
MASSACHUSETTS PASTURES

By J. C. Archibald, Assistant Research Professor, and E. Bennett,
Research Assistant, in Chemistry

Introduction

III connection with a series of studies on the composition ot grasses it was

cunsiciererl advisable to nialce a survey of pasture conditions throughout the state.

The senior author has observed for years that young cattle often return from

pasture in the autumn in poor condition : not only thin, but stunted in appearance

and with harsh coats Farmers usually dismiss this by saying that the feed has

been "short", but that no permanent harm has been done to the animals; that by

the time they are full grown they will be as good individuals as they would have

been if their growth had not been subject to these seasonal checks.

This situation has been a matter for speculation on two counts,

( 1

)

!s the poor condition of the stock due necessarily to scanty grazing? May
it not be du.> in some cases to a deficiency of certain elements essential to the well-

being of the animals?

(2) Po the animals make as good individuals at maturity as they would have if

they had always had access to grazing unrestricted in any sense of the term?

May not some of the productive and repro luctive failures of mature cows be trace-

able to these nutritional "low spots" of their youth?

With these considerations in mind it was decided to ascertain whether there

are any deficiencies in the composition of the natural herbage of our pastures, and

what differences uiay exist between different localities in this resi)ect.

Methods

The survey was conducted during the seasons of 1930 and 1932 in collaboratioi

with the Department of Agrononn of the Massachusetts State College and thj

county agricultural agents of the four western counties of the state. Approxi-

mately a hundred samples of herbage were taken from representative pastures in

Worcester, franklin, Hampshire. Hampden, and Berkshire Counties. From a

maioritv of the pastures, samples of the surface soil were also taken. So far as

possible pastures were chosen which were located on the dominant soil type of the

particular region. Care was used to take samples only from areas which, accord-

ing to the best information available, had never been rop-dressed at all or at least

not for many year?

The constituents determined were: crude protein, crude fiber, calcium, and

[jhosphorus. 2 The relatixe amounts of these substances present serve as a

^Grateful acknowledgment is made of the services of Dr. M. II. Cubbon, who identified the

various soil types -n the field, and of Messrs. J. H. Putnam, A. S. Leland, VV. T. Locke, and H. J.

Talmage, county agents in Franklin, Hampshire, Hampden, and Berkshire Counties, respectively,

who accompanied the writer in his tour of their respective counties and aided materially in locating

typical pasture areas and in securing samples of herbage. The courtesy of Dr. A. B. Beaumont and

Professor R. W. Donaldson in permitting the taking of samples from areas in Worcester County

located earlier by them in connection with other studies is greatly appreciated, as is also the interest

and cooperation of the farmers from whose farms the samples of grass were taken.

'Methods used for the determination of protein and fiber were those of the Association of

Official Agricultural Chemists. Calcium was determined volumetrically by McCrudden's method

and phosphorus colorimetrically by the method of Fiske anil Subbarrow.



COMPOSITION OF PASTURE GRASS 3

fair measure of nutritive value in grass; the first two mentioned, from the stand-

point of organic nutrients, the last two from the standpoint of mineral nutrients.

Detai4ed results are shown in the appendix.

The dominant grasses in these pastures were Kentucky bluegrass {Poa praten-

sii), red top {Agrostis alba), and sweet vernal grass {Anthoxanlhum odoratum).

Prevalent weeds were bluets {Houslonia coerulea), cinquefoil {Potentilla spp.),

dandelions {Taraxacum spp.), buttercups {Ranunculus spp.), everlasting {Anten-

naria plantaginifolia) , Canada thistle {Carduus arvensis), yarrow {Achillea mille-

folium), sorrel {Runiex acetosa), and wild aster {Aster spp) Moss was present in

most cases, and such shrubs as hardhack {Spiraea tomentosa) , sweet fern {Comp-

tonia asplenifolia), blueberry {Vaccinium^ spp.), and brushy cinquefoil {PoteulUla

spp.) were abundant.

Interpretation and Discussion

A comparison of the average of these samples with values given by several other

investigators shows that they measured up quite well so far as protein and mini-

mum fiber content were concerned. They were fairly well supplied with calcium,

some samples being quite high in that element, but for the most part they were low

in phosphoriiB. In general, moisture, protein and phosphorus were higher in the

spring, while crude fiber and calcium were higher in the autumn.

In comparing the samples from different soil types a few words of e.xplanation

as to the location and nature of the several types seems necessary.

The Gloucester series of soils is the dominant type in Worcester County and in

the highlands east of the Connecticut River. The pasture soils of this series are

for the most part stony fine sandy loam, glacial in origin, and usually well drained.

In sonie places the drainage is excessive, and the series in general has a rather low

moisture-holding capacity, so that pastures are susceptible to drought.

The Becket series is characteristic of the eastern highlands of Berkshire County,

occurring mostly on the flattened ridges which are renmants of an old plateau. The
soils are derived from glacial drift, and the texture is for the most part that of a

loam. The moisture-holding capacity is good, due to the compactness of the sub-

stratum.

The Stockbridge series occurs in the western part of Berkshire County in the

foothills of the Taconic mountains and is one of the most extensive and important

in the county. The type is usually a heavy loam, derived from the weathering of

limestone and slate. According to Latimer, crops on these soils "rarely suffer

either from drought or excessive moisture."

The Colrain series of soils is confined almost entirely in this state to the foot-

hills region of Franklin County west of the Coimecticut River, largely in the

towns of Colrain, Shelburne, and Conway, and extending northward into eastern

Vermont. The typical soil is a fine sandy loam which has been considerably in-

fluenced by the weathering of limestone bowlders. The subsoils lack compactness

and crops suffer in a dry season.

The miscellaneous types represented include two samples each from Berkshire

stony loam, Blandford loam, Brookfield loam, Hinckley gravelly loam, and
Worthington loam, and one saniple each from Peru loam and Woodbridge stony

loam. With the exception of the two samples from Brookfield loam and one from
Hinckley gravelly loam, all the miscellaneous samples came from the western

highlands of Hampshire County.
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Table 1 — Summary of Analyses of Massachusetts Pasture Herbage

Average composition—Per cent

Dry matter basis

^ n ;;!

Average - all samples 96 54.74

Average - spring samples 48
- autumn samples 48

Average - Gloucester series:

spring samples IS
autumn samples IS

- Becket series:

spring samples 6
autumn samples 6

- Stockhridge series:

spring samples 6
autumn samples 6

- Colrain series:

spring samples 6
autumn samples f)

- Miscellaneous types:
spring samples 12

autumn samples 12

I'or Comparison:

Vermont' (natural pasture)

England^ (cultivated pasture)

Scotland' ((natural pasture)
(poor hill pasture)

.57 .19

West -A-Ustralia* (good),
(poor) .

New Zealand' (good),
(poor)...

South .Africa' (very poor).

59.96
49.51
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(3) There was a low average phosphorus content in the herbage from all

series, falling below all but two of even the poorer values reported from other parts

of the world, which have been included in Table 1 for purposes of comparison. A
few scattered samples had a phosphorus content above .25 per cent, but the ma-

jority of the samples were under .2 per cent.

Orr'^ in his review of the subject points out that a good pasture will contain

approximately .7 per cent of lime and .3 per cent of phosphorus. Review of

the available data indicates that about .15 per cent of phosphorus in the herbage

is the lower limit of safety. Below that point the deficiency may seriously limit

the value of the pasture for grazing purposes, while below .1 per cent mineral

deficiency diseases become prevalent.

It would seem, therefore, that many of these Massachusetts pastures are border-

ing on a deficiency of phosphorus, if not actually over the danger line. This

statement is particularly applicable to the lighter soils toward the end of the graz-

ing season, especially if there has been a period of drought. Note especially in this

connection the September values for the samples from Colrain fine sandy loam

and for most of the samples taken in Hampshire County.

One direct result of drought is to lower the moisture content of pasture grasses.

In these samples correlation of this lowered moisture content with a lowered phos-

phorus content was very evident. The average moisture content of samples con-

taining less than .2 per cent of phosphorus was 51.2 per cent, while for those con-

taining .2 per cent or more of that element the average moisture content was 60.8

per cent. This correlation bears out the observation of Orr that "the percentage of

phosphorus tends to decrease with drought." A similar correlation was noted be-

tween moisture content and protein content. Samples below 15 per cent of protein

averaged 46.9 per cent of moisture; those over 15 per cent of protein averaged 61.1

per cent of moisture.

Results of Partial Analyses of Some of the Pasture Soils

Mention has been made of the fact that samples of the surface soil were taken

from a majority of the pastures visited. Twenty of these samples have been util-

ized to ascertain possible differences in the acidity of the various soil types, and

also to see if there was any correlation between the content of available phosphorus

in the soil and the phosphorus content of the herbage.'*

The data indicate that these soils contained in almost all cases a goorl proportion

of fine material and were only moderately acid. The Stockbridge soils showed the

influence of their limestone origin in a somewhat higher pH (closer to neutrality)

than any of the others. With certain exceptions to be noted, there was little or

no correlation between the available phosphorus in the soil and the phosphorus

content of the grass growing on it. The exceptions are the afore-mentioned Stock-

bridge series of soils and certain scattered samples with high values, viz. : a Glouces-

ter loam from Brimfield, a Becket loam from Sandisfiekl, and a Peru loam from

Chester.

The values for the Stockbridge series are reasonably constant and also relatively

high, due possibly to the influence of lime in fixing the phosphorus in relatively

^Orr, J. B., Loc. cit.

*The hydrogen ion concentration of ttie soils was determined by means of a Leeds and Nortlirup

potentiometer, using a quinhydrone electrode. Available phosphorus was determined by the method
of Truog. (Jour. Amer. Soc. Agron. 22:874, 1930.)
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available form. The scattered high values from other types are doubtless purely

accidental. They probably represent areas which, unknown to their present

owners, were formerly under cultivation and hence received applications of either

manure or fertilizers. The soil which showed a very high value for available phos-

phorus (172 parts per million) was from a pasture which casual inspection showed

to be much superior to the average from the standpoint of freedom from brush and

weeds, and also with respect to the quantity of herbage and closeness of the turf.

Table 2 — Analytical Data of Pasture Soils

Soil type
and

location

Content of pasture
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In view of what has been said above regarding lack of correlation between avail-

able phosphorus in the soil and the phosphorus content of the grass growing on it,

the wisdom of applying phosphate fertilizers to the soil for the purpose of increas-

ing the phosphorus in the herbage, may be questioned. In fact, it is doubtful if

economic considerations would warrant such n procedure.

In those cases where the evidence points to a definite shortage of phosphorus,

probably a better plan would be to allow the animals access to a mineral supple-

ment such as steamed bone meal, or to feed them small amounts daily of such

concentrates as wheat bran, linseed meal, or cottonseed meal, all of which are

relatively rich in phosphorus.

There is an opportunity here for further investigation in order to ascertain the

etificacy of such practices under conditions in this state and in New England gener-

ally. Similar procedures in other regions of the United States and in certain for-

eign countries where the shortage of phosphorus is acute have proved highly

beneficial.

Summary and Conclusions

A survey of Massachusetts pastures from the standpoint of chemical composi-

tion was conducted during the seasons of 1930 and 1932. Approximately one

hundred samples of herbage from representative natural upland pastures were

collected from various localities in the five western counties of the state. These

were analyzed for moisture, crude protein, crude fiber, calcium, and phosphorus.

Samples of the surface soil from some of the pastures were also tested for acidity

and available phosphorus content.

In general, the herbage from pastures located on Becket loam and Stockbridge

loam, two common soil types in Berkshire County, was superior to that from

pastures in the counties farther east. It contained more protein and minerals

and less fiber, and the quantity of grazing available was usually greater.

Judged by results obtained elsewhere and by standards formulated as a result

of e.xperience in the important grazing areas of the world, all of the samples meas-

ured up quite well in their protein content and were not unduly high in fiber. The
amount of calcium ranged from fair to good, but there was quite a decided de-

ficiency of phosphorus. This was especially true on the lighter, less drought-

resistant soils and in the autum.n samples.

In general, moisture, protein, and phosphorus decreased from spring to autumn,

while fiber and calcium increased. There was a very definite relation between

moisture content of the grass and its content of protein and phosphorus.

The soils studied were onl}' moderately acid, having a pH range of .5.1 to 6.0,

most of them above 5.5. For the most part, however, they were low in available

phosphorus, which checks with the deficiency of the herbage in this respect,

although no definite correlation between the two could be established.

It is concluded as a result of the study that

:

(a) The moisture supply is the most important single factor in pasture

management. In a region such as this, where the rainfall is (juite uniformly dis-

tributed over the territory in question, the supply is dependent very largely on

soil type.

(b) Poor quality of herbage is usually linked with scanty grazing.

(c) There is an opportunity for investigation of the relative seriousness of

phosphorus deficiency in our natural pastures and the best means of overcoming it.

Publication of this document .\pproved by the Commission on .^dministr.\tion .\nd Finance
4M-11 '33. No. 9650.





MASSACHUSETTS

AGRICULTURAL EXPERIMENT STATION

BULLETIN No. 301 NOVEMBER, 1933

Characteristics of Non-Broody
and Intense Broody Lines

of Rhode Island Reds

By F. A. Hays

The practical poultryman is interested in decreasing broodiness in his

laying flock. The data presented here show to what extent this can be

accomplished by ordinary selection methods without the use of tested

males. There is included also a comparision of fecundity characters and

of egg records of non-broody and broody lines.

MASSACHUSETTS STATE COLLEGE
AMHERST, MASS.



CHARACTERISTICS OF NON-BROODY AND INTENSE
BROODY LINES OF RHODE ISLAND REDS

By F. A. Hays, Research Professor of Poultry Husbandry

INTRODUCTION
American breeds ol poultry such as the I'lyniouth Rock, Rhode Island Red

and Wyandotte normally exhibit a considerable degree of broodiness. Within

recent years, however, the development of flocks for high fecundity has greatly

reduced the amount of broodiness in these birds so that some flocks compare very

favorably with Leghorns in freedom from broodiness. For example, the Massa-

chusetts Agricultural Experiment Station flock of Rhode Island Reds has been

reduced from 90 per cent broody in 1913 to about 14 per cent broody in the pullet

year at the present time. A similar change has taken place in many flocks of the

American breeds throughout the world.

The lowering of egg production by loss of time during broody periods is widely

recognized. Goodale, Sanborn and White (1920) showed very definitely that

Rhode Island Red females lose from 11 to 66 days in non-productive broody

periods during the pullet laying year. Hays and Sanborn (1927) pointefl out a

net correlation of .5630+ .0097 between total days broody and annual production

during the pullet year. Jull (1932, p. 228) states that 494 Rhode Island Reds at

the U.S. Animal Husbandry Experiment Farm that were non-broody in the pullet

year averaged 204.78 eggs compared with 477 that showed broodiness and aver-

aged 179.65 eggs.

This report concerns itself with two lines of Rhode Island Reds bred for non-

broodiness and intense broodiness, respectively, for the nine-year period of 1923

to 1931. Care was taken to avoid close matings so that with few exceptions mat-

ings no closer than cousins were made. It was necessary to introduce males and

females occasionally from the production-bred flock in order to avoid close matings.

Mating pens in the two lines were generally made up in part of tested hens and

cocks and in part of untested pullets and cockerels. Breeding stock was selected

in both lines for similarity in all traits affecting fecundity, except broodiness.

The non-broody line was selected constantly for freedom from broodiness and

the broody line for intense broodiness. All female breeders in the non-broody line

were free of broodiness in their pullet year and all dams in the broody line ex-

hibited broofliness the first year.

EXPERIMENTAL RESULTS
The most important inherited characters affecting egg production are age at

sexual maturity, winter pause, intensity, broodiness and persistency. These five,

according to Hays and Sanborn (1927, loc. cit.), are responsible for about 75 per

cent of the variation in annual production in Rhode Island Reds.

1. Age at First Egg

Data on 1207 broody Rhode Island Red pullets hatched from 1916 to 1925 at

this Station show that the regression of total days broody during the first laying

year on age at first egg was not strictly linear. The correlation ratio was found to

be .1552. +^0189 and positive in nature. The magnitude of this constant is too

small to indicate any significant association between age at sexual maturity antl

total days broody.

Table 1 gives the percentage of broody daughters in the two lines each year

together with the means for the experimental period.

In general the non-broody line showed a greater absolute decrease in mean age
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at first egg throughout the period than did the broody line. The diflferences in mean

age at sexual maturity for the two lines are not significant, however, according to

Fisher's (1930, p. 106) method for measuring the differences in means.

The coefficient of variation decreased slightly in both lines as the experiment

progressed. For the entire period the variation amounted to 12.3 per cent in the

non-broody line and 11.12 per cent in the broody line. These are insignificant

differences and the variability in both lines was probably due largely to environ-

mental factors as Hays (1932) points out.

Table 1. Mean Age at First Egg in Non-Broody and Broody Lines.
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nine-year period indicates that the linkage between broody genes and high in-

tensity genes is sufficiently weak to allow much crossing over, so that non-broody

birds with high intensity occur frequently and were selected as breeders in this

experiment. Such a condition exists abundantly in Leghorns which may have had

a similar evolutionary history.

Table 2. Mean Winter Clutch Size in Non-Broody and Broody Lines.
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The proportion of pause and non-pause birds shown by the detailed data was

1 non-pause to 1.72 pause birds in the non-broody line compared with 1 non-pause

to 1.91 pause birds in the broody line. There were four families in the non-broody

line in which no daughters with pause occurred and only one family in the broody

line that showed no pause daughters. Contrary to earlier observations, the effect

of breeding for non-broodiness in this experiment has been to reduce winter pause

duration.

4. Annual Persistency

Annual persistency is arbitrarily terminated with 365 daj's as a maximum. In

those birds which stopped laying for 30 days or more after March first but before

the close of their 365-day laying year, persistency was less than 365 days. High

persistency is the most important of all inherited characters in relation to annual

production, according to Hays and Sanborn (1927, loc. cit.). The net correlation

between persistency and annual egg production in Rhode Island Reds is +.7501 +
.0063. It is important, therefore, to discover possible relations between broodi-

ness or non-broodiness and persistency of laying.

Although the non-broody line showed higher average persistency than the

broody line in seven of the nine experimental years, the differences in the two lines

were found to be of questionable significance when tested by Fisher's method for

determining the significance of differences in a series of means. It is probable,

therefore, that the two lines are essentially alike in persistency.

Table 4. Annual Persistency in Non-Broody and Broody Lines.
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The first two (litViciilties may be easily met, but the progeny test offers the only

partial solution of the third difficulty.

These data as well as other records of the Station flock indicate that broodi-

ness is a trait which it is very difficult to eliminate completely. As pointed out

elsewhere, a female should not be (Massed as non-broody because she does not be-

come broody during her first or second laying year; for it is not uncommon for

broodiness to manifest itself during the third laying year or even later. Trap-

nesting may also tend to discourage the instinct in some individuals. In order to

eliminate this character in any line of birds, it would at least be necessary to trap-

nest all female breeders throughout their productive life and to select male breeders

entirely on the progeny test after all daughters have completed at least two laying

years. Such a breeding scheme is expensive and is of questionable economic value.

Table 5. Birds Non- Broody in the Pullet Year.

Non- Broody Line Broody Line

Total Non-Broody Birds Total Non-Broody Birds

Number Number
of Birds Number Percent of Birds Number Percent

11
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Table 6 — Non-Broody Daughters (Pullet-Year Record) from
Different Classes of Dams.

(Non-Broody Line Only)
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7. Degree of Broodiness Measured by Number of Broody Periods

One of the most satisfactory measures of degree or intensity of broodiness is

the number of distinct broody periods during the laying year. In the studies

reported here, degree of broodiness was recorded on all individuals during the

pullet laying year, which begins with the first egg laid and ends 365 days later.

Table 7 gives the mean number of broody periods each year for the two lines

throughout the experiment and the mean for the entire experimental periofi. This

table includes only individuals that became broody and not the entire population.

The data in table 7 show very clearly that the degree of broodiness was higher

in the broody line. Without exception, year after year, the mean number of broody

periods per broody bird was smaller in the non-broody line. There w-as also a

slight tendency for degree of broodiness to decrease in succeeding generations in

the non-broody line. The broody' line, however, does not exhibit a significant

change in degree of broodiness.

The coefficients of variation for the two lines do not indicate a decrease in

variability throughout the experiment. This fact suggests that degree of broodiness

is affected by environmental influences, although at the present time there is no

definite information as to just what these environmental factors may be.

The mean number of broody periods for the two lines in the nine year period

was 2.63 +.16 and 3.99+. IL The difference amounts to L36+.19 and is clearly

significant. The data in table 7 as a whole show that the degree of broodiness in

the non-broody line was distinctly less than in the broody line.

Table 7.— Broody Periods for Broody Birds
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The conclusion seems justified, therefore, that degree of broodiness measured by

number of broody periods in the first laying year behav-es very definitely as an

inherited character. The mole of inheritance has not been worked out as yet.

Table 8. Degree of Broodiness in Daughters from Different Classes

OF Dams.
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The data show that the non-broody line gave higher winter egg production

throughout the experiment. By Fisher's method, the two series of nine mean
winter records differ significantly. The weighted means for the nine-year period

are also significantly different. In this experiment the non-broody line gave a

winter egg production more than twelve eggs greater than the broody line.

Table 10. Winter Egg Production in Non- Broody and Broody Lines.
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Summary
1. Two lines of Rhode Island Reds, bred for non-broodiness and broodiness

respectively, were carried through a nine-year period to study the nature of the

broody instinct and its relation to fecundity.

2. These two lines proved to be essentially identical in age at sexual maturity,

winter clutch size, and annual persistency.

?>. The non-broody line exhibited a shorter winter pause than the broofly line,

and also more families free from pause.

4. The mean percentage of non-broody daughters, for the period of the ex-

periment, was 72.66 in the non-broody line and 20.46 in the broody line.

5. Dams free from broodiness for three or more years gave a significantly

greater proportion of non-broody daughters than was obtained from dams free

from broodiness {^ one or two years only.

6. The data indicate that broodiness cannot be entirely eliminated by the

selection of aged broody-free dams. It seems probable that the breeding test for

males offers the only possible solution.

7. The two lines showed a distinct difference in degree of broodiness in broody

individuals as measured by the number of broody periods. The non-broody line

had 2.63+ .16 periods and the broody line 3.99+. 11 periods in this experiment.

S. Degree of broodiness is definitely inherited, as shown by the fact that daugh-

ters showed a rlefinite and consistent increase in degree of broodiness as the number
of broody periods of the dams increased.

9. No difTercnce in mortality in the laying houses was observed in the two lines.

10. Mean winter egg production was about twelve eggs greater per individual

in the non-broody line.

11. Annual egg records were significantly higher for non-broody birds in the

non-broody line than for non-broody birds in the broody line.

12. Annual egg production of broody birds in the non-broody line was greater

than that of broody birds in the broody line.

13. When all birds are considered, the average annual production was 209.81^^

1.67 eggs for the non-broody line as compared with 179.02+ 1.34 eggs for the

broody line.
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A previous study of the influence of temperature on the behavior of gelatin
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has a place in the manufacture of commercial ice cream.
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HIGHER AGING TEMPERATURES IN THE MANUFACTURE
OF ICE CREAM

By W. S. Mueller, Assistant Research Professor, and J. H. Frandsen, Professor,

Department of Dairy Industry

INTRODUCTION

It is a general practice in tiie ice cream industry today to cool the mix to approx-

imately 40° F. over a surface cooler immediately after homogenization and then

to age from 4 to 24 hours at this temperature. The study of the effect of aging

on the properties of the mix and on the finished product has received much atten-

tion in both technical and practical ice cream investigation.

The time factor in aging has received more attention than the temperature

factor because it appeared to be a more fertile field for investigation on account

of the possibilities of wide time variation. On the contrary, the temperature

factor in aging, or the practice of aging only at a low temperature, has remained

unchallenged for a long time, in all probability for two reasons: (1) It was thought

that the aging temperature was limited by bacterial growth to a narrow range,

32° to 40° F., and (2) it was thought that the desirable changes which occur

during aging were favored by low temperatures and therefore the lower the tem-

perature, the greater the benefits to be derived from aging.

A previous study by the senior author (1) showed that a short aging period at

high temperature, followed by aging at a low temperature, increased the basic

viscosity and gel strength of both gelatin ice cream mixture and pure gelatin

water solution, when compared with a solution aged at a low temperature only.

Of the various high initial aging temperatures tried, 68° F. gave the maximum
increase in basic viscosity and gel strength. These results indicate that the

efficiency of the gelatin was increased by a short aging period at high temperature

followed bj' a low temperature aging period.

The purpose of the investigation reported in this bulletin was (1) to determine

whether this increase in gelatin efficiency, due to initial aging at a high tempera-

ture, would be carried over to the finished product, and (2) to determine the

merits and disadvantages of aging at 68° F. when compared with aging at a low

temperature (38° F.).

HISTORICAL

So far as known no data have been published on the effects of aging time and

temperature on the quality of ice cream when an aging temperature above 50° F.

was used for definite periods of time.

DePew (2) made a preliminary study of the effect of rate of cooling on the

viscosity of an ite cream mix. The time intervals allowed for cooling the mix

from 145° to 50° F. varied from 4 minutes to 50 minutes. After cooling to 50°

the mixes were aged at 40° for 24 hours. The results from four trials indicated

that the rate of cooling the mix after homogenization did not materially affect

its viscosity after being aged.
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W right (^) studied the effect of initial cooling temperatures on the behavior

of gelatin in an ice cream mix and in skim milk. After homogenization the ice

cream mixes were cooled rapidly to the desired initial aging temperatures and

then were placed in storage (40° F.) where they cooled very slowly without

agitation to approximately storage-room temperature. Under those conditions'

no definite conclusions could be drawn as to the effect of high initial aging tem-

peratures for varying periods of time because the temperature was not controlled

during the initial aging period. However, this work showed that the rate of

cooling an ice cream mix immediately after homogenization greatly influenced

the behavior of the gelatin in the mix. . .

PLAN OF EXPERIMENT

The general plan of this investigation was to age one portion of an ice cream

mix at 68° and the other portion at .18° F. and make comparisons on the following

points: bacterial growth, titratable acidity, H-ion concentration, basic viscosity,

whipping ability, body and texture, melting resistance, and melting appearance.

The high temperature (68° F.) was used in two ways: (1) as an initial aging

temperature for 4 hours, followed by a low temperature (.?8° F.) aging period of

20 hours; (2) as the only aging temperature for a period of 4 hours. However,

in the latter method the mix was cooled to 38° before it was placed in the freezer.

The 68° aging period remained constant at 4 hours, except for the first experiment,

in which the effect on bacterial growth, pH and titratable acidity was studied.

The aging periods for the control mixes (38°) were always equal to the total

aging period of the mixes aged at 68°.

The influence of varying the gelatin content and the mix composition on the

magnitude of the effects of aging at a high temperature was also studied.

Experimental Methods

Since the ingredients and composition of the mix varied in this study, the

description of the mix is given for each experiment. The gelatin used was a mixture

containing samples of approximately 175 Bloom strength which were obtained

from nine gelatin manufacturers. The three sources of gelatin, namely, calf skin,

pork rind, and ossein, and also the various processes for manufaturing gelatin,

were represented. This composite sample tested 176 (Bloom strength) with

pH 5.25.

Mixes were pasteurized at 145° F. for 30 minutes and homogenized at 2500

pounds pressure at the temperature of pasteurization. In preliminary trials small

batches were pasteurized in ice cream cans set in hot water and cooled by setting

the cans in cold brine. The small batches were aged at 68° in a thermostatically

controlled incubator and at 38° in the cooler. The preliminary trials were checked,

using batches ol approximately 300 pounds which were pasteurized in a commer-
cial pasteurizer and cooled over a surface cooler. These large batches were aged

at 68°, either in the holding tank or by setting 40-quart milk cans in water, and

aged at 38° in the cooler.

The preliminary mixes, one-half gallon in size, were frozen in an experimental

brine freezer which is similar in mechanical construction to a commercial brine

freezer. The preliminary experiments were checked by freezing in a 40-quart

brine freezer. The brine temperature varied from +2° to —5° F. Freezing
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data were secured by determining the temperature of the mix in the freezer and
the percentage of overrun at intervals of 1 minute throughout the freezing process.

All of the samples (pint cartons) within a given series used for comparison were

drawn at the same temperature and at approximately 85 per cent overrun. The
overrun of all samples used for judging was checked by calculations from volume
and weight determinations.

Melting resistance data were secured by subjecting all samples to the same
thermal conditions and noting the appearance of the sample and the rate of

melting. The samples remained in the hardening room (approximately 0° F.)

for several days, after which they were placed on 0.25-inch mesh wire screening

over the mouth of a funnel supported by a ring stand. Room temperature varied

from 70° to 75° F. The melted ice cream was weighed after the samples had been

exposed for l]/^ hours, and photographs were also taken at that time.

Approximately one and three weeks after being frozen the ice cream was

judged by members of the college staff and a class in judging dairy products.

Samples within each group used for comparison were placed numerically and

a three to one preference was assumed to be significant.

The term "basic viscosity" in this investigation is defined as the viscosity

which persists in an ice cream mix after being stirred by ordinary means until

there is no further reduction in consistency. The samples were first tempered

to 68° F. in a constant-temperature bath, then agitated by means of a motor-

driven paddle consisting of a 0.25-inch mesh wire screen. The device was arranged

so as to prevent the incorporation of air and so that the sample could be agitated

while remaining in the constant-temperature bath. A constant agitation time of

10 minutes was used because a preliminary experiment showed no decrease in

consistency of the mix after 10 to 30 minutes of agitation. Basic viscosity deter-

minations were made with the MacMichael viscosimeter, when using the disc

bob, and rotating the cup which contained 125 cc. of mix at 68°, at a speed of

IS r.p.m. Duplicate or triplicate determinations were made. The viscosity measure-

ments were made at a fixed time (3 minutes) after the samples were agitated in

order to prevent any appreciable recovery in the viscosity of the mix. All results

are reported in degrees MacMichael for No. 30 gauge wire.

EXPERIMENTAL RESULTS

The Effect of Aging at 68° F. on Bacterial Growth. pH, and Titratable Acidity

Before studying the effect of aging at a high temperature on the quality of the

finished product, it seemed desirable to determine its effects on bacterial growth,

pH and titratable acidity as these factors are of importance in determining the

practicality of using a high temperature. In order to make this study applicable

to commercial conditions, mixes having different initial bacterial counts were

used. These differences in initial bacterial count were secured by varying the

pasteurization time and by using raw materials of varying quality. Both butter

and sweet cream mixes were used in this experiment. Skim milk powder was the

chief source of serum solids. The mixes were prepared and processed according

to standard procedure as given under experimental methods. After homogeniza-

tion, the mixes were cooled rapidly to 68° F. and then aged at this temperature

in a constant temperature water bath (+ 0.1°). Bacterial platings and pH and

titratable acidity determinations were made on the mix before aging and after
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aging for 2, 4, and (> hours at 68°. A parallel sample, but aged at 38° served as the

control in each case. Bacterial counts were determined by means of the standard

plate method. A Leeds and Xorthrup laboratory potentiometer using the quin-

hydrone electrode was used in making the hydrogen-ion determinations. The
determinations of titratable acidity were made by the Mann's acid test, using

N/10 NaOH with phenolphthalein indicator.

The results of this experiment are given in Tables 1 and 2 and are the average

of duplicate determinations. The data indicate that the effect of aging a pas-

teurized mix for 2, 4, or 6 hours at 68° F. is of little consequence in commercial

ice cream manufacture as far as bacterial count, pH and titratable acidity are

concerned. The data on aging at 38° are in agreement with the findings of other

investigators.

Table 1. Effect of Aging at 68° F. ox Bacterial Growth in a

Pasteurized Mix

Time and Bacterial Count Per Gram
Temperature

of Aging Trial 1 Trial 2 Trial .3 Trial i Trial > Trial 6

Before Aging 50,000

Aged 2 hours:
At 38° F 4.5.000

At 68° F 52,000

.Aged 4 hours:
At .38° F 54,900
At 68° F 50,500

.Aged 6 hours:
At 38° F 42,000
At 68° F 51,400

Table 2. Effect of Aging at 68°F. on the pH and Titratable Acidity

OF A Pasteurized Mix

Trial 1 Trial 2 Trial 3 Trial 4 Trial 5
Time and

Temperature Per cent pH Per cent pH Per cent pH Per cent Percent
of Aging Ac'dity .-Xcidity .Acidity Acidity .Acidity

Before aging 0.182 6.30 180 6.10 0.190 5.9S 0.180 0.200

.Aged 2 hours:
At 38° F 180 .190 6.00 .185 .200
At 68° F 182 6..30 .180 6.25 .190 5.9S .185 .190

.Aged 4 hours:
At 38° F 190 6.28 .190 6 00 .190 .195
At 68° F 1S2 6.33 .180 6.15 .190 5.95 .190 .190

Aged 6 hours:
At 38° F 190 6. .30 .180 6 30 .190 5.98 .185 .195
At 68° F ISO 6.35 .182 6.13 .190 5.98 .185 .200

The bacteriological results are surprising because it has been taught that even

a pasteurized mix must be cooled immediately after homogenization to approx-

imately 40° F. in order to avoid increases in bacterial growth. The probable

reason for no marked increase in bacterial growth ev^en after holding the mix at

68° F. for 6 hours is the natural lag period which follows sudden temperature

changes. However, such factors as sugar concentration, surface tension and types

10,500
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of organism surviving pasteurization must not be overlooked. The probable
reason for no marked increase in titratable acidity and H-ion concentration is

that pasteurization destroys most of the lactic acid producing organisms and that

the mix is highly buffered.

The Effect of Variations in Aging time and Temperatures of the Mix on Basic

Viscosity, Whipping Ability and Quality of the Ice Cream

Four aging treatments were used in this experiment:—4 hours at 38° F., 4

hours at 68° P., 24 hours at 38° P., 4 hours at 68° P. plus 20 hours at 38°.

Aging for 4 hours at 68° P. was tried because of the recent recommendations
of a short aging period. Since in commercial practice it is sometimes inconvenient

to freeze immediately after the 4-hour aging period, this was followed by a low
temperature aging period. Although both 4- and 24-hour aging periods at a low

temperature (approximately 40°) have been studied extensively, they were in-

cluded in this experiment to serve as controls.

A sweet cream mix testing 14 per cent fat, 10 per cent serum solids, 15 per cent

sugar, and 0.4 per cent gelatin (176 Bloom) was processed according to standard

procedure as given under experimental methods. Immediately after homogeniza-

tion the mix was divided and one portion cooled rapidly to 68° P., the remaining

portion to 38°. The 38° lot was again divided, and the two portions aged for 4 and

24 hours, respectively, in the cooling room (approximately 38°). The 68° lot was
aged 4 hours in a thermostatically controlled incubator, after which the mix was

cooled rapidly to 38°, then one portion was immediately frozen while the remain-

ing portion was aged for 20 hours at 38°.

Table 3. The Effect of Aging at 68° P. on Basic Viscosity, Melting
Resistance, and Body and Texture

(Sweet cream mix containing 14 per cent fat, 10 per cent serum solids, 15 per cent sugar, and 0.4
per cent gelatin (176 Bloom).)

B.isic Per cent Numerical

Aging Treatment Viscosity Melted after Rating for

°M 13^ Hours Body and

F.xposure Texture

4 hours at 38° F. (ccntro!)

4 hours at 68° F

24 hours at .38° F (control)

4 hours at 68° F. + 20 hours at .38° F

Data on basic viscosity, melting resistance, and body and texture, as given in

Table 3, are the average of four trials. There was not much difference in basic

viscosity except in the case of the samples aged 4 hours at 68° plus 20 hours at

38°, which were noticeably higher. A comparison of the samples aged for 4 hours

and 24 hours at 38° agrees with previous findings that the basic \-iscosity in-

creases only slightly after 4 hours up to 24 hours aging.

The ratings for body and texture show that aging at the high temperature

produced better results in both cases, with only a slight difference in fav^or of the

short aging period. A comparison of the samples aged at 38° only, showed that the

longer period produced slightly better body and texture.

.iO.7.5
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The data on melting resistance are given in Table 3. and the appearance of the

melting ice cream is shown in Plates 1 and 2. These results show that the samples

aged at 68° F. had greater melting resistance than those aged at 38° only. This

increase, however, was greatest in the mixes aged at 68° only. Aging for 4 hours

at 38° gave a slightly higher melting resistance than aging for 24 hours at 38° F.

The aging temperature also affected the appearance of the melting ice cream.

Samples which were aged at 38° only had a normal melting appearance, while

those aged at 68° F. showed a curdled appearance on melting, which was less pro-

nounced when the 68° aging period was followed by a 38" aging period. This

melting defect was more evident than is shown in Plate 1. Plate 2 is a close-up

view showing more plainly the undesirable nielting appearance of a high rnitially

aged mix provided gelatin content is not changed.

6 2 m 12 7f

T\/AE \y A\I^/UTES

Chart 1. — The Effect of Aging at i\H° F, on the Whipping Ability of Mixes Containing 0.4 per cent
Gelatin,

The overrun data shown in Chart 1 are the average of two trials. From this

graph we may conclude that aging at 68° F.. either alone or followed by a low

temperature aging period, retarded the rate of whipping when compared with

aging at 38°. However, the maximum o\'errun obtained was the same for all

mixes. The data on the rate of whipping of mixes aged at 38° for 4 and 24 hours

show that the longer aging period increased the rate of whipping somewhat.
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Plate 1. — The Effect of Aging at 68° F. on Melting Resistance.
(0.4 per cent Gelatin Used.)

1 — Aged 4 hours at 38° F. (control).

2 — Aged 4 hours at 68° F.

3 — Aged 24 hours at 38° F. (control).

4 — Aged 4 hours at 68° F. plus 20 hours at 38° F.

Plate 2. — The Effect of Initial Aging at 68° F. on Melting .Appearance.
(0.4 per cent Gelatin Used.)

1 — Aged 24 hours at 3S° F. (control).

2 — Aged 4 hours at 68° F. plus 20 hours at 38° F.
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Plate 3. — The Effect of Initial Aging at 68° F. on Melting Resistance when the Gelatin Content
was Decreased.

1 — 0.4 per cent Gelatin (control), aged 24 hours at 38° F.
2 — 0.3 per cent Gelatin, aged 4 hours at 68° F. plus 20 hours at 38° F.
3— 0.2 per cent Gelatin, aged 4 hours at 68° F. plus 20 hours at 38° F.

Plate 4. — The Effect of Initial Aging at 68° F. on the Melting Resistance of a Gelatin-free Mix.
1 — Aged 24 hours at 38° F. (control).
2 — Aged 4 hours at 68° F. plus 20 hours at 38° F.



10 MASS. KXPI'.RIMF.XT STATION BTLLKTIX ?02

^ |i

o _ p .
"5.

- — 3

--^-.-^'•^
.5 ^ — "O -3
— _ il u
•T- -3 -3 CC 5C

^ = 5<<
''I I

"
. -irj'tc

C = — . .

S — ^M-T

•2 ii--
•/•

.£ 4* 5^ -

CO



HIGH AGING TEMPERATURES FOR ICE CREAM 11

The Influence of Gelatin Concentration on the Effect of Initial Aging at 68T.

The preceding experiment showed that aging at 68° F. increased the efficiency

of the gelatin. The next logical step was to determine whether or not this observed

increase in gelatin efficiency was sufficient to warrant a reduction in amount of

gelatin used.

Sweet cream mixes containing 14 per cent fat, 10 per cent serum solids, and

15 per cent sugar were processed according to standard procedure as given under

experimental methods. The control mix contained 0.4 per cent gelatin and was

aged at 38° F. for 24 hours. Mixes identical to the control, except in gelatin con-

centration, were aged 4 hours at 68° plus 20 hours at 38°. The variables in gelatin

concentration were 0.2 per cent and 0.3 per cent. Since the preceding experiment

showed the effect of high temperature aging with a 0.4 per cent gelatin, it was not

repeated in this experiment.

Table 4. The Effect of Initial Aging at 68° F. on the Basic

Viscosity, Melting Resistance, and Body and Texture,

WHEN THE Gelatin Content was Decreased

(Sweet cream mix containing 14 per cent fat, 10 per cent serum solids, and 15 per cent sugar.)

Per cent Basic Per cent Numerical

Gelatin Aging Treatment Viscosity Melted after Rating for

(176 Bloom) °M IH Hours Body and

Exposure Texture

0.4 (control)24 hours at 38° F 51.50 63.4 \ Equal
0.3 4 hours at 68°F.+ 20 hours at 38°F. 45.67 58.8 /
0.2 4 hours at 68°F.+ 20 hours at 38°F. 36.22 70.1 3

24 hours at 38°F. (control) 21.55 33.9 1 Equal
4 hours at 6S°F.+ 20 hours at 38°F 25.-35 30.5 J

NOTE: The no-gelatin series should not be directly compared with the mixes containing gelatin.

The bod}' and texture results were used as the major criteria for determining

the amount of gelatin which may be displaced by using 68° F. as the initial aging

temperature. The data in Table 4 show that a mix containing 0.3 per cent gelatin

and initially aged at 68° F. was equivalent in body and texture to a 0.4 per cent

gelatin mix aged at 38° only. The appearance of the melting ice cream is shown

in Plate 3. It should be noted that samples 1 (control) and 3 have a normal

melting appearance. Sample 2 has a very slight curdled appearance, which,

however, is too slight to be of commercial significance. Since the 0,2 per cent

gelatin sample melted normally and the 0.3 per cent sample was slightly curdled,

the indication is that a gelatin content between the two might be better from the

standpoint of melting behavior. The results of this experiment show that the

objectionable melting behavior, which occurs when a mix containing the usual

percentage of gelatin is Initially aged at 68°, can be corrected by reducing the

gelatin content.

The overrun data for samples 1, 2, and 3 are given in Chart 2, and showed

equal whipping ability, or at least no differences which would have any commer-
cial significance.
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Chart 2. — The Effect of Initial Aging at 68° F. on the Whipping Ahihty of Mixes when the
Gelatin Content Was Decreased.

Effect of an Initial Aging Period at 68° F. on a Gelatin-Free Mix

A sweet cream mix containing 14 per cent fat, 10 per cent serum solids, 15

per cent sugar and no gelatin was processed according to standard procedure

as given under experimental methods. One half of the mix was aged for 24 hours

at 38° P., and the remaining portion aged at 68° for 4 hours, then at 38° for 20

hours. The results (see Table 4, Chart 3, and Plate 4) show that the difference in

aging temperature had no significant effect on basic viscosity, melting resistance

and appearance, and whipping ability. This indicates that the effects of initial

aging at 68°, which were observed in the preceding experiments, were due prima-

rily to the gelatin and not to the milk constituents. In all probability the peculiar

melting behavior of the ice cream containing no gelatin was due to the presence

of foam on the melting surface which retarded the rate of melting.

The Influence of Composition of Mix on the Magnitude of High Initial Aging

Temperature Effects

In order to study the effect of butterfat and serum solids on the behavior of

gelatin when the mix was initially aged at 68° F., the fat and serum solids were

varied from 8 to 14 per cent. A butter, skim milk powder, and water mixture was

selected for the standard mix in this experiment, as it was found that the physical

properties of such a mix could be more readily duplicated from day to day than

-•».l
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Chart 3. — The Effect of Initial Aging at 68° F. on the Whipping Ability of Gelatin-Free Mixes.

when the mix was made of cream, fresh skim miliv, and skim milk powder. The
mixes were prepared and processed according to standard procedure as given

under experimental methods, aged for 4 hours at 68° then rapidly cooled to 38°

and aged at this temperature for 20 hours. Each of these mixes was compared

with a control which was aged at 38° for 24 hours. The results are reported as

increases or decreases over the control.

Results Obtained when Varying the Percentage of Butterfat

The butterfat content was varied at 2 per cent intervals from 8 to 14 per cent,

while the serum solids, sugar and gelatin remained constant at 10 per cent, IS

per cent, and 0.5 per cent (176 Bloom strength), respectively; thus giving a

variation in total solids from 33. 5 per cent to 39.5 per cent at 2 per cent intervals.

All determinations were made in duplicate and the data reported in Table 5 are

the average for two trials. Increasing the percentage of butterfat from 8 to 14

per cent had the following effect on the results of aging at a high initial tempera-

ture, as compared with aging at 38° F. (See Table 5 and Plate 5.)

1. Magnified the increase in basic viscosity.

2. Magnified the increase in melting resistance.

3. Did not definitely alter the decrease in maximum overrun.

The ice creams aged at the high initial temperature were judged superior in

body and texture to those aged at a low temperature only. This improvement

in body and texture was magnified as the butterfat content increased.
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Table 5. Increase in Basic Viscosity and Melting Resistance, and
Decrease in Overrun of Mixes Initially Aged for 4 Hours at 68° F.

OVER Those Aged Only at 38° F.

Composition of Mix Decrease

Increase in Increase in in Maxj-
Fat Serum Total Basic Melting Resistance mum

Solids Solids Viscosity Overrun

Prr cent Percent Percent °A/ Gram.' Melte-i Ice Cream Percent
8 10 33.5 9.75 20.3 8.0

10 10 35.5 25.75 30.1 6.0

12 10 37.5 35.75 50.6 9.0

14 10 39.5 21.03 82.6 4.0

10 8 33.5 13.31 59.2 7.0

10 10 35.5 25.75 30.1 6.0

10 12 37.5 32.83 22 6 3.0

10 It 39.5 41.85 —S.9 8.0

Results Obtained when Varying tfie Percentage of Serum Solids

This experiment was similar to the preceding, except that in this case the fa I

remained constant at 10 per cent, while the serum solids were varied. Increasing

the serum solids from 8 to 14 per cent, at 2 per cent intervals, had the following

effect on the results of aging at a high initial temperature as compared with

aging at 38° F. only. (See Table 5 and Plate 5.)

1. Magnified the Increase in basic viscosity.

2. Diminished the increase in melting resistance.

3. Did not definitely alter the decrease in overrun.

The ice creams aged at the high initial temperature were again judged superior

in body and texture to those aged at a low temperature only. This improvement

in body and texture was also magnified as the serum solids were increased.

The increase in melting resistance, normally caused by high initial temperature,

disappeared as the serum solids were increased, due in all probability to the effect

of lactose.

PRACTICAL APPLICATIONS

Observations on melting appearance made in this study suggest a possible

explanation for variations which sometimes occur in the melting behavior of ice

cream of uniform composition. Although several causes for excessive retardation

of melting and curdled appearance of melting ice cream have been explained in

the literature, yet a number of Ice cream manufacturers have trouble in producing

a uniform product, even when a standardized formula and processing procedure

are used. This fact Indicates that some unknown factors are contributing to the

serious defect. In one Instance where the ice cream varied considerably In melting

behavior, it was found that the mix was not being cooled after homogenizatlon

to a uniformly low temperature each day. In another instance, some years ago,

a large ice cream plant was using a surface cooler where tap water was the only

cooling medium. After a change was made to cooling with brine, the properties
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of the finished ice cream were ditferent, although the composition of the mix was

the same as before. No explanation could be found at that time for the change

in the finished product. In another case, more recently, mixes were being cooled

over a surface cooler where tap water was the only cooling medium. The mix

left the cooler at approximately 70° F. and was stored in ten-gallon cans in a

cooler at 50^. Under those conditions the mix was really being initially aged at

a temperature above 50° for some time. These practical illustrations show that

in ice cream plants where the cooling of the mix after homogenization is not being

carefully checked, mixes may be aged for several hours at a temperature above
50° F.

'

There are two methods by which the ice cream manufacturer may correct the

excessive retardation of melting and the curdled appearance on melting, when
they are due to a high initial aging temperature. (1) If he is using the optimum
amount of gelatin for low temperature aging, the mix should be cooled imme-
diately after homogenization to approximately 40° F. (2) If he wishes to initially

age the mix at approximately 68^ F. for two to four hours he should reduce the

gelatin (176 Bloom) content approximately 25 per cent from that ordinarily

used. Since the 68° F. temperature, alone or followed by a low temperature, re-

sults In an increase in gelatin efficienc}-, its use is quite flexible and therefore can

be adapted to the needs of the manufacturer. For instance the mix may be

frozen immediately after the high temperature aging period, or it may be cooled

to approximately 38° F. and frozen the following day.
'

•

SUMMARY AND CONCLUSIONS

1. In an ice cream mix containing gelatin, the efficiency of the gelatin was
increased by aging for 4 hours at 68° F., whether this was followed by aging at a

lower temperature or not.

2. This increased gelatin efficiency was evidenced by improvement in body
and texture, increase in melting resistance and slight retardation in rate of whip-

ping when compared to an identical mix aged at 38° F.

3. When an ice cream mix containing 14 per cent fat, 10 per cent serum solids,

15 per cent sugar and 0.4 per cent gelatin (176 Bloom) was aged at 68°F. for four

hours, the efficiency of the gelatin was increased to such an extent that the gelatin

content could be reduced approximately one-fourth without any loss in the quality

of the finished product.

4. A pasteurized ice cream mix was aged at 68° F. for 2. 4 and 6 hours without

any measurable efl^ect on bacterial growth, pH, or titratable aciditv, which
would be of any commercial significance.

5. An ice cream mix containing gelatin showed a slight decrease in viscosity

when aged for 4 hours at 68° F. but a great increase in viscosity when this initial

aging period was followed by 20 hours at 38°. In both cases the comparison was
made with ice cream mixes aged for 24 hours at 38° F.

6. The effects of high temperature aging could not be directly correlated with
basic viscosity values.

7. Aging at 68° F. for 4 hours had no marked effect on the consistency and
whipping ability of the mix or on the melting resistance, body, and texture of the

finished product, when the ice cream mix contained no gelatin or other stabilizer.

/



16 MASS. EXPERIMENT STATION BULLETIN 302

8. When an ice cream mix which contained the correct amount of gelatin for

low temperature aging was aged for 4 hours at 68° P., excessive retardation in

melting and a curdled appearance resulted. This objectionable melting condition

can be corrected by reducing the gelatin content approximately one-fourth.

9. In ice cream plants where the cooling of mixes is not being carefully checked,

mixes may be aged unintentionally for several hours at a temperature above 50° F.

This undoubtedly is a big factor in causing the excessive retardation of melting

and the curdled appearance on melting which have troubled some ice cream
manufacturers but which previously have not been explained.
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EFFECT OF HYDROCYANIC ACID GAS ON
CUCUMBER PLANTS PREVIOUSLY

SPRAYED WITH COPPER FUNGICIDES

By E. F. Guba, Assistant Research Professor of Botany, and E. B. Holland,

Research Professor of Chemistry

INTRODUCTION

The extensive greenhouse area devoted to the forcing of vegetables in Massachu-

setts has for many years necessitated study of control measures for insect pests

and fungous diseases peculiar to these crops. Such studies have encouraged the

use of fungicides and insecticides, and the intermingled application of these

materials presents a problem of the utmost importance to the growers. One of

these problems relates to the conflict existing between copper fungicides and

hydrocyanic acid gas.

The understanding and solution of this problem has necessitated consideration

of copper fungicides of different reaction, concentration, and composition and of

diiTerent sources of hydrocyanic acid gas. The classification of the compatibility

of copper lungicides with gas on cucumber plants and confirmatory knowledge

obtained from chemical analyses of the spray residues would appear to contribute

to our knowledge of the problem and suggest recommendations for a safe pro-

cedure.

HISTORICAL REVIEW

It has been noted b}' Guba (3, 4) that Bordeaux mixture and hydrocyanic

acid gas are incompatible when gas follows spray in the greenhouse, and that

when Bordeaux is used to control diseases tobacco fumigants should be substi-

tuted for the gas to avoid injury. Published information suggested that the gas

(HCN) combined with copper to form cupric cyanide Cu(CN)2, an unstable

compound giving off cyanogen and leaving insoluble cuprous cyanide, Cu(CN).

Butler and Jenkins (1) have reported that as the ratio of lime to copper sulfate

is increased in Bordeaux from 4-1-50 to 4-4-50 injury increases, and then decreases

as the ratio is increased to 4-24-50. They claim that neutral Bordeaux, as rep-

resented by the formula 4-0.8-50, followed by gas is safe and that mixtures with

high lime ratios, e.g. 4-16-50 and 4-24-50, are safe if the plants are kept dry

after gas. According to these investigators, injury with certain ratios of lime to

copper sulfate and none with others is correlated with the allegation that (a) in-

soluble cuprous cyanide is formed with a 4-0.8-50 mixture; (b) no cupric cyanide

is formed with a 4-0.8-50 mixture but increasing amounts with mixtures up to

4-4-50, negligible amounts with 4-16-50 and none with 4-24-50; (c) the soluble

double salt is formed in increasing amounts with 4-4-50 to 4-24-50 mixtures.

Quayle (13) was unable to confirm the safety of Bordeaux 4-0.8-50 with gas

on lemon, but reported less injury than with Bordeaux 4-4-50, and that it was

similarly graduated but more marked on increasing the interval between spray

and gas. A spray of zinc sulfate and lime was safe, but it is not as effective as

Bordeaux in controlling the brown rot disease caused by the fungus Pythiacystis

citrophthora Sm. & Sm. It is, therefore, obvious, on the basis of our present

state of knowledge of the problem, that further investigation is extremely desirable.
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PRACTICAL CONSIDERATIONS INVOLVED

Copper fungicides are used to control some diseases of vegetable and orna-

mental crops under glass in Massachusetts. Bordeaux is frequently used to assist

in the control of cucumber powdery and downy mildews, caused respectively

by the fungi Erysiphe cichoracearum DC. and Peronopla.nnopara cubensis (B. & C.)

Clint., and no other commercial greenhouse crop in Massachusetts has been

subject to greater destruction as the result of the incompatibility of Bordeaux with

hydrocyanic acid gas. However, only 1-1-50 and l-V^-50 mixtures can be used

since the higher concentrations cause hardening and stunting of growth. Some
other minor uses for Bordeaux on greenhouse plants may be cited, but no diseases

of greenhouse crops are known which require for their control such ratios of

Bordeaux as 4-16-50 and 4-24-50. These mixtures are very difficult to apply, and

the residue resulting on the sprayed leaf would obviously impair photosynthesis.

A large excess of lime also reduces the concentration of the precipitated copper

in the residue and acts as a deterrent to its fungicidal value.

According to Holland (7), the best ratio of milk of lime or hydrated lime to

copper sulfate, as judged by suspension, is approximately a 4-2-50 mixture, and

this might also be regarded as the lowest ratio practical from the standpoint of

safety to the plant. Bordeaux 4-1-50 in practical preparation is not necessarily

neutral, while 4-0.7-50 and 4-0.8-50 mixtures, even under laboratory preparation

when the strength of the lime is previously determined, may show soluble copper.

Practice makes little distinction with regard to the freshness of lime, neither has

it adopted an}- simple qualitative tests to insure against a deficiency of lime.

It is necessary, therefore, in practice to adhere rather closely to mixtures with a

lime content in sufficient excess to eliminate water soluble copper. If it is true

that hydrocyanic acid gas acting on neutral Bordeaux is safe, then the factor

of practical preparation of such a mixture becomes important.

The allegation that 4-16-50 and 4-24-50 mixtures are safe with gas if the treated

plants are kept dry does not take into consideration prevailing greenhouse condi-

tions, notably high humidity, abundant transpiration, guttation, and high

temperatures. There is no assurance of dry foliage even in the absence of wetting;

neither are dry conditions under glass conducive to good plant growth.

EXPERIMENTAL METHODS

The cucumber plant was used to identify and measure the degree to which the

copper residue is incompatible with gas, because it is extremely sensitive to

injury from the combined copper and gas treatments. Potted plants were used.

The sprays were applied with a quart atomizer and allowed to dry completely

before exposure to gas. The plants were gassed in a tight greenhouse of a volume
of 1500 cubic feet. Controls against gas and spray were included in each treat-

ment.

Milk of lime, filtered lime water, and chemical hydrated lime were used with

powdered copper sulfate in preparing lime Bordeaux. According to Holland,

Dunbar and Gilligan (7) and Holland and Gilligan (10), chemical hydrated lime

makes an excellent substitute for quicklime in the preparation of ordinary Bor-

deaux mixtures, and it is of such purity that it can be substituted pound for

pound for quicklime. A chemical hydrated lime having a screen test of 98 per

cent through 200 mesh and containing 73.72 per cent calcium oxide was used.

When milk of lime was used, it was previously strained through a double thickness

of cheesecloth. The method of mixing advocated by Holland, Dunbar and Gilligan

(7) was adopted; namely, pouring dilute copper into concentrated lime. Accord-
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ing to Butler^, adding milk, of lime to a 4-50 solution of copper sulfate until

phenolphthalein paper turns red is more simple, and the mixture is as harmless

as a strictly neutral wash. Both methods, however, have practical limitations.

In the experiments reported in this bulletin, different forms of lime and different

kinds of base in different ratios with copper sulfate were used. Acid, neutral,

and alkaline mixtures of Bordeaux 4-X-50 were prepared with filtered lime water

and milk of lime. In many experiments the precipitates were washed on filter

paper or by decantation and then brought to volume. Washing was intended

to remove the excess of calcium hydroxide and some of the calcium sulfate, on

the assumption that these materials might possibly be factors in the incom-

patibility of the spray with HCN gas.

Calcium cyanide, as Cyanogas, was used as the source of hydrocyanic acid gas

in many of the experiments. The following tabulation shows the various ways

in which it was used. The size of the famigating chamber was 1500 cubic feet

with a few exceptions which are noted.

Amount
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with copper fungicides, consideration was given to most of the diverse forms of

copper sprays recommended by investigators or introduced by manufacturers,

as classified by Holland and Gilligan (11). The effect of gas on plants sprayed

with Bordeaux containing different ratios of lime to copper sulfate was especially

investigated. Attention was also given to mixtures prepared with sodium carbon-

ate and sodium hydroxide. Alany proprietary Bordeaux substitutes were con-

sidered; namely, such brands as Corona, Bowker, Dow, Grasselli, Rex and Riches

Piver. Such stainless copper sprays as ammoniacal copper carbonate, Fung-

trogen and Hammond's Copper Solution were also tested. Other copper fungicides

used were basic and normal copper acetates from the General Chemical Company,

copper carbonates from the Corona Chemical Company, basic copper sulfate

from Marsh Brothers, and factory-prepared basic copper sulfates of variable

copper content prepared with calcium, magnesium, and sodium carbonates, and

described by Holland et al. (6, 9).

Since it has been alleged that the reaction of the spray has a great bearing upon

its compatibility with gas, the filtrates of the diluted sprays were carefully tested

with litmus paper and a freshly prepared 10 per cent solution of potassium ferro-

cyanide. The chemical test is preferable to litmus for determining the presence

of soluble copper and the reaction of the spray, but within narrow limits neither

method, of course, indicates the amount of excess base.

RESULTS WITH CUCUMBER PLANTS

Lime with Copper Sulfate

In Table I are presented summarized data showing the effect on cucumber

plants of a Bordeaux-hydrocyanic acid gas regime in which ratios of lime to

copper sulfate were used ranging from 4-0.6-50 to 4-24-50.

When a 4-1-5Q mixture was used, injury occurred after gas in each of the thirteen

experiments, being severe or very se\ere in nine, moderate in one, and slight in

three of the experiments (Figs. 1, 2). A litmus test of the filtrate applied in live

experiments was neutral, and the copper test negative. When mixtures of 4-4-50,

4-8-50, 4-12-50, 4-16-50, and 4-24-50 preceded gas, severe injury occurred in each

case (Fig. 1). In some instances injury increased as the ratio of lime to copper

sulfate increased from neutral to 4-2-50 mixtures, while higher ratios showed a

severe injurious effect which sometimes resulted in the death of the treated plants.

The results of other experiments showed that the degree of injury with ratios of

4-1-50 to 4-8-50 was quite similar, or they showed only narrow distinctions

(Fig. 1). Mixtures represented by the ratios 4-0.6-50 and 4-0.8-50, which yielded

positive tests for copper, were of themselves injurious and the injury was greatly

intensified by the action of gas. A 4-0.9-50 mixture prepared with milk of lime,

giving a positive test for soluble copper, caused no injury of itself, but very

severe injury when followed by gas. A similar mixture prepared with chemical

hydrated lime and yielding no soluble copper caused injury with gas but no

injury of itself. Thus, in six instances where soluble copper was detected in the

diluted spray, the gas either caused or greatly intensified injury. When gas

followed such weak Bordeaux mixtures as 1-3^-50 (Fig. 2) and 1-1-50, injury

resulted and this held as well when the sprayed plants were gassed 130 hours

after the copper treatments as after 34 hours. No significant or consistent con-

trast in injury resulted from substituting milk of lime for chemical hydrated lime

in the preparation of Bordeaux. A slight difference, however, in the purity of the

lime products employed would be sufficient in the narrow ratios used to account

for any slight difference in injury.

Plants sprayed with a 1-50 mixture of slaked pulveri?.ed "fat" lime treated

with a 1 per cent solution of copper sulfate until neutral to litmus were killed by
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Table L Thk Effect on Cucumbers Plants of HCN Gas Following
Treatments with Lime Bordeaux Mixtures, and Determinations

OF Soluble Copper in the Residue
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exposure to HCN. When the order of mixing was reversed and a milk of lime sus-

pension was employed, the effect after HCN was the same. A 0.5 per cent solution

of copper sulfate neutralized with filtered lime water caused slight injury with

HCN. A 1 per cent solution of copper sulfate was neutralized with filtered lime

water and allowed to settle. The top, clear liquor was decanted and to the sedi-

ment was added fresh water to make 500 cc. When cucumber plants were sprayed

with this mixture and then gassed, the injury was moderate to severe. Plants

were killed when gas followed the use of a 4-50 solution of copper sulfate neutral-

ized with milk of lime, and were severely injured when gas followed Bordeaux

4-X-50 neutralized with filtered lime water prepared from fresh stone lime.

Acid, neutral, and alkaline 4-X-50 mixtures prepared with milk of lime and

filtered lime water, and either used as such or first washed and dehydrated,

were compared to determine the influence of the form of lime and the reaction

of the spray on the compatibility of the residue with the gas (Tables 1, 5). When
acid Bordeaux 4-X-50 prepared with milk of lime was employed, slight injury

resulted in two instances and none in two; but on exposure of the sprayed plants

to gas, injury resulted in every instance, and it was intensified in the two cases

in which the spray itself was injurious. Neutral mixtures of 4-X-50 prepared with

milk of lime were safe of themselves, but in every instance they were injurious

with gas. Similar mixtures containing sufficient excess lime to give an alkaline

test to- litmus gave like results. When these mixtures were washed, none caused

injury of themselves, even the acid mixtures, yet all of them were injurious

when the sprayed plants were exposed to gas. When Bordeaux 4-X-50 was pre-

pared with filtered lime water, only the acid mixtures caused injury of them-

selves. Injury resulted in ever}- instance where gas acted on neutral or alkaline

mixtures, and it was intensified by the action of gas on acid mixtures. Washing

the mixtures did not effect any change in these results. Washing and dehydrating

a neutral 4-X-50 mixture prepared with milk of lime or filtered lime water (Table 5)

then bringing again to volume with water did not make it safe to use, but pro-

longing the interval between spraying and gassing appeared to remov'e or lessen

the danger of injury. The filtrates of neutral or alkaline Bordeaux 4-X-50 mix-

tures were compatible with gas, indicating that the incompatible principle is not

present in the filtrate and that it is neither calcium hydroxide nor calcium sul-

fate. (Fig. 3.)

On the basis of this experimentation, it may be concluded that slightly acid

or neutral Bordeaux mixtures of lime and copper sulfate which are safe of them-

selves are positively incompatible with hydrocyanic acid gas; that mixtures

with increasing amounts of lime are extremely fatal to cucumbers under com-

mercial conditions of culture; that Bordeaux made with milk of lime or chemical

hydrated lime results in more injury when followed by gas than Bordeaux made

with lime water, although none are safe. The presence of moisture on the foliage

such as would occur from watering is not a necessary factor. Irrespective of the

ratio of lime to copper sulfate, injury will occur and the most severe damage may
be expected with mixtures containing an excess of lime.

Sodium Carbonate with Copper Sulfate

Burgundy precipitates of different ratios of sodium carbonate to copper sulfate

were prepared by adding a cool, dilute solution of copper sulfate to a similar solu-

tion of sodium carbonate, then bringing up to volume (Table 2). Burgundy 4-4-50,

a strongly alkaline precipitate, was employed three times, causing some injury

of itself in two experiments but none in the third. In all three experiments ex-

posure of the sprayed plants to hydrocyanic acid gas was fatal to the plants.

Precipitates of 4-2-50 and 4-3-50 ratios, also alkaline to litmus, caused no injury
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of themselves; but with gas Injury resulted in all instances. An acid 4-X-50

mixture in one experiment was safe of itself but caused severe injury with gas;

in another experiment injury was severe both from the spray itself and with gas.

When a neutral mixture was employed, slight injury resulted from the spray

in one experiment and none in another; but gas in both instances either caused or

increased the degree of injury. In one instance a 4-X-50 mixture, containing

sufficient excess of sodium carbonate to give an alkaline test with litmus, caused

severe burning of itself, and the plants were killed after exposure to gas.

The results with Burgundy precipitates show that the degree of injury follow-

ing gas is not correlated with any particular reaction of the spray used. The

unstable character of this precipitate even in the absence of gas i^ a sufficient

hazard to discourage Its use on greenhouse cucumbers.

Table 2. The Effect on Cucumber Plants of HCN Gas Follov^^ing

Treatments with Sal Soda and Caustic Soda Bordeaux Mixtures,

AND Determinations of Soluble Copper in the Residue.

Reaction
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Figure 1.—Cucumber Plants Sprayed with Bordeaux and Gassed with HCN.

A, Bordeaux 4-1-50; B, 4-4-50; C, 4-8-50; Dl, 4-24-50 without HCN; D2, 4-24-50 with HCN.

Note that injury has occurred with all mixtures when followed by gas.



Figure 2.—Cucumber Plants Sprayed with Bordeaux and Gassed witti HCN.
A, Bordeaux 4-1-50; B, l-i^-50; C. Control, gassed only. Note that neither Bordeaux 4-1-50 nor

Bordeaux l-M-50, which contains an excess of lime but only one-fourth as much copper sulfate,

is safe with gas.

Figure 3.—Cucumber Plants Sprayed with Bordeaux and C.assed with HCN.

A, sprayed with filtrate of neutral Bordeaux 4-X-5(): B, Control gassed only: C. sprayed with

washed residue of neutral Bordeaux 4-X-50; I), complete spray of neutral Bordeaux 4-X-.")0. The

incompatible component of the spray is in the washed residue and not in the clear filtrate.



Figure 4.—Cucumber Plants Sprayed with Normal and Basic Copper Acetates and
Gassed with HCN.

A, a 0.5 per cent solution of basic copper acetate (34.4 per cent Cu) ; B, a 0.34 per cent solution

of basic copper acetate (48 per cent Cu); C, a 0..54 per cent solution of normal copper acetate

(31.8 per cent Cu). Right, gassed with HCN: left, not gassed.



Figure 5.—Cucumber Plants Sprayed with Normal and Basic Copper Acetates of ().2ii

and 0.75 Per Cent Slrcngtlis and Gassed with HCN.
A. basic copper acetate (!{4.4 per cent Cut without gas: C. with gas; B. normal copper acetate

f:>1.8 per cent Cu) without gas: D. with gas. All controls gassed only. Injury occurs after the action

of gas. irrespective of the presence of alkali in the spray.
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Dry Bordeaux Substitutes

In Tables 3 and 5 are presented the results of the use of HCN gas on cucumber

plants previously sprayed with proprietary Bordeaux powders. These sprays

were prepared to contain the same amount of copper that is present in 4 pounds

of crystalline copper sulfate in 50 gallons of Bordeaux. The Dow and Rex brands

of Bordeaux powders are slightly alkaline. The Corona, Riches Piver, Grasselli,

and Bowker brands are more strongly alkaline to litmus. In every case severe

injury occurred after the sprayed plants were gassed. This fact, however, is not

to be construed as casting any reflection upon these materials as fungicides when

used in the absence of gas. The reaction of these sprays within the limits shown

by a litmus paper test was not a factor in influencing the degree of injury.

Table 3. The Effect on Cucumber Plants of HCN Gas Following

Treatments with Certain Proprietary Copper Fungicides, and

Determinations of Soluble Copper in the Residue.
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Factory-made basic copper sulfates, the preparation of which is fully reported

by Holland et al. (6, 9), caused no injury of themselves or with gas. These sprays

are neutral to litmus and were prepared with calcium carbonate, magneisum
carbonate, or sodium carbonate. In preparation the heated precipitates are

washed practically free of soluble by-products, i.e., magnesium and sodium sul-

fates, then dried and air separated. The addition of chemical hydrated lime,

in 0.1, 0.2, 0.5, and 1.0 per cent strengths, to diluted 26 per cent basic copper

sulfate caused injury with gas which was most severe, generally considered, with

the highest amounts of lime added. Corona copper carbonate powders, contain-

ing 18 per cent and 50 per cent copper, and basic copper sulfate (Marsh Bros.),

containing 53 per cent copper, are neutral to litmus and were also safe with gas.

The Corona 18 per cent product is similar in preparation to the 26 per cent basic

copper sulfate, and the Corona 50 per cent product to the 53 per cent basic copper

sulfate. Greater stability is obtained in the manufacture of basic copper sulfates

and carbonates by heating the precipitates, and this appears to explain their

safety with HCN. The Marsh Bros, product is produced by the action of Ionized

copper sulfate or of sulfuric acid on metallic copper and contains no by-products.

Stainless Copper Sprays

This group includes copper acetate (Table 4), Hammond's Copper Solution,

Fungtrogen, and copper sulfate.

Table 4. The Effect on Cucumber Plants of HCN Gas Following
Treatments with Certain Stainless Copper Sprays.

Active Cu Concen- Reaction Reaction Injurj'

Fungicide Content tration to for

Per Cent Litmus Soluble Witliout With

Copper HCN HCX

Hammond's Copper Sol 3.04 a Alkaline — — ±
Fungtrogen 0.47 b .Alkaline — — —
Ammoniacal Copper Carbonate . . c Alkaline — — —
Basic Copper Acetate 'MA d Acid + + +
Norma! Copper Acetate .'U.S e Acid + ± +
Copper Sulfate .01% Sol Neutral Trace — —
Copper Sulfate 02% Sol Neutral Trace — —
Copper Sulfate .03% Sol Neutral Trace — —
Copper Sulfate .05% Sol Neutral Trace — —
Copper Sulfate .07% Sil Acid Trace — —

a

—

1-80 in 4 instances; 1-40 (double the manufacturer's recommendation) in one. Slight injury
occurred in two cases at the 1-80 concentration: no injury in the other cases.

b

—

1-60 in 3 instances; 1-30 (double the manufacturer's recommendation) in one.
c—NHiOH 0.8% with CuCOa 0.24, 0.16, and 0.08 % by weight.
d—0.2.5, 0.50, and 0.75 % by weight. Injury without HCN in 2 cases; no injury in 4 cases.

e—0.25, 0..50, 0.65, 0.75, and 0.80 % bv weight. Injury without HCN in 2 cases; no injury in 3
cases.

Basic copper acetate, containing 34.4 per cent copper, and normal copper

acetate, containing 31.8 per cent copper, were used. Both forms gave positive

tests for soluble copper and acid reactions to litmus. Basic copper acetate was

used at strengths of 0.25, 0.50, and 0.75 per cent by weight, and normal copper

acetate at strengths of 0.25, 0.50, 0.65, 0.75. and 0.80 per cent. Since both products

contain over 30 per cent of copper, a concentration of 0.25 per cent would contain

over 0.07 per cent copper, which would seem fairly reasonable, although references

state that they have been used at concentrations ranging from less than 0.1 to 1
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Table 5. The Effect on Cucumber Plants of HCN Gas Following

Treatments with Copper Fungicides

Fumigation Trcatmenl

I II III IV

Cyanogas Used grams -lyi 4}'2 4H 5

Period of Exposure hours 10 12 10 10

Interval Between Copper Treatment and

Fumigation hours 9 32 57 105
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at dilutions of 1-SO and 1-40, but slight injury followed the use of gas in two
cases out of five. Lack of injury beyond a slight degree in two instances is attrib-

uted to the relativa^ly small concentration of copper present as compared to a

4-50 strength of copper sulfate in Bordeaux. Stronger solutions were unsafe for

cucumber plants.

Fungtrogen, containing 0.47 per cent active copper and 0.47 per cent nickel

and alkaline to litmus, caused no injury of itself or with HCN at dilutions of

1-30 and 1-60. The low concentrations, like the low concentrations of copper

sulfate, undoubtedly account for its safe use with gas.

Laboratory-prepared ammoniacal copper carbonate was not to.xic to cucumber
plants of itself or with HCN in any strength of copper carbonate ranging from
0.08 to 0.24 per cent in 0.8 per cent ammonium hydroxide solution.

It is evident from these results that more than mere traces of soluble copper

must result from the action of gas on copper residues in order to cause injury, and
that the copper content of the fungicide is a contributing factor in the reaction.

Lime

When sprays of chemical hydratcd lime of 0.2, 0.5 and 1 per cent strengths

were used, no injury occurred from the sprays either alone or with gas.

EFFECT OF HYDROCYANIC ACID GAS ON COPPER SPRAY RESIDUES

On Cucumber Leaves

An explanation for injury to sprayed plants from the action of HCN gas on

the spray residue was sought in qualitative tests of the residue after fumigation.

The dry spray residues from the surface of 10 grams of leaves were carefully col-

lected with distilled water, the washings filtered, and the filtrate tested for soluble

copper with potassium ferrocyanide.

The residues of Bordeaux on cucumber leaves acted upon b\' HCN gas yielded

positive tests for water soluble copper (Table 1). In three experiments a test

was made of the residue of Bordeaux 4-1-50, a neutral mixture, on cucumber
leaves. In one of three instances in which the plants were not exposed to gas, no

soluble copper was found, and in the other two only a slight trace; while the

action of the gas resulted in the presence of much soluble copper and in injury in

all three instances. Bordeaux mixtures containing higher amounts of lime, e.g.,

4-2-50, 4-3-50, 4-4-50, 4-6-50, 4-8-50, and 4-12-50, when exposed to gas yielded

soluble copper, and cucumber foliage was injured in every instance. The degree

of injury and the amount of soluble copper in the residue increased as the ratio of

lime to copper sulfate was increased. The residues of neutral and alkaline Bor-

deaux 4-X-50 mixtures, prepared with milk of lime or filtered lime water and either

washed or not, consistently yielded soluble copper after the action of gas, and

its presence was associated with foliage injury. Similarly the residue of a neutral

4-X-50 Burgundy mixture yielded but a trace of soluble copper, while the action

of gas resulted In much of It; and the residue of neutral caustic soda Bordeaux

4-X-50 showed only a trace of soluble copper in one Instance and none in the other,

while after the action of gas strong tests were obtained In both cases (Table 2).

The results with basic copper sulfates (Table 3) are particularly interesting

because the lack of Injury from these materials was definitely correlated with the

compatibility of their residues on leaves with gas. In three of four tests only a

trace of copper was detected, and In the fourth test none. However, when chemical

hydrated lime was added to basic copper sulfate and the sprayed plants exposed

to gas, good tests for soluble copper were obtained in each of seven experiments,
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Indicating the influence of excess base as a contributing factor In the production

-of soluble copper. Injury occurred only when lime was added to the basic copper

sulfates, and the amount of soluble copper found increased in proportion to the

amount of lime added. Corona 18 per cent copper carbonate with gas gave positive

tests for copper in leaf residues in two instances and none in the third, but no

foliage injury resulted in either of the cases where soluble copper was found.

There is sufficient evidence here to affirm that the fact that a copper spray is

neutral or approximately neutral in laboratory preparation is no insurance

against the production of soluble copper on the leaf and consequent injury.

Factory-prepared basic copper sulfates and carbonates are safe, apparently

because of their greater stability.

On Glass

In the previous section it was shown that the copper residue on the sprayed

leaf gives rise to a soluble copper salt in the presence of HCN. This may indicate

the participation of the plant itself in the reaction, for according to Crandall

(2), Holland, Dunbar and Gilligan (8), and Pickering (12), complex soluble cupric

compounds of copper may be produced from copper fungicides by alkali and

exudation products of the plant, or by osmosis of the cell contents such as sugars,

hydroxy-organic acids, and biuret compounds. It is also possible that certain

inconsistencies in the tests for soluble copper in the residues on leaves may be

correlated with leaf action, although other factors such as dosage, period of ex-

posure, atmospheric conditions, and any narrow differences arising in the com-
pounding of the sprays are also to be considered as contributing factors. As a

matter of investigation, panes of glass 16 by 30 inches were sprayed with Bor-

deaux mixtures of different ratios of lime, ranging from neutral to 4-24-50 mixtures,

and allowed to air dry. Exposure to gas was over night. Controls against the

action of gas were included in each experiment. The dry residues were removed
and examined for color, soluble copper, and HCN.
A given weight of dry residue, generally 1/10 gram, was macerated in water

and tested for soluble copper. Another 1/10 gram of residue was macerated with

water and tested for hydrocyanic acid.

Dry residues of Bordeaux, increasing in ratios of lime from neutral to 4-24-50

mixtures exhibited increasing intensities of blue color ranging from pale nile or

lumiere blue to pale king's blue, according to the color chart of Ridgway (14).

Parallel residues of the same mixtures exposed to gas exhibited colors of rejane

and deep lichen green (4-0.8-50 to 4-4-50); glaucous, pale glaucous green, cory-

dalis green, and yellowish glaucous (4-4-50 to 4-16-50); and pale dull glaucous

blue (4-24-50). Butler and Jenkins (1) obtained brown precipitates on passing

hydrocyanic acid gas into toxic Bordeaux mixtures and white precipitates with

non-toxic mixtures such as 1 :0.2 and 1 :6. In the experiments of the writers, brown
or white residues were never obtained when gas acted on Bordeaux on glass,

irrespective of the ratio of the base to copper sulfate. Therefore, if brown pre-

cipitates suggest cupric cyanide and white precipitates cuprous cyanide, neither

of these compounds was present. Bordeaux mixture increasing in ratios of lime

from 4-0.8-50 to 4-24-50 showed soluble copper and HCN in residues on glass

after exposure to gas in each of sixteen tests. The" neutral mixtures prepared with

milk of lime and chemical hydrated lime were no exception (Table 1). Parallel

residues not exposed to gas were in every instance free of soluble copper and
HCN. The change in color of the residue on exposure to gas, therefore, is corre-

lated with the production of soluble copper, although the color could not be con-

sidered a safe guide as to the amount present. Butler and Jenkins contend that

Bordeaux 1:0.2 and 1:6 ratios do not give off detectable amounts of cyanogen.
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while 1:1 and 1:2 ratios give oif the largest amounts and most rapidly. In the

present experiments, all of the gas-treated residues contained hydrocyanic acid

gas and this increased with the amount of lime in the Bordeaux.

The results indicated that an increase in the ratio of lime from neutral to

4-S-50 and 4-12-50 resulted in a corresponding increase in the amount of soluble

copper and HCN. Further increase in the ratio of lime up to 4-24-50 resulted in a

gradual decrease in the amount of soluble copper, but did not render the spray

and gas regime safer to cucumber plants. Since qualitative analyses of the resi-

dues were based on an equal weight, namely l/IO gram, the copper content ob-

viously should vary with the concentration of lime. Assuming that 4 pounds of

crystalline copper sulfate (25.46 per cent Cu) are employed in preparing Bordeaux,

then the amount of copper in the residue would vary with the proportion of lime.

The applications, although approximately of the same value of Bordeaux in each

case, are therefore not directly comparable as regards the relative amounts of

soluble copper found. This fact accounts for an eventual decrease in the amounts

of soluble copper as the lime content is increased above ratios of 4-8-50 and

4-10-50, based on an equal weight of the dry samples analyzed.

Dow Bordow, which is an alkaline proprietary copper powder, yielded con-

siderable soluble copper on exposure to gas, but none by itself in two parallel

tests (Table 3). Being alkaline, these powders behave like Bordeaux mixtures

containing an excess of lime.

The residue of factory-made basic copper sulfate (26.31 per cent Cu) on glass

when exposed to HCN never yielded sufficient soluble copper to cause injury.

When residues were exposed to gas, a trace of soluble copper was found in five

instances and none in two. No soluble copper was found in any of the residues

not exposed to gas. The results with Corona copper carbonate (18 per cent Cu)

were similar.

Three te^ts of the residues of neutral Bordeaux 4-X-50 prepared with milk

of lime showed no soluble copper; but after exposure to gas, soluble copper was

present in all three, although in one case there was only a trace (Table 1). In

another comparative test of this mixture, soluble copper was found in both

residues, but that acted upon by HCN contained the greater amount. When
residues of neutral 4-X-50 mixtures prepared with filtered lime water were com-

pared, a trace of copper was found only in residues exposed to gas, and in each in-

stance the Bordeaux and gas regime caused injury to cucumber foliage.

The analysis of spray residues on glass offered more consistent results than on

leaves, indicating some influence of the respiratory or transpiratory products or

of exudation of tlie leaf itself.

The action of HCN gas on factory-prepared neutral basic copper sulfates and

carbonates did not produce sufficient soluble copper to cause injury to cucumber

plants. Gas reacted with neutral laboratory-prepared Bordeaux, and the amount

of soluble copper formed appeared to be greater when dispersed lime was used

in preparation, e.g., milk of lime or chemical hydrated lime, than when a solution

of lime such as filtered lime water was used, but the nature of the base did not

remove the hazard of injury. Laboratory preparation in the cold produces less

stable copper sulfates than heating which is the practice in the manufacture of

commercial sulfates and carbonates; while washing, dehydration, and air separation

of the commercial sulfates and-carbonates are considered less important factors

contributing to their safety with HCN gas. The results show beyond doubt that

homemade neutral Bordeaux 4-X-50, even if its preparation were practical, is

not safe with gas.

It is logical to assume that a soluble double salt is formed in all cases when

hydrocyanic acid gas acts on Bordeaux mixture and that the amount varies with

the amount of free base, the concentration of the gas, the period of exposure to
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gas, the conditions favoring absorption of the gas, and the greenhouse tempera-

tures after gas. Water soluble copper would seem to preclude cuprous and cupric

cyanides also, since both are insoluble in water, according to Williams (15, p.

48-49) and Hodgman and Lange (5, p. 102, 103). Cuprous cyanide readily dis-

solves in solutions of alkaline cyanides with which it forms a number of crystalline

double salts. The calcium salt CaCu2(CX)45H20, according to Williams (15)

is very soluble in water. The injurious compound formed when gas acts on

Bordeaux is presumably calcium cuprocyanide or some similar product. An
equation showing the procedure in the reaction, or a more definite opinion re-

garding the formula of the toxic substance would be dangerous without more

confirmatory laboratory work, and is not needed from a practical point of view.

CONCLUSION

The presence of free lime or soda in the copper spray increases the degree of

injury; but injury may occur without it as is demonstrated by the behavior of

acid Bordeaux mixtures prepared with lime or soda, the acid basic and normal

copper acetates, and neutral Bordeaux 4-X-50 mixtures prepared with milk of

lime or filtered lime water. The danger of injury from the use of insufficient lime

would be as great as the danger from a slight excess. Therefore, if fungous diseases

are of sufficient importance in the greenhouse to warrant the use of copper fungi-

cides, fumigation with hydrocyanic acid gas should precede the application of

copper; or only commercial basic copper carbonates, basic copper sulfates, or

non-staining ammoniacal copper sprays should be used.

SUMMARY

Cucumber plants were not injured when sprayed with Corona copper carbonate

(18 or 50 per cent Cu) or commercial basic copper sulfates (26.31, 52.95, or 53.31

per cent Cu) followed by hydrocyanic acid gas. These diluted sprays are neutral

to litmus. Laboratory-prepared neutral Bordeaux mixtures with gas were in-

jurious.

When cucumber plants were sprayed with basic copper sulfate to which chemi-

cal hydrated lime had been added, injury followed the use of gas and increased

proportionately with the alkali present.

When cucumber plants were sprayed with acid copper fungicides, i.e., normal

and basic copper acetates, acid Bordeaux prepared with calcium hydroxide,

sodium carbonate, or sodium hydroxide, injury resulted from or was intensified

by an application of gas.

Copper sulfate solutions containing 0.01, 0.02, 0.03,0.05, or 0.07 per cent copper

sulfate were not injurious to cucumber plants when used alone or followed by gas.

Cucumber plants were injured when gas followed spraying with copper fungi-

cides containing calcium hydroxide, sodium hydroxide, or sodium carbonate,

even when the alkali component was reduced to yield mixtures neutral to litmus.

Injury occurred whether hydrocyanic acid gas was evolved from calcium

cyanide (Cyanogas) or from sodium cyanide, and whether chemical hydrated

lime, milk of lime, or filtered lime water was used in the preparation of Bordeaux.

The spray residue from injured leaves yielded water soluble copper; and the

amount of soluble copper and the degree of injury in general tended to increase in

proportion to the amount of alkali present in the fungicide within the limits of

ordinary ratios of base to copper sulfate.

Residues of Bordeaux on glass, acted upon by gas, yielded both soluble copper

and hydrocyanic acid gas. These occurred in a fairly constant ratio and increased
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in proportion to the amount of alkali present. A large excess of alkali reduced the

concentration of precipitated copper in the spray and consequently the amount

of soluble copper in the gassed residues.

The toxic salt is presumably calcium cuprocyanide CaCu.) (CN)45H20 or a

similar soluble copper salt of cyanide.
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SECONDARY MILK MARKETS IN MASSACHUSETTS
IN THE PERIOD OF FALLING PRICES, 1930-1932

By David Rozman, Assistant Resezircli Professor of Agricultural Economics

INTRODUCTION

The competitive conditions of milk marketing in Massachusetts, prevalent for

some time in the large cities of the state, have spread within recent years into

smaller communities previously dependent almost entirely on nearby producers

for their supply of milk. Although there has always been a certain degree of

dependence of small milk markets on conditions in Boston and other large cities

in the State, not until the beginning of the present depression did it become

especially prominent. The price structure of these markets has been affected by

the pressure of an additional supply of outside milk as well as by the changing

methods of local milk distribution, characterized by the attempt of an increas-

ing number of local producers to enter the distributing field to take advantage

of the spread between prices received for their milk from dealers and those pre-

vailing in retail distribution.

As a result of various forces, a complete breakdown of marketing machinery

occurred in a number of small markets during 1932, causing large losses both

to the producers and to the distributors.

In many small markets there has been a considerable increase in new regula-

tions for the sale of milk designed to prevent the influx of outside milk and to

keep within reasonable bounds the rapid movement of producers into the distribu-

ting field. However, in most cases the restrictions both in price and in sources of

supply proved to be effective only for a short time, and led eventually to greater

dislocation of local markets by preventing the readjustments which had to take

place in the face of the fall of purchasing power of consumers and general un-

employment.

Method of Investigation

In the summer and fall of 1932 a special investigation was made in three cities

situated in different parts of the state—Gardner, with a population of 19,399;

Attleboro, with 21,769; and Newburyport, with 15,084—with the object of

studying their milk marketing set-up and analyzing the changes which have

taken place since 1930. The information was collected on the b'^sis of a ques-

tionnaire through personal visits to all the distributors and producers in Gardner

market and to the dealers and distributors in the other two cities. The main

points covered included supply and sale of milk, location of producers and dis-

tributors, and marketing machinery with price plans of producers, dealers, and

other distributing agencies. Special emphasis was placed on information in-

dicating the position of producer-distributors in the distributing field and their

relation to the maintenance of an Orderlv and stable market in these communities.
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Regulations for the Sale of Milk

In addition to the general state regulations for the production and sale of

milk, the three cities through their boards of health adopted certain rules in re-

gard to producers and distributors to be enforced by the local milk inspectors.

The latter were vested with authority and responsibility for seeing that the milk

sold should come from inspected and approved dairies and should satisfy the

requirements as to quality. As representatives of the Board of Health they were

authorized to issue permits to new distributors after satisfying themselves that

the conditions of production, milkrooms, and plants came up to the required

standards.

In the past few years, and especially since the beginning of the depression and

rapid changes in the condition of supply, the regulations as to production and

distribution in these markets have become more numerous and more stringent.

In the Gardner market the regulations of the Board of Health stipulated that no

milk should be sold in that city unless it came from farms inspected and approved

by the local milk inspector. This precluded the dealers from obtaining their milk

outside of the local milk shed and confined their supply to nearby producers.

Another important requirement adopted in 1931 was that the milk sold should

either be pasteurized or come from tuberculin-tested cows.

In Attleboro and Newburyport markets the farms supplying milk for distribu-

tion were likewise subject to inspection and approval by the local milk inspector,

this rule being applied with special rigor in the case of application for licenses to

sell milk by new distributors. However, in the case of several distributing agencies

which were in the market prior to the introduction of the new restrictions, milk

was allowed to be brought from outside the local milk shed. Both raw and pas-

teurized milk were allowed to be sold in these markets, but according to a new
ruling adopted by the Board of Health, only pasteurized milk will be sold In

Attleboro market beginning with 1934.

In addition to the regulations of the Board of Health the conditions of the

sale of milk in the Gardner and Attleboro markets were affected by the policies

and rules of conduct adopted by the organizations of distributors operating in

these markets.

SOURCES OF MILK SUPPLY

Under the established system of local regulation, the milk supply for these

markets came from the nearby towns, except for small amounts brought by the

dealers from more distant points. The location of towns and the amounts of

milk produced in them for each of the three cities is indicated on the accompany-
ing maps. Inasmuch as some of the distributors were selling their milk in several

adjoining markets, adjustments were made to include only the portion of the

supply sold in the market under consideration. The amount of milk obtained

from outside of the state is also indicated on the map for each market.

In the Gardner market, in addition to 26 producers retailing milk, there were

73 producers selling their milk to distributors. All of the producers, except for a

few from New Hampshire, were located in the adjoining towns. The milk for

Attleboro was produced by 35 producers engaged in distribution and 49 local

producers supplying distributors. The Newburyport market was supplied by 17
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producers in the distributing field and 70 local producers selling their milk to

distributors. In addition about 20 per cent of the milk in Attleboro market and

10 per cent in Newburyport market came from producers located outside of the

state.

\

I

\

1
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Map 2.—Sources of Milk Supply in Attleboro.
1 dot = 100 quarts
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milk by distributors, however, was lower in relation to their own production than

in the other two areas. Although the purchase of milk by producer-distributors

in the Gardner market has increased since 1930, their dependence on the pur-

chased milk has not reached the same level as in the Newburyport market. A
considerable decline in production and purchase of milk by the Gardner producers

in 1931 was caused by the newly introduced regulations of the Board of Health,

which forced some of the producer-distributors to buy milk from the pasteurizing

plants. In the face of falling prices and sales of milk the general tendency among
producer-distributors at the time of the investigation was to curtail the purchase

of milk and maintain or even increase their own production.

Table 1. Daily Production and Purchases of Milk by

Producer-Distributors

Milk Produced Daily Milk Purchased Daily

Year Number of Quarts Number of Quarts

Producer- Producer-

Distributors Distributors

Attleboro

1930 33 3,873 6 615

1931 36 4,168 7 635

1932 35 3,724 8 675

Gardner

1930 23 2,886 7 602

1931 21 2.555 10 1,125

1932 26 3,096 12 994

N ewburyport

1930 16 1,407 13 1,921

1931 16 1,287 13 1,721

1932 17 1,404 11 1,420

Size of Herds Owned by Producer-Distributors

The distribution of the number of cows owned by producer-distributors in-

dicates that most of them kept small herds. (Table 2.) More than half of the pro-

ducer-distributors in Attleboro and Newburyport markets and about one-third

in Gardner had 9 or less cows each. Only 7 producers in Gardner and Attleboro

areas and 3 in Newburyport area had 20 or more cows each. On the average the

largest herds of cows were found in Gardner area with about 16 cows per pro-

ducer-distributor, and the smallest in Newburyport area with about 11 cows.

Since 1930 the size of herds owned by individual producers at any particular

time has undergone considerable change owing to the application of the tuberculin

test. In spite of considerable elimination caused by the test, practically all the

producers have brought their herds to the previous size or even Increased them.
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Table 2. Number of Cows Owned by Producer-Distributors

Attleboro Gardner Newburyport

18



8 MASS. EXPERIMENT STATION BULLETIN 30i

Family and Hired Labor

One of the most important changes in farm life has been due to unemployment

in the city. Considerable increase in farm population has been caused by the

return to the farm home of members of the family formerly living and working

in the city. On practically every farm visited, at least one such additional person

was found. Among these were married children with their families, brothers,

sisters, and more distant relatives or friends. As a result most of the producers

were supplied with more labor than they could use. As indicated in Table 4,

practically every farm had some assistance from the members of the family,

either on a full- or a part-time basis. Comparatively few producer-distributors

hired labor with payment of wages.

Table 4. Family and Hired Labor of Producer-Distributors in 1931-32

Attleboro Gardner Newburyport

Number —

Working Number of Farms Number of Farms Number of Farms

Full Time Part Time Full Time Part Time Full Time Part Time

1 29 17 14 7 11 5

2 2 5 8 3 2 1

3
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Table 6. Distribution of Cows Owxed bv Producers in Gardner Area

Distribution
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since 1930 the greatest competition in the sale of milk influenced by the pressure

of supply took place in the Gardner market. This condition was caused on the

one hand by the influx of producers into the distributing field so that the total

number of distributors increased from 25 in 1930 to 33 in 1932; and on the other

hand by a rapid fall in prices in the adjoining markets which caused some dealers

operating in several markets to divert some of their milk into Gardner and thus

add to the existing surplus of milk. L nder these conditions the prices of milk

began to decline in Gardner and about the middle of 1931 there ensued a real

price war with much of the milk selling below 10 cents a quart, not to mention

various concessions made by distributors in order to retain their customers.

To prevent a complete disorganization of the market and bring about an orderly

sale of milk, the distributors joined together in an organization through which

they agreed among other things to maintain a retail price of 12 cents. Inasmuch,

however, as the fundamental causes of competition resulting from oversupply

were not removed, and milk in the neighboring markets was selling lower, the

price agreement was operative only for a short period of time. At the time of the

investigation the prevailing retail price was 10 cents with much of the milk selling

below that figure. \\ ith the continued decline in prices and increased competi-

tion, the established dealers in Gardner, with large investments in plants and

high fixed charges, were decidedly at a disadvantage.

With lower prices prevailing throughout the period, the consumption of fluid

milk has increased in Gardner since 1930, and the largest expansion in sales took

place in 1931 under the stimulus of low prices caused by undercutting. The in-

creased sales of milk by dealers in that year were due to the previously mentioned

regulations in regard lo the sale of pasteurized milk, introduced by the Board

of Health, which temporarily worked for the benefit of distributors with pasteuriz-

ing plants. By 1932, however, the producer-distributors, after complying with

the law requiring the tuberculin test for their cows and efi^ecting the necessary

adjustments, came back into the market and more than regained their former

position.

AttlehoTO

.'\s contrasted with the Gardner market, in Attleboro there has been a drastic

decline in the sales of milk since 1930. Among the factors responsible for this

situation, the most important has been a high price level for milk maintained

in 1931 and 1932 in the face of falling prices for other commodities. The system

of price undercutting has not been practiced here to the same extent as in the

other markets, with distributors agreeing not to sell their milk below 13 cents a

quart retail. At the same time the enforcement of the regulations of the local

Board of Health has made it difficult for new distributors to enter the market.

Although the milk sold in Attleboro market has been generally of better than

average quality, the fall in purchasing power and considerable unemployment

have forced many consumers to curtail their purchases of the product at pre-

vailing prices. Together with the decline in the sale of fluid milk, which has

amounted to about 20 per cent since 1930, there has been an increase in the

sale of canned milk, which nian>- consumers have found more economical under

existing conditions.

The smaller consumption of milk in the Attleboro area has resulted in a con-

siderable surplus amonu local producers, and the market has given clear evidence
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of the difficulty of maintaining the established price level. In fact, at the time

of this investigation, a number of small distributors had begun to sell their milk

at lower prices, especially in the southern section of the city where some of the

milk came from the adjoining territory of Rhode Island. The total number of

distributors in the Attleboro market at the time of the investigation was 50,

of whom 15 were dealers and 35 producer-distributors. There has been no increase

in the number of distributors since 1930; in fact, several small distributors have

discontinued their operations during the last two years.

The relative proportion of milk sold by producer-distributors has increased

slightly since 1930, although not to the same extent as in the Gardner market.

The producer-distributors in these markets have been able to maintain their

sales at a higher level than dealers, due largely to more frequent concessions in

price granted to consumers. Being in closer personal contact with their customers,

they have frequently supplied milk on credit to those whom they knew to be

reliable but temporarily unable to meet their bills on account of unemployment

or financial difficulties. In numerous instances, also, producer-distributors during

the last two years have received payment for their milk on the basis of barter,

either for commodities or more frequently for various services performed on

their farms.

Table 8. Average Daily Sales of Milk by Dealers and Producer-
Distributors
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consumers, it has amounted to only about 5 per cent. There has been no in-

crease in the number of distributing agencies in the period since 1930, although a

number of new applicants for licenses have tried to qualify for entering the

market. Nevertheless during the last few years there have been considerable

changes in the general set-up of the market which have resulted in decreased

sales of local milk. For a period of years the Newburyport market has been

supplied by milk from local sources, with small-scale local dealers and distributors

maintaining about an even volume of business from steady customers. During

the last few years, however, some of their business has been lost to dealers handling

mostly outside milk. This business was gained by the dealers largely through

advertising and improved methods of distribution. Some of the local producer-

distributors have been slow in adapting themselves to the changing conditions

of the market and have not done as much as they might to make their product

more attractive to the consumer.

The conservatism of local distributors has, however, prevented price under-

cutting for gainine new business, in spite of the fact that there has been noorganiza-

tion of distributors nor any price agreement among them. The trend of retail

milk prices in Newburyport has followed closely the general level of milk prices in

other similar markets of the state, with the prevailing price of 10 cents per quart

in the middle of 1932. However, with a decline of several hundred quarts in the

average daily sales of milk since 1930, and the loss of another several hundred

quarts in favor of outside milk, the local producers have maintained their regular

output with a gradually narrowing market outlet for their milk. As in the other

two markets, producers of fluid milk for local markets ha\'c been facing the

problem of radical readjustment in their production policies, due to changing

supply conditions in their previously dominant market outlets. It is becoming

more and more evident that their former strategic advantage of higher fluid

milk prices and no considerable surplus to contend with is rapidly vanishing

under the equalizing influences of a competitive milk supply from an outside

producing area. Once this fact is realized the producers for secondary markets

will find it imperative to enter the established large producers' organizations to

pre\-ent the ruinous effects of an outside surplus in their markets.

Wholesale and Retail Distribution of Milk

The proportion of milk sold b\' distributors to restaurants, stores, and other

agencies was highest In Newburyport and lowest in Attleboro, the figures being

32.4 per cent and 19.2 per cent respectively. (Table 9.) In all the markets the

proportion of milk sold on a wholesale basis was greater for the dealers than for

producer-distributors, the widest difference being in the Newburyport market,

where several dealers sold their milk almost exclusively at wholesale. One of

the reasons for the comparatively low proportion of milk sold at wholesale by

the dealers in Attleboro market was that a group of chain stores operating in

this market was importing its supply from outside areas independently of local

distributors. Inasmuch as the wholesale prices for milk ranged from 2 to 4 cents

per quart lower, the producer-distributors with a lower percentage of milk sold

on a wholesale basis averaged a higher price than the dealers for their total sales

of milk. Much of this differential was lost, however, in more frequent concessions

from the prevailing price level in their retail trade.
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Table 9. Wholesale Distribution of Milk Daily in 1932

Total Milk Sold at \\ holesale Daily

Number Quarts — — —
Selling Sold Quarts Per Cent

Daily of Total
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tions. The butterfat test for the individual distributors ranged all the way from

3.4 per cent to .S.3 per cent, the latter being for Jersey milk sold by several dis-

tributors. In all three areas the milk sold by producer-distributors was of slightly

higher butterfat test, the greatest variation being in Attleboro market. This

market had also a higher butterfat test for both producer-distributors and dealers

than the other two markets.
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PRICE PLANS AND PRICES PAID TO PRODUCERS

Price plans and prices paid to producers in all three areas were characterized

by the lack of uniformity ordinarily found in this t\^pe of market, and varied from

one dealer to another. In general the producers selling their milk to producer-

distributors or small dealers were more favorably placed with regard to the

average price received for their milk. (Table 12.) In addition, most of them
were situated very near to the distributing plants, often living on neighboring

farms, thus making the cost of delivery of negligible importance. In many cases

small distributors paid the same price for milk which they collected from the

producer as for that purchased from others who delivered it to the plant. Very

often it was a case of personal neighborly adjustment. The bulk of the milk was

purchased by large dealers and small distributors on the basis of a flat price

without discrimination as to surplus or butterfat content. Before 1932 the pro-

ducers with uneven production or with milk of low butterfat content were thus

placed on an equal basis with producers supplying a higher quality product and

having even production. However, with more unfavorable conditions of the

milk markets in 1932, and smaller purchases by dealers, curtailment took place

in the form of a dropping off of the less desirable producers.

Table 12. Pricks Received by Producers for Milk Sold to Dealers in

All -\reas in 1932

Per Cent

of Total

35.6

.4

3.1

2.0

24.6

5.6

15.1

9.7

3.2

.7

100.0

Weighted average price 4.9 cents.

In the Gardner market only one dealer purchased his milk on the basis of

quality and surplus, adopting a modified price plan of the New England Milk
Producers' Association. The return to the producers on this basis averaged about

3^ cents a quart. This price was equivalent to that paid by another large dealer

purchasing his milk in this area at a flat price. The rest of the dealers and pro-

ducers in this area paid 5 cents a quart without diff'erentiation as to quality. In

some cases the entire output of the producer was taken and in others only a

definite amount.

In agreement with the higher price for milk in the Attleboro market, the average

prices paid to producers in this larea were considerably higher than in either

Gardner or Newburyport. There was again no uniformity either in the price

Cents
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plans or prices paid to producers. The majority of them received for their milk

a flat price of 6 cents per quart. Only two local dealers purchased their milk

on the basis of butterfat test paying from 6 to 7J^ cents per quart depending on

quality, with an average of 6^ cents per quart.

The prices paid to producers in the Newburyport market presented a more
uniform picture than in the other two markets. Of the total of 70 producers

supphing local dealers and distributors, 60 obtained a flat price of 5 cents per

quart, while the prices for the rest ranged up to 6 cents per quart. Except in the

cases of two distributors who took only a definite amount through the year, leav-

ing the care of the seasonal surplus to the producers, the arrangement was one

of mutual adjustment, where producers, being mostly close neighbors, tried to

keep their production within the current requirements of their distributor, and
the latter in his turn often accommodated his producers by taking a greater

amount of milk than he actually needed.

From the standpoint of a small market the general structure of distribution

in Newburyport with the predominance of small dealers and distributors, each

obtaining his milk from several producers mostly his neighbors, seems to be the

most advantageous both in the way of market stability and better prices paid ta

producers. This system has been working fairly well in this market until recent

years, and its partial collapse has been due largely to the advent of outside milk.

However, if the pressure of surplus milk from other areas continues and the

producers in local markets are going to lose the advantage of their strategic

position, the best policy for them would be to join the existing organiz.ations of

producers and adapt themselves to new competitive conditions as they develop

in their markets.

Producer-Distributors and Cost of Milk Distribution

The tendency of many producers to establish themselves in the distributing

field during the last few years makes it essential to consider the advantages

obtained by direct sale of their product to the consumer. Accordingly, the costs

of distributing milk were obtained from 57 producer-distributors operating in

the three markets. L'nder normal conditions the question of the cost of labor and

time involved in distributing milk as compared with sale to a dealer is one of

the most important factors to be considered by producers. However, as demon-

strated by the figures obtained on farm family labor, in the last few years a

number of people employed in the city have returned to the farms of their parents

or relatives to stay during the period of unemployment. Likewise many of the

producers were found to be farming on a part-time basis, gaining part of their

income from factory or other employment. After losing their outside jobs, thereby

gaining more time for farming operations, those engaged in dairying in some

cases increased the size of their herds. This, however, was not always possible

either because of the inadequacy of the farm, the lack of additional funds, or,

most often, the difficulty of finding a profitable market for an Increased output

of milk. Under these conditions, among producers situated conveniently near

the markets there was a natural tendency to enter the distributing field, provided

they had the necessary equipment and the possibility of obtaining something

over and above the additional cash expenses incurred for the purpose.



SECONDARY MILK MARKETS, 1930-1932 17

The cost of labor was of slight consideration as long as the time spent in distribu-

t ion did not offer any alternative employment. Another important factor inducing

producers to distribute their milk was the widening margin between the price

paid to producers for their milk and that prevailing in retail distribution.

Distance from the Market and Miles Traveled

Mo»t of the producers found in the distributing field were located In close

proximity to the market. As will be seen from Table 13, of the 57 producer-

distributors whose costs of distribution were covered by this study, almost two-

thirds were located within four miles of the center of the market in which their

milk was sold. Only a little over one-fourth of the producer-distributors lived

more than six miles from the market.

Table 13. Distance from Market of 57 Producer-Distributors in

Attleboro, Gardner, and Newburyport

Per Cent

of

Total

24.6

38.6

10.5

26.3

100.0

With the exception of a few distributors who sold their milk in more or less

compact districts, there was present in these markets the familiar duplication

of routes, and travel over considerable distances to supply a few customers.

Only a little over one-third of the distributors covered a total distance of less than

10 miles in the distribution of milk over one route. (Table 14.) The majority of

distributors used small trucks; automobiles were used by a few small retailers;

and there were several horse-drawn vehicles.

Table 14. Miles Traveled Daily on Milk Routes by 57 Producer-
Distributors IN Attleboro, Gardner, andjNevvburyport in 1932

Per Cent

of

Total

35.1

31.6

22.8

10.5

100.0
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Cost of Distribution

In the case of most of the distributors it was extremely difficult to determine

the exact cost of using trucks or other vehicles for the distribution of milk. No
accurate accounts were kept, and the vehicles were used for other business and

family needs. For the purpose of this study, the cost of running a truck or auto-

mobile was assumed to be 6 cents a mile, inasmuch as this figure was most fre-

quently mentioned by the distributors. (See also Bulletin 272 of the New Hamp-
shire Experiment Station.)

The regulations in all three markets required every distributor to have a

special milk room, built according to certain specifications, for the handling of

milk prior to distribution. These rules, however, could not be enforced very

strictly in the case of man}- small distributors who, complying on the whole with

the necessary safeguards in the handling of milk, often had very rudimentary

provisions for this purpose. Mainly for this reason the cost of depreciation and

interest on investment per quart of milk for small distributors was lower than for

those handling 200 quarts or over. The latter group ordinarily had more expensive

equipment and, in several cases, pasteurizing plants. Neither were the small

distributors at a disadvantage in their average current expenditures, including

the cost of bottles, caps, ice, advertising, and other items involved In selling milk

direct to the consumer. The higher cost of handling milk by small distributors

was caused by the expense of delivery, where a partially loaded truck was used

to carrv milk over an extended route. The highest cost of deliver)' was found

among those handling under 50 quarts and the lowest in the group selling between

150 and 199 quarts. A slight increase in the cost of delivery per quart was found

in the group selling over 200 quarts, largely because the amount of milk handled

in some cases involved the use of two vehicles, not fully loaded.

Milk Prices, Cost of Distribution and Producer-Distributors

For 57 producer-distributors whose cost records were obtained in the three

areas, the average cost of distribution was 1.3 cents per quart, not including the

cost of labor. (Table 15.) Except for a few large producer-distributors, the milk

business of these operators was carried on without any hired labor; and in their

decision to enter the distributing business the main consideration was the differen-

tial between the price paid by the dealers and that obtained in the retail trade.

The average price paid to the producers in the Gardner market was 4.1 cents;

in Attleboro, 6 cents; and in Newburyport, 4.8 cents. If to these alternative

prices are added the average expenses involved in distribution, the total cost of

milk to the distributor would be 5.4 cents in the Gardner market, 7.3 cents in

Attleboro, and 6.1 cents in Newburyport as compared with much higher pre-

vailing retail prices in these markets.

In all these markets, therefore, and especially in Gardner, there was consid-

erable inducement for producers not dependent on hired labor to enter the distrib-

uting business and to obtain customers even by making a reduction in the re-

tail price. It is not to be assumed, however, that every producer is in a position

to begin the retailing of milk exclusively on the basis of the advantage in price

and availability of the necessary labor. There are many limiting factors both

from the standpoint of adequate equipment and ability to sell milk at retail in
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a highly competitive market. Nevertheless a number of producers consider them-

selves qualified for the undertaking, as is demonstrated by the number of applica-

tions for distributing licenses filed with the milk inspectors in the past two years

in all three markets.

Table l.'i. Cost of Milk Distribution" per Quart, Exclusive of Labor,

FOR 57 Producer-Distributors in 1931-32

Quarts

Distributed

Daily
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8. The milk marketing set-up prevailing in Newburyport, where most of

the producers sell their milk to small dealers and distributors, largely their

neighbors, was found to be the most economical type of marketing machinery

for a secondary market. The advantages under this set-up are: (1) lower cost of

delivery to distributor; (2) better adjustment of production to eliminate seasonal

surplus; (3) higher prices received by producers.

9. Inasmuch as, with the constantly increasing competition from outside

areas, the advantages in price received by milk producers supplying secondary

markets are rapidly disappearing, it is advisable for local producers to join the

producers' organizations to secure better bargaining power and establish uniform

price plans.

10. The price plans adopted for secondary markets should be adequate for

local producers to secure for the communities the necessary supply of milk through-

out the vear.

Publication of this Document Approved by Commission on Administration and Finance

4M-l-'34. No. 304.
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ANNUAL REPORT OF THE
MASSACHUSETTS AGRICULTURAL EXPERIMENT

STATION — 1933

INTRODUCTION

F. J. Sievers, Director

In the field of research the merit of the product will always be directly propor-

tionate to the ability of the investigator. For this reason, if no other, standardiza-

tion should never be carried to a point where it interferes with the opportunity

for the worker to express his individuality. With emphasis on this point, nothing

can influence an experiment station organization quite as much as a change in

personnel. During the last year this Station has seen pronounced changes

in this respect.

On December 26, 1932, Dr. Joseph B. Lindsey, at the age of 70, was automati-

cally retired from service through the operation of the retirement system for

employees of the Commonwealth. He had been identified with the College

for about forty years of continuous service in various capacities: as Assistant to

Dr. Charles A. Goessm.ann, the first Professor of Chemistry at the College and

the founder of the Experiment Station; as Research Professor in Animal Nutri-

tion, a position held until his retirement; as Goessmann Professor and Head of

the Department of Chemistry; and as V^ice Director of the Experiment Station.

During this period he was not only a pioneer in the research related to animal

nutrition, but also a very prominent factor in directing and formulating legislation

which protected the farmer against adulterated feeds and fertilizers. His interest

in most phases of education and his distinct common sense and practical approach

to all problems, coupled with a strong and lovable personality, made him a

delightful leader. Among agricultural scientists he is best known for his contribu-

tions in the field of animal nutrition, but his friends place a much greater value

on his qualities of manhood.

A much more tragic change in the Experiment Station organization was ex-

perienced on December 5, 1933, through the sudden death at the age of 61 of

Dr. Roscoe W. Thatcher. His record in the field of education is well known

and since his death has been so thoroughly reviewed in scientific journals and

local publications that it requires no consideration here further than to say that

he had been given every honor that his associates had it in their power to bestow.

He accepted the presidency of Massachusetts State College in 1927 and served

in that capacity until 1932, when he found it necessary to retire because of poor

health. This decision made him free to accept appointment as Research Professor

of Chemistry in the Experiment Station. After a leave of absence of several

months, he actively and enthusiastically entered the field of research where

every one hoped he would give many more years of valuable service. His sane

viewpoint, conscientiousness in effort, and splendid training justified this ex-

pectation. His honesty and fairness combined with a frankness and sincerity

all too uncommon made him beloved and respected by all with whom he made

contact. He was not unwilling to confess his own faults and was so charitable

to the faults of others that it was a pleasure to work with him. His leadership

in education and especially in the organization and direction of research has

made a lasting impression. His friendship and lovable character we shall never

forget

.
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DEPARTMENT OF AGRICULTURAL ECONOMICS

Alexander E. Cance in Charge

Factors Affecting the Price of Eggs. (A. H. Lindsey.) Work on this project

was suspended to allow for the completion of the bulletin on "Shipping Massachu-

setts Apples," in time for publication this fall.

Competitive Factors Influencing the Supply of Market Milk and Cream.

(A. H. Lindsey and A. E. Cance.) The importance of the secondary markets

to the dairymen of Massachusetts is illustrated by the fact that 8L6 per cent

of the supply to 29 Massachusetts cities of over 10,000 people (outside of the

Metropolitan milk shed) came from within the State. Vermont supplies 7.1

per cent; New Hampshire 5.3 per cent; Connecticut 1.9 per cent; Rhode Island

3 per cent New York 1 per cent; and Maine 0.07 per cent. These out-of-state

supplies total 41,667,305 quarts yearly. This may be compared with 65,420,000

quarts supplied to the Boston area by Massachusetts producers.

Data on the consumption of milk by 5,010 to 7,793 families in Worcester during

the month of April for the years 1928, 1930 and 1932 were supplemented by data

for 8,032 families for April 1933. Data for about 400 identical families for the

same periods were also obtained. In summary the data show that the average

regular daih' deliveries of milk per family were:

Quarts Year Index

1.366 1928 100

1.351 1930 99

1.362 1932 99

1.317 1933 96

That is, regular deliveries in 1933 were about 96 per cent of those in 1928.

The data on the consumption by identical families are subject to slight error

because of the disappearance in 1932 and 1933 of some of those selected in 1928.

Using an index of 100 to represent average daily consumption in April 1928,

the index rose to 101 in 1930 and then fell to 98 in 1932, and to 91 in 1933.

In general the data indicate a comparatively stable demand for milk despite

lowered incomes and unemployment.

Marketing of Milk in Secondary Markets of Massachusetts. (David Rozman.)

This study has been completed and published as Bulletin 304.

Decentralization of Industry and Part-Time Farming in Massachusetts.

(David Rozman.) This project has been approved only recently, and the work

is in its initial stages. The main objectives are to investigate and analyze the

most important features connected with part-time farming made possible by the

location of industrial plants in small towns and villages, and to indicate the type

and condition of land settlement most suitable under varying conditions of work-

ing in the industrial plants established in the country.

Changing Methods of Wholesale Distribution of Perishables. (Lorian P.

Jefferson.) The importance of this project increases as the emphasis continues

to shift from one type of wholesaler to another. The traveling jobber becomes a

greater factor in the system, a factor which disturbs not only the regular whole-

saler and jobber but the railroads, which are affected by him as well as by the

truck operator who does not hold title to the goods he carries. City and state

throughout the country seek legislation looking to the control of both these
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agencies. With these changes there is also some evidence of change in credit

arrangements.

Shipping Massachusetts Apples. (A. H. Lindse\ and A. A. Brown.) The
report of this project is contained in Bulletin 299. Its publication proved very

timely, for prices in the Boston market this year are much lower than prices in

other large eastern markets, and consequently producers have found it profitable

to ship to markets suggested in the bulletin.

DEPARTMENT OF AGRICULTURAL ENGINEERING

C. I. Gunness in Charge

Investigation of Apple Storages. (C. I. Gunness.) The stud\- of the effect of

humidity on evaporation from apples in cold storage has been continued, and
results to date indicate that the humidity should not be allowed to fall below-

80 per cent in order to prevent shriveling. The work on holding the apples

at a temperature higher than 32° for the earh- part of the season has been con-

tinued, and results are reported b\- the Department of Pomology. No appreciable

difference in humidity has been obtained from the use of wet and dry blowers

in the one storage where both t\pes are used under similar conditions.

Apple Handling Equipment. (C. I. Gunness.) A pivot tray type of elevator

has been developed for handling apple boxes, and plans prepared for distribution.

This type of elevator has proved very satisfactory-, and particularly economical

in floor space as compared with escalators.

A washer for the removal of spray residue on apples has just been completed

for experimental work to be carried on in the Department of Pomology. The
outstanding feature of this washer is that the acid tank is placed near the floor

with the washing tank above it. Apples are moved by a spray from a circulating

pump, and the apples are raised from the acid bath, taken through the wash bath,

and delivered to the grader by means of a tray elevator.

Fertilizer Distributors. (C. I. Gunness.) The fertilizer attachment which

was developed last year for a tobacco transplanter was further improved during

the past season, particularh by providing stirring equipment in the hopper to

prevent arching. The results obtained through the use of this attachment are

reported b}' the Department of Agronomy.

Milk Cooling Equipment. (C. I. Gunness.) During the past year a device

w^as developed for pre-cooling milk in 20- or 40- quart cans during the time of

milking by directing a spray of water on to the outside of the can. It was found

that milk can be pre-cooled to 70° with a reasonable amount of water with cooling

water at 55° or less.

In order to overcome the difficulty- of low water in milk cooling tanks where

part of the milk is cooled in the evening and i)arl in the morning, an arrangement

was developed whereby a circulating pump forced a spray of water directly on

to the neck of the can where the water did not come up to the level of the milk

in the can. With this arrangement it was found that milk could be cooled from

90° to 50"^ in 45 minutes.
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DEPARTMENT OF AGRONOMY

Walter S. Eisenmenger in Charge

Pasture Experiments. (A. B. Beaumont.) Results of experiments in the

top-dressing of upland permanent pastures in Worcester County for three years

(1930, 1931, 1932) have been summarized. A marked response to applied

nitrogen, medium response to potash and lime, and a slight increase due to super-

phosphate are shown. A chemical study of the soils showed that they were

deficient in readily "available" phosphorus but had a high fixing capacity for

phosphoric acid.

Longevity of Alfalfa Stands. (A. B. Beaumont.) In 1927 ten varieties and

strains of alfalfa were sown with differential fertilizer and lime applications.

Marked differences were found in longevity of varieties and strains, but prac-

tically no differences which could be assigned to fertilizer or lime treatments.

The experiment proved that varietal adaptation to climatic conditions was a

much more important factor in the longevity of alfalfa than induced soil fertility

conditions.

The first phase of the experiment was concluded in 1930, and the field was

plowed and fallowed until the summer of 1931 when it was refertilized and reseeded

with one variety of alfalfa (Grimm). Greater differences in amounts of applied

fertilizer were made at this time than at the beginning of the experiment. Yields

of the second cutting of the 1932 and 1933 crops were weighed and indicate a

slight response to phosphoric acid and potash. The stand is still good on all

plots except those which received no fertilizer. The experiment must be con-

tinued longer before conclusions can be drawn.

Legume Variety Tests. (M. C. I3arnell and A. B. Beaumont, in cooperation

with the Eastern States Farmers' Exchange and the Division of Forage Crops

and Diseases, Bureau of Plant Industry, U. S. D. A.)

Alfalfa. The highest yielding varieties for 1933 were as follows:

1929 seeding (from second cutting only): Italian (1.82 tons); Utah (1.74 tons);

Dakota, Kansas and New Mexico (1.71 tons).

1930 seeding (from two cuttings): South African (3.72 tons), Hungarian (3.70

tons), Italian (3.65 tons), Oklahoma (3.57 tons), and Hardigan (3.51 tons).

1931 seeding (from two cuttings): New Mexico 19010 (4.63 tons), Hardigan

(4.56 tons), New Mexico 19011 (4.54 tons), Argentine (4.53 tons), and Utah

(4.49 tons).

1932 seeding (from two cuttings): Cossack (3.26 tons); Hardigan (3.03 tons);

New Mexico (2.96 tons); Grimm (2.80 tons); Ontario V^ariegated, Kansas, and

Montana (2.77 tons).

No new alfalfa plots were seeded in 1933.

Red Clover. The data from two cuttings of red clover plots seeded in 1932

afford the same conclusions as in previous years—that the northern-grown

American varieties are the best yielders. The highest yielder was Ohio (3.78

tons). No new plots were seeded in 1933.

Vetch. The results of the 1932 fall seeding of vetch and wheat were incorpo-

rated in a summary of vetch yields covering the duration of the experiments,

1930-1933. From the 1932 seeding, Oregon Hairy yielded .79 tons of vetch,

followed by Smooth which yielded .69 tons. For the two years, the Smooth

vetch averaged .70 tons, Oregon Hairy .69 tons. It was concluded that this
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legume should not be permanently substituted as a forage crop for clovers,

alfalfa, or soybeans.

Soybeans. Forty-nine new soybeans, including nine edible varieties, were

observed in 8-foot rows, to determine their adaptability to New England condi-

tions. Two of the edible varieties and seven of the forage varieties did not

reach maturity.

Sweet Clover. Plots of hulled and unhulled sweet clover were seeded at inter-

vals from December 1931 to May 1932, and their yields compared after cutting

in 1933. The best yield (2.19 tons) was obtained from the February 1 seeding

of unhulled. This is in general agreement with the results of the previous ex-

periment.

Crimson Clover. The highest yields of crimson clover (.96 tons when grown
with oats as a companion crop, 1.19 tons when grown alone) were obtained from

plots seeded in the middle of May rather than later.

Lespedeza. Two strains of early Korean Lespedeza were seeded early in May,
and the seed harvested in October. Strain 65280 yielded 72 pounds of seed per

acre: strain 59379, 101 pounds per acre. A rather dense growth was observed

on the volunteer reseeding from the shattered seed of the previous year's crop.

These two strains were also seeded on an upland pasture early in the spring

before frost had come out of the ground. Seed were not worked into the soil

by artificial means. The fields used had been previously used for a top-dressing

fertilizer and lime experiment. There was a fair stand of lespedeza plants early

in the spring before grazing had begun, but at the end of the season less than 1

per cent of lespedeza plants could be found in the sod. They were very small,

but in most cases bore seed. Little or no difference in stand of lespedeza could

be attributed to the differential fertilizer and lime treatments.

Top-Dressing Grasslands with Fertilizers.

son, and M. E. Snell.)

(A. B. Beaumont, R. W. Donald-

Fertilizer Ratios. Part I of this experiment was terminated at the close of the

1932 season, and the field plowed and reseeded in the summer of 1933. The gen-

eral plan of the previous experiment was followed except that enough phosphoric

acid (in the form of 16 per cent superphosphate) to last for about 5 years was

applied and harrowed in prior to seeding. Nitrogen and potash will be applied

annually as top-dressing. Part II was started in 1932, and differs from Part I

only in that wider ratios were used. The yields are summarized below:

Mean Yields of Cured Hay

Part I, 5 years (1928-1932) Part II, 2 years (1932-1933)

Fertilizer
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It may be noted that a distinct response to nitrogen and potash, but no re-

sponse to phosphoric acid, all as top-dressing, is indicated by these figures.

Forms of Nitrogen. This experiment in the top-dressing of an old mowing
was started in 1932. Cyanamid came from last place last year to first place this

year in the order of effectiveness. The relative yields from the various treat-

ments for 1933 are as follows:

Check (no nitrogen) 100

Ammonium Sulfate 192

Urea 193

Nitrate of Soda 216

Cyanamid 220

This field has received no phosphatic or potassic fertilizers and no lime since

the experiment began.

Experiments with the New£r Nitrogen Fertilizers. (A. B. Beaumont.) In the

spring of 1929 a field experiment was started with several of the new nitrogen

fertilizers, some of the old standard carriers being used for comparison. The
materials used were:

Per cent Per cent
N P.Os

Ammonium Sulfate (by-product) 20.5

Ammonium Phosphate (Ammo-Phos) . ... 11 48

Diammonium Phosphate (Di-ammonphos) 21 53.4

Ammonium Chloride 26.2

Calcium Nitrate 15.5

Nitrate of Soda (Chilean) 15.5

Nitrate of Soda (synthetic) 16.25

Urea 46

Calcium Cyanamid 22

For the first two years of the experiment, the fertilizer used on all plots was
equivalent to 800 pounds of a mixture containing 4 per cent N, 17.45 per cent

P.2O5, and 6 per cent K.,0. No fertilizer was applied the third year when hay

was grown. The fourth and fifth years the fertilizer was equivalent to 1200

pounds of the mixture indicated. The reaction of the soil used was about pH 6.2

at the beginning of the experiment. Four crops of ear corn and one crop of

mixed grass and clover hay have been grown in the period 1929-1933. No signi-

ficant differences in yield have been obtained from the different fertilizers, although

the yield from ammonium sulfate is trending low. This material and ammonium
chloride have slightly lowered the pH value of the soil. The nitrates and calcium

cyanamid, particularly the latter, have somewhat raised the pH value. The
two ammonium phosphates and urea have not effected marked differences in

the soil reaction.

This experiment indicates that on a soil of this character one may expect almost

identical results from the nitrogen fertilizers used for tilled crops having require-

ments similar to those of corn for a period of five years at least, without the use

of lime. If the experiment is to be continued on the same plan, further diver-

gence in soil conditions resulting from the use of the different nitrogen fertilizers,

and corresponding variations in yield of crops may be expected.
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Field Experiments with Tobacco. (A. B. Beaumont and M. E. Snell.)

Cropping Systems. Results for the period 1924-1932 were summarized in the

last annual report and have since been published in Bulletin 297.

In 1933 changes were made in the plan of the experiment which involved the

lengthening of the tobacco rotation and the substitution of new cover crops

for some which had been tried several years. As no lime had been applied to

the field since the beginning of the experiment, and the reaction of the soil had

been reduced to a fairly low point (about pH 5.0), all plots except five of the

check plots were given an application of limestone at the rate of 1 ton per acre

in the spring of 1933. (It should be understood that the differential treatments

listed were supplementary to fertilizer which was applied to all plots alike.)

Yields from the various treatments were:

Pounds per Acre

Check plots without lime 1894

Check plots with lime 1809

Manure supplement 2017

Manure and red top cover crop 1747

Oats cover crop 1 742

Barley cover crop 1557

Spring wheat cover crop (sown in the fall) 1545

Clover cover crop 1 766

Form Of Nitrogen. In the experiment with fertilizers having one half of

the nitrogen from cottonseed meal and the other half from different carriers,

the highest yield was obtained from the mixture containing calcium c\anamid,

closely followed by the standard mixture (containing a mixture of different

nitrogenous materials), urea, nitrate of soda, and ammonium sulfate.

Quantity of Organic Nitrogen. In the experiment with different proportions

of organic and inorganic nitrogen, the highest yield was obtained from the mixture

containing 3/8 organic nitrogen and 5/8 inorganic nitrogen, while that containing

]/i organic nitrogen gave the lowest yield. Tobacco grown in this experimeht

in 1932 showed little difference in grade index when sorted.

Method of Applying Fertilizer to Tobacco. This experiment was continued in

1933 with the same methods and equipment that were used the previous year.

The average yields were as follows:

Machine Application Broadcast Application {Check)

Pounds Pounds
per Acre per .'\cre

4/8 Standard application 1782 Standard application 1900

5/8 Standard application 1778 Standard application 1801

6/8 Standard application 1885 Standard application 1852

The experiment was repeated on one of the nearby private farms used in 1932.

The highest yield was obtained with the 6/8 standard application alongside

the row.

Four \ears' results from this experiment indicate that the amount of fertilizer

may be reduced 1/4 to 3/8 without reducing yield or impairing grading quality

of tobacco, if the fertilizer is applied near the row instead of broadcast. In

addition, the operations of broadcasting and harrowing in fertilizer are saved.
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Magnesium Requirement of Crops. (A. B. Beaumont and M. E. Snell.)

The soil on which this experiment is being conducted is only moderately deficient

in magnesium, judging from reports of experiments on magnesium-deficient

soils in other sections. Within recent years 14 common crop plants have been

grown in this experiment, but only 5—corn, tobacco, oats, buckwheat, and

turnips—have shown definite symptoms of magnesium deficiency, and the yield

of some of these was not seriously reduced. Buckwheat is one of the most

sensitive to magnesium deficiency of the plants studied in this experiment.

Certain weeds have shown marked symptoms of magnesium deficiency. The
crops grown in 1933 were barley, oats, Sudan grass, Japanese millet, buckwheat,

turnips, and corn. With the hope of accentuating soil differences of the field

under experiment, an acid-producing fertilizer was used this year, and another

application of lime was given the portion previously limed.

Methods for Determining Magnesium Deficiency in Soils. (J. L. Haddock.)

Various laboratory' methods for the determination of mineral deficiencies in soils

were studied during 1931-32. Two of these methods showed fair agreement

with pot and field tests. The Newbauer method may be used on soils very

deficient or well supplied in magnesium. The exchangeable magnesium as

obtained by soil extraction with normal KCl solution gave close agreement with

magnesium-deficient soils, as shown by chlorosis of corn and tobacco.

An interesting observation was made in the summer of 1932 on the magnesium
plots. It was noted that the common weed, lamb's quarters {Chenopodiiim

album L.), was growing on all plots along with buckwheat:. On the plots treated

with magnesium the weeds grew to an average height of 3 feet, while on the

deficient plots there were fewer weeds and the plants had an average height of

only 15 inches.

Chemical analysis of corn and lamb's quarters grown on the magnesium plots

gave some interesting results which suggest that this weed may be useful as a

magnesium indicator plant.

Chemical Content of Corn and Lamb's Quarters as Influenced by Soil Treatment

Content of Content of
Treatment Corn Stover Lamb's Quarters

J
Per Cent Per Cent

Ca Mg Ca Mg

Calcium alone 0.49 0.12 2.39 0.16

Calcium -f magnesium 0.39 0.15 1.98 0.44

Magnesium alone 0.38 0.18 1.40 0.48

No calcium; no magnesium. 0.41 0.08 1.67 0.12

Onion Field Experiments. (M. E. Snell.)

Onion Set Production. The past season's work on this project has but con-

firmed the statements made in the last annual report regarding fertilization

for onion set production. The yields of sets were somewhat lower in 1933, and
there was a tendency for the smaller sizes to be slightly more numerous. Since

the use of 500 pounds of the 2-12-8 fertilizer was so successful last year, 1000

pounds were tried this year, but no improvement was seen. In previous tests

all rows have been 13.8 inches apart, but the past season they were tried 8 and 11

inches apart. It was rather difficult to operate between rows only 8 inches

apart, and the yield was not increased with the 500 pounds of 2-12-8 fertilizer

used. Perhaps 1000 pounds of this fertilizer would have been better in this case.
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The 11-inch rows, however, gave very good results with the same fertilizer appli-

cation.

The sets produced in 1932 were graded and weighed for storage loss after

they had been stored for about si.x months. The loss included sprouting, decay,

and shrinkage from loss of moisture. On the J^-% inch sizes, the loss was 28 per

cent with the sets grown on the 0-12-8 fertilizer as compared with about 15 per

cent on the other fertilizer treatments. The losses of the sets grown with 500

pounds of the 4-12-8 fertilizer were as follows:

Size of Set Loss
Per Cent

M-Vi inch 20

J^-M inch 16

Over % inch 13

Since the ultimate value of onion sets is for the production of onions, a test

was made to determine the influence of the fertilizer treatment used in growing

the sets on the yield of plants grown from these sets and their tendencx' to develop

seed stalks and multiple bulbs. The sets grown in these tests were also compared
with commercially grown sets. Both of the two larger sizes were planted because

the smaller size would not give information on seed stalk production. The large

size, ^-1 inch, gave a considerably higher total yield, but after the removal of

all bulbs which developed seed stalks or multiple bulbs, the difTerence was very

slight. With the small size sets, multiple bulbs were negligible in all cases, and
less than 1 per cent had seed stalks except for the commercial which had 3.8

per cent. The large size, ^-1 inch, gave the following results:

Fertilizer Percentage Percentage
Sets Used to with with

Grow Sets Seed Stalks Multiple Bulbs

[0-12-8 15.7 3.1

%-l inch I
2-12-8 18.2 3.6

14-12-8 (500 lbs.) 18.7 2.1

[4-12-8 (1000 lbs.) 28.3 8.5

Commercial sets 37.9 17.7

This seems to indicate not only that good fields of the desired size of set can be

produced locally, but that they compare very favorably with commercial sets

for keeping quality and production of onions. It must be remembered, however,

that this test is only for one year, and the results may not be conclusive.

Onion Transplants. During 1933 another attempt was made to study the

possibilities of growing onions from transplants instead of from seed or sets.

This phase of onion growing is being considered because of the difficulty of grow-

ing good crops of seed onions and the expense of planting set onions, as well as

the possibility of growing some of the larger, milder types of onions in this section.

It takes about three months in a greenhouse to grow plants for transplanting,

and the labor of transplanting is about the same as it is with sets; so the expense

of planting is pretty high.

In the trials made, seed onions which were planted at the same time as the

transplants were not at all promising, but very fair results were obtained with

the transplants of some of the varieties. Transplants would generally yield less

than sets and would be later maturing, but very good yields of high grade onions

can be obtained bv this method.
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Onion Breeding. (M. E. Snell.) The past season some of the better yielding

inbred strains were planted on fair-sized plots for comparison with some of the

better commercial varieties grown locally. Since the season was very unfavorable

for seed onion production, the yields were very small and poor in all cases, but

the commercial varieties were generalh' superior to the inbred strains.

For the first time bulbs selected from first-generation hybrids were planted

for seed production. Many of the bulbs showed good vigor as compared with

the inbred strains. Sets had also been grown from inbred strains and were

planted for bulb production. The growing plants from the sets were remarkably

uniform in type and in most cases had some outstanding characteristics. This

phase of the breeding work should not be overlooked, as it appears that the prin-

cipal way in which onions are to be grown in this section is from sets. Sets also

offer much more satisfactory material for this work than seed onions which often

give very unsatisfactory >ields necessitating the use of undersized and poor

bulbs for seed production. With sets there is, of course, the difficulty of growing

good sets for planting from only a small amount of seed.

The past season the bulbs for crossing were grown in the station glasshouse

on cars which could be pushed in or out as desired. This permitted the pollina-

tion of flowers in wet weather as well as fair, and a much better set of seed was

obtained than previously.

Toxicity of Aluminum for Tobacco. (Walter S. Eisenmenger.) Tobacco

plants were grown in aluminum citrate solutions. These plants grew in a com-

plete nutrient solution for two days, and on the succeeding two days the phos-

phates were withheld and various concentrations of the aluminum salt were

added—0, 2, 5, 15, 30, 50, 70, 85, 95, 98, and 100 per cent of 0.006 M. Toxicity

was indicated in dry weight of tops and roots.

At present the antagonistic effect of the calcium ion on the aluminum ion in

the nutrient solution is being determined.

The Toxicity of Aluminum for Seedlings, and the Action of Certain Ions in

the Elimination of the Toxic Effects, (Walter S. Eisenmenger.) Seedings of

corn, soybeans, and buckwheat were grown in various concentrations of aluminum
citrate and aluminum tartrate. The concentrations were 2, 5, 15, 30, 50,

70, 85, 95, 98, and 100 per cent of 0.006 M of the aluminum salt. Fifty seedlings

were used for each concentration, 50 were grown in distilled water, and 200 were

grown in a complete nutrient solution. The comparison of those grown in a

complete nutrient solution with those grown in the aluminum salt solution in-

dicated that the toxicity of the salts increased with increased concentration, but

the degree of toxicity was much less pronounced above 30 per cent of 0.006 M.
Both the hydroxy! and the calcium ions were factors in overcoming the toxicity

of the aluminum salts. By adjusting the pH of the nutrient solution with citric

acid to make it comparable to the pH of the aluminum salt solutions, it was

found that the aluminum ion was more of a factor in growth retardation than

the hxdrogen ion in aluminum salt solutions.

Distribution of Nitrogen in Infusions of Plants. (Walter S. Eisenmenger.)

Water infusions of different plants were made in the greenhouse, the plants being

kept in the crocks of water for seven weeks. The water or colloidal solution was
then filtered off and analyzed for different forms of nitrogen. Except for one

corn stover which was simply ground up after it had been kept for one year in a

barn, the plants comprised the mature plants including roots and tops, and were

timothy, red clover, red top, tobacco, and corn. The latter consisted of the
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stalks and roots when the plant was ready to cut. The rate of decomposition

was about the same for corn, timothy and red clover. The tobacco decomposed
most readily, and the red top least of all.

The nitrogen of tobacco in the filtrate was for the most part protein and am-
monia nitrogen, and the red top content resembled the tobacco in this respect

to a degree. Corn, timothy, and clover contained, in addition to ammonia and
protein, apprefciable amino acids, amide, and humus nitrogen.

There was an analogy between those plants causing brown root-rot of tobacco

and the N content of the infusions.

Fine Turf Grasses. (L. S. Dickinson.) Further extensive studies are being

made concerning the need of pre-seeding fertilization of turf areas. These
experiments are being conducted on typical fine turf soil, and turf is growing

under natural conditions. The results confirm those obtained in 1931 and 1932

and indicate that on normal soils a single phosphorus carrier is ail the pre-seeding

fertilizer necessary or desirable for fine turf grasses.

A cooperative experiment has been conducted to compare the value, to turf

growers, of American peats and leaf molds with that of foreign peats, when mixed
with various t>pes of soil. The results obtained show no evidence in favor of

foreign peats.

Through the sponsorship of Merck and Company, chemists, studies have

been made of the value of the fungicide, Laboratory Number R. T.-50, for the

control of certain fungous diseases of turf grasses. This fungicide was found

to compare very favorably in effectiveness with the mercury fungicides commonly
used, and the fact that it is neither poisonous, corrosive, nor caustic is a distinct

advantage.

COOPERATIVE TOBACCO INVESTIGATIONS

Conducted by the Bureau of Plant Industry, United States Department of Agri-

culture, in Cooperation with the Massachusetts Agricultural Experiment Station.

C. V. Kightlinger. U. S. D. A., in Charge.

Black Root-Rot. (C. V. Kightlinger.) In continued investigation, numerous

strains of Havana Seed tobacco were grown in the field during 1932 (the third

year of the investigation), in the attempt to find strains of Havana Seed which

may be satisfactory under Connecticut Valley conditions, for resistance to black

root-rot, type of plant, type and quality of leaf, and producing capacity.

One strain was Havana Seed of the sort that is grown commonly in the Connect-

icut Valley, which is known to be susceptible to black root-rot, but is acceptable

for type of plant and t\ pe and quality of leaf produced. This strain was used

as a standard of comparison for type. One strain was Havana Seed 142A3,

which is known to be satisfactorily resistant to black root -rot. This strain was

used as a standard of comparison for such resistance. Of the new black root-rot

resistant strains of Havana Seed tested in 1932, six were grown for the first time

in 1930, seven for the first time in 1931, and eight for the first time in 1932.

In one case these strains were all grown on land which was free or nearly free of

Thielavia basicola, the fungus which causes black root-rot of tobacco. In another

case the strains were all grown on land which was heavily infested with this fungus.

Eleven of the new strains were selected for further testing in 1933.

The production of these eleven resistant strains and their checks, in 1932,

was as follows:
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Strain of

Havana Seed
Tobacco

Common strain ,

Grown on land free or
nearly free of
Thiflavia basicola

Grown on land heavily
infested with

Thielavia basicola

Yields Grade
per Acre Index
Pounds

2098

142A3 2367

.419

.440

Crop
Index

879

1042

Yields Grade
per /Vcre Index
Pounds

1268

1991

.256

.349

Crop
Index

325

695

New strains

No. 10.. .
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growth. In testing acid soils, such as those of this vicinity, it is customary to

add an excess of calcium carbonate to the soil to provide a reaction satisfactory

for Azotobacter growth. Perhaps the calcium may combine with the phosphorus

of the soil to fotm insoluble tricalcic phosphate which would not support Azoto-

bacter growth. This possibility is being investigated.

Calcium Metabolism of Nitrogen-Fixing Bacteria. (J. E. Fuller.) This is

a new project begun in the spring of 1933. The object is to determine whether

calcium salts are important in the metabolism of bacteria except as regulators

of reaction in the substrata. At present the study is limited to a consideration

of the metabolism of Azotobacter. A medium free from calcium has been devised

which produces more fixed nitrogen in Azotobacter cultures than is obtained on

Ashby's Medium. Suitable reaction in the medium is obtained by the use of

di-potassium phosphate. The addition of calcium carbonate in several concen-

trations has not resulted in greater quantities of nitrogen being fixed by Azotobacter

cultures than when the calcium-free medium is employed. Care has been taken,

by the use of analyzed chemicals, to obtain a medium which is free from all

calcium except that which is purposely added.

Biological Studies of Bacteria of the Coli-Aerogenes Group. (J. E. Fuller.)

This is another new project, the purpose of which is to investigate the physiology

of, and the influence of environment on, members of the Coli-Aerogenes group of

bacteria in the effort to interpret more satisfactorily the results of bacteriological

examinations jof water and milk. It is proposed to determine, if possible, whether

bacteria of this group having different physiological reactions are in reality

different species, or merely temporary variants produced by environment. The
study has just been started and the time to date has been spent in the collection

and purification of cultures.

Laboratory Service. (R. L. France.) Following is a list of the number and

types of examinations made in the laboratory during the past year:

Milk (bacteria counts) 1,087

Water 120

Miscellaneous:

Butterfat 309

Solids 18

Stringiness 1

Total 1,535

The total number of analyses shows a slight increase over the previous year.

The milk phase of service is proving of great value to producers, dairymen and

local inspectors throughout the Valle\

.

The number of water analyses compares favorably with the previous year.

Through the cooperation of the Engineering Specialist of the Extension Service,

it will be possible in the future to make a sanitary survey of polluted private

water supplies. By this means constructive suggestions as to the elimination

of the pollution wnll be available, thus giving a most complete service in this field.

The stock of legume cultures has been kept intact and furnished to farmers

requesting them for inoculation of leguminous plants.

The Indol Tolerance of the Coli-Aerogenes Group of Bacteria as a Possible

Means of Differentiating Fecal and Non-Fecal Strains Occurring in Drinking

Water Supplies. (R. L. France.) Results to date indicate a very definite
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indol tolerance of certain fecal strains of Bad. coli. Information is now being

accumulated on the indol tolerance of certain strains of Bad. aerogenes and the

intermediate group.

A Comparison of Devereux "Yeast Extract" Agar and Standard Agar for

Plating Milk Samples. (R. L. France.) A preliminary paper on this subject

was read before the Connecticut Valley Section of the American Society of

Bacteriologists. The results indicate that the "Yeast Extract" agar has no
advantages over the Standard agar when used for determining the bacterial

content of raw milk. Further data are being collected to determine the value

of the Devereux agar when used for plating pasteurized milk. Studies are being

made of several other media which might be used for determining the bacterial

content of pasteurized milk. In these studies an incubation temperature of 32° C.

is being used in addition to the standard temperature of 37° C.

The Effect of Aging Temperature on the Bacterial Count of Pasteurized Ice

Cream Mixes. (W. S. Mueller and R. L. France.) The results of this investiga-

tion indicate that ice cream mixes may be held at 68° F. for six hours without

any significant increase in bacterial count.

DEPARTMENT OF BOTANY

A. Vincient Osmun in Charge

Black Root-Rot of Tobacco. (\V. L. Doran.) In 1932, tobacco was grown for

the ninth year in a field last limed in 1923. Its burn this year was unaffected

by the earlier liming. It was not of inferior quality, but had shorter leaves than

tobacco from unlimed plots.

Tobacco plants in pot experiments were uninjured by ammonium sulfocyanate

800 pounds per acre, applied to soil 11 weeks before planting, but infection by
Thielavia basicola was not prevented.

Aluminum phosphate 2 tons per acre, applied to soil in pot experiments, did

not pre\'ent black root-rot and did not affect growth of tobacco.

Brown Root-Rot of Tobacco. (\V. L. Doran.) Growth of tobacco in brown
root-rot soil was improved by applications of calcium nitrate and orthophosphoric

acid together, but not by either alone. Sucrose 600 pounds per acre, applied to

soil free from brown root-rot, did not induce the disease. Copper sulfate 120

pounds per acre had no effect on brown root-rot.

Downy Mildews of Cucumber and Lettuce. (W. L. Doran.) Downy mildew

was severe on greenhouse cucumbers in the fall of 1932, but the fungus (Perono-

plasmopara cubensis (B.&C.) Clint.) did not live on plants in greenhouses after

early January. It was next found here in the field on September 2, 1933, the

latest recorded date of its first appearance. Many fields escaped it until Septem-

ber 8, when picking was already over.

Soil in which cucumbers were growing (in crocks) was watered only with solu-

tions of copper sulfate (0.29, 0.43, 0.57, 0.86, or 1.0 gram per gallon), applied

often enough to keep the soil at or near the optimum moisture content for growth,

beginning June 30 (when plants were 10 days old) and ending September 11.

Plants were inoculated with P. cubensis on September 3. None of these treat-

ments increased resistance to infection by this fungus, and all of them were

slightly injurious to the growth of plants.
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Soil, 3 inches deep in flats, in which lettuce seedlings were growing, was watered

only with solutions of copper sulfate (0.43, 0.57, 0.86, and LO gram per gallon),

applied often enough to keep the soil at or near the optimum moisture content

for growth. One month after treatment began, tip burn was severe on plants in

soil receiving only water, but there was no tip burn on plants watered with any
of the solutions of copper sulfate. At this time all plants were inoculated with

Bremia lactucae E. Kegel. Less infection (than the checks) resulted on plants

in soil which had received copper sulfate, but plants were injured by the treat-

ment. There was but little infection on plants in soil watered with 1.0 per cent

copper sulfate solution, but this treatment was very injurious to plants.

Lettuce plants which had been watered for one month with these solutions

of copper sulfate were set in the field, after which they received no more copper.

They, too, were inoculated with B. lactucae, and the spread of downy mildew

on them during the summer showed that no lasting protection had resulted

from earlier applications of copper sulfate to the soil.

The following materials (per acre) were applied to soil in pots: potassium

carbonate 1000 pounds, hydrated lime i]/^ tons, these materials together in

these amounts, and copper sulfate 250 and 400 pounds. Lettuce plants were

set immediately thereafter. These plants and untreated checks were inoculated

with B. lactucae 4 weeks later. None of the treatments significantly' affected

infection. Great injury to the plants was caused by 400 pounds of copper sulfate

and by potassium carbonate and hydrated lime applied together.

Control of Greenhouse Vegetable Diseases. (E. F. Guba, Waltham.) The
probability of developing varieties of tomatoes sufficiently resistant to tomato

leaf mold, caused by the fungus Cladosporiiim Julvum Cke., to prevent crop loss

appears promising. Selections have been made of the F^ and ¥ ^ generations

of the hybrids noted in the previous annual report (Bulletin 293, p. 17). The
red currant tomato, Lycopersicum pimpinellijoliiim Mill., which is immune to

the disease, has been hybridized with Success, Belmont and Break o'Day. Of

several tomato hybrids grown in the field, the following showed the highest

degree of resistance in the F., generation: Bewley II (Stonnor's M. P. X Up-to-

Date) with Norduke, Bewley IV (E S 1 X Up-to-Date) with Norduke, Bewley I

(Riverside X Up-to-Date) with Norduke, Norduke with Stirling Castle, Up-to-

Date with Norduke, and Maincrop with Norduke. The parents of these hybrids

possess considerable resistance to the disease, but they are not satisfactory

greenhouse tomatoes. Other hybrids with a susceptible and a resistant parent

showed no resistance in the Fj growing.

A spray consisting of 1 ounce of salicylanilide paste (Shirlan H B) and 23^

ounces of sulfonated oil spreader (Agral I), which is reported from England to

be very effective in controlling the disease, was used with very good results.

Spraying lacks the advantages of sulfur vaporization (see Bulletin 248). A patented

sulfur vaporizing apparatus, the "Suiphurator," was investigated and subjected

to certain improvements in construction. This ingenious apparatus gives promise

of replacing other methods of applying sulfur fungicides under glass.

Eradication of Nematodes in Greenhouse Soils by the Use of Chemicals.

(L. H. Jones.) Orthodichiorobenzene has not proved to be a practical substitute

for paradichlorobenzene when used with calcium cyanide for the eradication of

nematodes in ground beds. The poisonous effect on the plants persists longer

and, although more than half the tomato plants were free of nematode galls,

there was a greater degree of infection with orthodichiorobenzene than with

paradichlorobenzene.
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Vegetable Seed Treatments. (E. F. Guba, Waltham.) Organic mercury

and red oxide of copper powders consistently gave the best results in controlling

damping-oflf in the greenhouse, and the difference in the merit of the two materials

was in general in favor of red copper oxide. Monohydrated copper sulfate

in general gave comparatively poor results, but even these were better than with

no treatments. In other experiments, dry powdered basic copper sulfates, copper

acetates, and copper carbonates gave excellent results. In two extensive field

experiments the best stand and growth were obtained from seed treatments with

organic mercury and red oxide of copper, while monohydrated copper sulfate

proved of little or no value. Further comparative tests of the most promising

powders are planned, to determine the best dry seed treatment for each field-

sown vegetable crop.

Injury was noted from soaking seeds of tomato, squash, cabbage, and cauli-

flower in mercuric bichloride solution at recommended intervals and dilutions,

while corn and cucumber were not affected. Organic mercury soaks were safe.

In view of the excellent stands resulting from seedbed treatments with oxy-

methylene dusts under glass, and from dry seed treatments in the field, the

practice of soaking seeds in liquid mercury disinfectants as an additional means

of controlling certain crop diseases in the field is open to question.

Causes and Control of Decay of Winter Squash in Storage. (E. F. Guba,

Waltham.) So far, work has been concerned with visitations to squash storages

and the culturing of material for study. The following organisms have been

isolated from decajed squash: Rhizopus sp., Penicillium sp., Acrostalagmus

cinnabarinus Cda., Hormodendron dadosporiotdes E. & H., Mycosphaerella cit-

ndlina (C. O. Smith) Gross, two undetermined species of Gloeosporium, two unde-

termined species of bacteria, three undetermined species of Fusarium, and
Bacillus tracheiphilus E. F. S. The biology of most of these species has been

established and the different types of decay resulting from artificial inoculation

described.

Complete surface disinfection of Blue Hubbard squash at a temperature range

of 60° to 70° F. required 9 liquid ounces of formaldehyde and 6 ounces of potassium

permanganate by weight to 1500 cubic feet of space, when the gas was confined

24 hours. Shorter exposures were ineffective, and the merit of weaker doses at

longer exposures was not determined.

Strawberry Gold Leaf. (E. F. Guba, Waltham.) The seriousness of this

non-infectious chlorotic disease of the strawberry is expressed in inferior plant

making and increased susceptibility to winter injury—both of which greatly

diminish the yield and quality of berries. Two comparative plots with the same
number of mother plants had a difference in yield of 4349 boxes of berries per

acre in favor of yellows-free stock. No spread occurred from diseased to healthy

rows of plants growing adjacent to each other in the field. Propagation of these

plants is being continued for further evidence. Vertical unions of the root crown

of diseased and disease-free stock did not result in spread of the disease to the

healthy half, or to its daughter plants in the first cropping season.

Diseases of Herbaceous Ornamental Plants Caused by Soil-Infesting Fungi.

(W. L. Doran.) This project was begun with work on the effect of certain soil

treatments on damping-off and on growth of plants. Except as otherwise

indicated, treatments were applied to soil immediately before seeding. The
number of grams of material applied per square foot of soil surface and thoroughly

mixed with soil is indicated. Soil was 3 inches deep in flats. Most of the damp-
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ing-off which occurred was caused by species of Pythium, although Rhizoctonia

was also present in some instances.

Results of some of the experiments are tabulated below. The work to date is,

of course, only preliminary, and the results should be considered as indicative

rather than final.

Material Tested

Aluminum
sulfate

Grams per
Square
Foot of

Soil

Surface

20
25

30

40

Effect on
Damping-off

Not controlled
Not controlled

Not controlled

Less than check

Effect on Plants

Harmless to all species used.
Some injury to foxglove {Digitalis piirpurea),

aster (Callislephus chinensis), and beet.

Injurious to Primula polyantka and cucumber;
harmless to Calendula officinalis, sweet pea,
and lupine {Lupinus polypliyllus).

Somewhat toxic to all species used except
Dianthus.

Ammonium
hydroxide (1)

(sp. gr. 0.9)

Ammonium
sulfocyanate (1)

fl:60*
l:oO*

) 1 :40*

1:30*

Not controlled
Fair control
Good control

Good control

Not controlled
Not controlled

Not controlled

Harmless to all species used.
Harmless to all species used.
Some injury to Alyssuvi saxatile and sweet

alyssum (Lobularia mariiima).
Toxic to Alyssum saxatile, sweet alyssum, sweet
pea, Scabiosa atropurpurea, beet and cucumber.

Harmless to all species used.
Harmless to sweet alyssum. Calendula, and

beet; slight injury to cucumber.
Harmless to sweet pea and Calendula; injuri-

ous to cucumber and sweet alyssum.

Calcium acetate

Calcium
cyanamide (1)

Calcium
hypochlorite (1)

Copper, metallic
(a powder, 99.87o
metallic copper)

Copper-lime dust
(85-15)

Copper sulfate

Mercuric chloride

Potassium
permanganate

20
40
50

1.5
2.0

Not controlled
Not controlled
Less than check

Good control

Good control

Not controlled

Not controlled
Less than check

Less than check

8
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Material Tested
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flowering and foliage, did better in these metal containers than in clay pots

on a dry surface. There was no sign of copper injury and a chemical analysis

showed no indication that copper had been absorbed by the plant from the

copper in the container.

In other tests of the effect of copper on plants, copper containers did not prove

harmful to plants grown in them for a period of 200 days. Neither did solid

pieces of metallic copper, buried in the soil in glass tumblers in which three

crops of tomato plants were grown over a period of 225 days, have anj' effect on

the plants. Metallic copper in powder form, however, proved injurious to plants,

the effect varying with the type of plant. In some cases the plants produced

yellowish or pale yellow leaves; in others, the plants were stunted and produced

few if any new roots.

Jardinieres are practical coverings for clay pots if they are close-fitting. How-
ever, if there is a large air space between the pot and the jardiniere, better results

will be secured if this space is filled with moist sphagnum moss.

An enamel paint is a satisfactory means of making clay pots nonporous. To
prevent chipping, the pot should be clean and dry before the paint is applied and

the pot should be painted inside as well as outside.

The ordinary clay pot is not satisfactory unless it is used on a moist surface.

For use in offices and living rooms, ,moist sphagnum moss under the pot has

proved more satisfactory than either moist sand or sponge rubber. The moist

sand apparently withdraws nutrients from the pot, and the sponge rubber allows

too much free water to come in contact with the pot, thereby keeping the soil

too moist.

Nutrients, particularly soluble nitrogen, may find ingress or egress through

the moist wall of a clay pot. The direction of the flow is determined by the con-

centration of the nutrients in the moist medium on which the pot rests. If the

medium is sand, the nutrients are absorbed by the sand; if soil, the nutrients may
pass from the soil beneath the pot through the pot wall and benefit the plant.

Plants that were yellow because of nitrogen deficiency recovered in 10 days to a

normal green color after the drainage holes were plugged and the pots were

moved from a cinder bench to a bench of soil. Plunging pots in soil undoubtedly

increases the feeding range of the potted plant in addition to cutting down water

loss by evaporation from the wall of the pot.

THE CRANBERRY STATION

(East Wareham, Massachusetts)

H. J. Franklin in Charge

Injurious and Beneficial Insects Affecting the Cranberry. (H. J. Franklin.)

Control of the Cranberry Root Grub (Amphicoma vulpina). Flooding to control

this insect, described in the last annual report (Bulletin 293), was tried on another

bog this season, the winter flood being let off early in April and the bog being

reflooded from May 17 to July 5. The treatment was again highly successful

and probably may now be safely regarded as very reliable.

Pyrethrum Dust. (Dr. E. A. Richmond, employed locally by the Crop Pro-

tection Institute, cooperating.) Research work with pyrethrum dust mixtures

was continued extensively during the past season. Satisfactory power machines

for applying the dust on a large scale were developed by local manufacturers, and
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hundreds of acres were dusted commercially. In both the research and commer-

cial dusting, all the dusts used were mixtures of fine ground pyrethrum flowers

and 300-mesh gypsum. Following is a summary of the results of the season's

experience with these dusts (the pyrethrum dust used in the mixtures having

a 1 per cent p\rethrin content in all cases).

Insect

Gypsy Moth
{Porthetria dispar L.)

Cranberry Spittle Insect

{Clastoptera vittata Ball)

Cranberry Black Bug
{Plagiognathus repelitus Knight)

False Army Worm
{Xylena nupera Lint.)

Brown Cranberry Spanworm
{Ematurgia amitaria Gn.)

Blackheaded Fireworm

(Rhopobola vacciniana Pack.)

Cranberry Girdler

{Crambus hortuellus Hubner)

Green Cranberry Spanworm
(Itame sulphurea Pack.)

Blunt-nosed Leafhopper

(Ophiola slriatula Fall.)

Cranberry Weevil

{Anthonomus musculus Say)

*Since this mixture is strong enough to materially reduce infestations of several other important

bog pests, its use is perhaps advisable in spite of the cost. The last week in June is probably the

best time to treat this leafhopper, all things considered.

Stage of
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Weather Observations. (H. J. Franklin.) Further records bearing on frost

forecasting were made for the Station by observers at East Wareham, North

Harwich, East Gloucester, Carlisle, Fitchburg, Worcester, and Holliston. These

records and those of previous years were studied intensively, and the formulae

for predicting minimum bog temperatures were carefully revised to accord with

them.

COOPERATIVE CRANBERRY INVESTIGATIONS

Conducted by the Bureau of Plant Industry, United States Department of Agri-

culture, in cooperation with the Massachusetts Agricultural Experiment Station.

H. F. Bergman, Senior Pathologist, U. S. D. A., in Charge.

Development of Strains of Cranberry Resistant to False Blossom. (H. F.

Bergman, W. E. Truran, and Jos. L. Kelley.) Selected wild vines collected in

Maine in 1932 were set out on the State Bog. Most of the vines made good

growth and will be ready for propagation in 1934. Seedlings have been grown

from seeds of fruit from naturally pollinated flowers of the Early Black, Howes,

and McFarlin varieties to determine whether or not variations in the resistance

to false blossom will be found in seedlings segregating out in the progeny. Seeds

from reciprocal crosses of Early Black and McFarlin made in 1932 were planted,

but none of the seeds germinated.

Oxygen Content of Flooding Water in Relation to Injury to Cranberry Vines.

(H. F. Bergman and W. E. Truran.) Further experiments were made to deter-

mine the effect of the absence of oxygen in winter-flooding water on the develop-

ment of terminal and fruiting buds during the following season. They indicate

that low oxygen content in the winter-flooding water causes a retardation of

development of terminal buds and, when oxygen content approaches complete

absence, many of the terminal buds are killed. Flower buds of Early Blacks

and Howes on the State Bog and some other nearby bogs were tagged and their

development was followed throughout the growing season. Counts of fruit set

from these buds indicate, as in last year's counts, that on the basis of the total

number of fruits set from the total number of uprights examined, with one ex-

ception, more fruits were set from large or medium sized terminal buds than from

small ones. The exception was found in one section of Howes on the State Bog
where the winter flood was shallow. Here 48.3 per cent of the flower buds from

small terminal buds set fruit as against 42.9 per cent for the medium and 41 per

cent for flowers from large terminal buds. In deeper water on the same section

the fruit set from flowers from large terminal buds was 41 .2 per cent ; from medium,

35.8 per cent; and from small ones, 31.8 per cent. These variations have not

been correlated with oxygen content of the winter-flooding water.

Regeneration of False Blossom Bogs. (H. F. Bergman and Jos. L. Kelley.)

Commercial weed killer (sodium arsenite) was applied to only one bog during the

past season. The weed killer was applied on two plots: on one at the rate of 800

gallons per acre; and on the other, 1000 gallons per acre. The higher rates of

application appeared to be more satisfactory than lower ones.

Experiments were started on another bog to determine the effect of heavy

sanding, and of heavy sanding plus use of fertilizer, on the reduction of the

amount of false blossom.

Vines of the Howes variety on these experimental plots showed a marked im-

provement both with sanding alone and with sanding and subsequent fertiliza-

tion, as compared with untreated areas.
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Spraying Experiments with Bordeaux Mixtures. (H. F. Bergman, W. E.

Truran, and Jos. L. Kelley.) Spraying experiments similar to those of the pre-

ceding year were carried out during the past season. Spraying experiments

on one of the bogs previously used were discontinued and experiments were

begun on two other bogs. In nearly all instances this season two applications of

spray proved to be as effective in controlling fungous rots as three. All sprayed

plots, however, showed improvement over unsprayed plots, although in a few

instances as much as 15 to 20 per cent of rot was found on plots which had been

sprayed two or three times.

In order to test the effect of Bordeaux spray when applied to open flowers,

about 100 uprights on each of 12 to 14 plots were tagged. Each upright had

some open flowers and some unopened buds. These uprights were examined

again late in the summer to determine the number of fruit set. The average set

for all blossoms, including both sprayed and unsprayed, was 33.8 per cent; for

those sprayed when open 34.3 per cent; for those sprayed in unopened bud stage

28.1 per cent. There is no indication that appKing Bordeaux to fully open

flowers causes any reduction in the number of fruit set.

Storage Test of Cranberries. (H. F. Bergman and \V. E. Truran.) Berries

from experimental spray plots stored in the basement of the State Bog building

at air temperature showed less loss from fungous rots than those from unsprayed

plots. Most of the loss occurred early in the storage season. With berries of

early varieties, near!>- all of the fruit from unsprayed plots was rotten by Novem-
ber 15, while those from plots receiving two or three applications of spray have

shown a loss of only about 30 to 40 per cent up to December 15. Berries of late

varieties have shown a similar behavior, but the rot has not developed as early

as in the early varieties. Berries from plots which were sprayed twice have

kept as well as those from plots sprayed three times.

DEPARTMENT OF DAIRY INDUSTRY

J. H. Frandsen in Charge

The Effect of High Initial Aging Temperatures on Certain Physico-Chemical

Properties of Gelatin Dispersions. (W. S. Mueller.) The results of this in-

vestigation have been published in Industrial and Engineering Chemistry 25:707,

June 1933.

Studies on Melting" Ice Cream. (W. S. Mueller.) Investigational work on

the use of higher aging temperatures in the manufacture of ice cream has re-

vealed a new cause for excessive retardation and curdled appearance of melting

ice cream. The results of the experiments have been published in the Ice Cream

Trade Journal. October 1933.

A Study of the Use of Higher Aging Temperatures in the Manufacture of

Ice Cream. (W. S. Mueller and J. H. Frandsen.) A full report of this investi-

gation has been published in Bulletin 302.

The Theoretical Causes of the Factors Involved in the High Initial Aging

Temperature Phenomena. (\V. S. Mueller.) The effect of high aging tempera-

tures on the Tyndall phenomenon of gelatin-water solutions is being studied.

The accuracy' of the instrument used in making these T\ndall observations
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depended largely" on the human e\e, which at best is never exact. A new Tyndall-

meter, using photo-electric cells, is being developed in order to attain greater

accuracN'.

Stabilizers for High Fat Ice Cream. (W. S. Mueller.) During the past few

\ears a number of ice cream manufacturers have been selling an ice cream high

in fat (16-24 per cent). This brings up a new problem; namely, what is the

best stabilizer for this new product? Very little experimental work has been

reported on the stabilization of high fat ice cream. The purpose of this study

is to determine the amount of gelatin needed for high fat ice cream, and also to

determine the advantages and limitations of the following proposed gelatin sub-

stitutes as a high fat ice cream stabilizer: Krabyn, Hygell, Yelkin, Kelco-gel,

Lakoe, Galagum, and Pectin. Some of these proposed stabilizers will also be

used in conjunction with gelatin.

A chemical analysis of the stabilizers to be used in this study has been made

bv E. B. Holland, Department of Plant and Animal Chemistry. Studies on the

effect of these various stabilizers on the quality of the ice cream have not pro-

gressed sufficiently to make possible definite conclusions.

The Effect of Aging temperature on the Bacteria! Count of the Ice Cream Mix.

(W. S. Mueller and R. L. France.) This research has shown definitely that a

pasteurized ice cream mix may be aged for six hours at 68° F. with no significant

increase in bacterial count. Indications are that a mix may even be held 10

hours at 68° F. with no significant increase in bacteria! count. These results

are contradictory to a general beiief in the ice cream industry that a pasteurized

ice cream mix must be cooled to approximately 40° F. immediately after homogeni-

zation in order to avoid marked increases in bacterial growth. Probable reasons

for this lag in bacterial growth are being studied.

Some Factors Affecting the Properties of Whipped Cream. (W. S. Mueller,

M. J. Mack, and H. G. Lindquist.) The purpose of this project is to study

factors, either neglected or inadequately studied in previous research, which

affect the whipping of cream and the stability of the finished product.

Some previous studies on whipping cream are open to criticism because man-

ually operated wh'ppers were used which prevented whipping under standard

conditions to a given degree of stiffness. In this investigation a mechanical

whipper has been connected with a sensitive wattmeter so that the whipping

process can be carefully studied and controlled. Preliminary trials with this

method have shown that both the rate of whipping and the stiffness of the whipped

cream can be measured at any time in the process with considerable exactness.

A method of this type should be used in the control laboratory as well as for

research since minor differences, often overlooked in hand whipping, are easily

detected with a mechanical whipper which has a constant speed.

Preliminary studies have been made on the following factors:

1. Effect of percentage of fat.

2. Effect of temperature.

3. Effect of aging.

4. Effect of delated cooling.

A Study of Ice Creams High in Fat Content. (AI. J. Mack.) A tendency

towards the manufacture of richer ice cream has been evident in New England

for several years. Keen competition within the industry, coupled with lower

ingredient costs, undoubtedly are factors which have an important bearing on the

increased use of richer ice creams.
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Ice creams which are considered high in fat have a butterfat content of 18

per cent or more. In the manufacture of these rich ice creams two serious

difficulties have been encountered. One is an excessive viscosity which inter-

feres with efficient homogenization, cooling, freezing, and packaging. The other

is a very undesirable melting appearance. When served, the ice cream does not

melt into a creamy liquid but remains rigid as a whipped cream would. Often

a clear liquid oozes from the mass. This condition is undesirable because the

consumer often assumes that inferior ingredients have been used or an excessive

amount of stabilizer has been added.

Results indicate that excessive viscosity can be largely prevented by using

higher pasteurization and homogenization temperatures (155 to 160° F.) and

homogenizing with a duo-valve machine. However, passing the ice cream mix

through both valves of a two-stage machine still permits considerable cluster-

ing of the fat globules. These clusters of fat globules materially increase vis-

cosit}'. Trials have been conducted with a reducing valve on the discharge

line of the homogenizer, carrying from 100 to 150 pounds of pressure as far as

the reducing valve. The ice cream mixture is released from further pressure as

it passes through the reducing valve. This additional treatment almost entirely

eliminates clustering of fat globules, and as a result the homogenized product

is sufficiently low in viscosity.

Improvement in the melting appearance of ice cream high in fat content is

another benefit of the procedure just discussed, for the prevention of fat globule

clustering also improves melting appearance. At present a study is being made
with different sugars in the hope of decreasing the resistance to melting. It is

hoped that the use of glucose or some other simple sugar in combination with

sucrose will prove beneficial in securing a desirable melting appearance of ice

creams high in fat content.

The Vitamin C Content of Strawberries and Strawberry Ice Cream. (C. R.

Fellers, Horticultural Manufactures, and M. J. Mack.) This study was planned

to determine whether or not preservation of strawberries by freezing or their

subsequent use in strawberry ice cream decreased the vitamin C content of the

fruit. Bio-assays were conducted with guinea pigs on fresh and frozen straw-

berries and strawberry ice cream. The study, which was completed during

the past year, showed that preservation of strawberries by freezing, with or with-

out sugar, has no harmful effect on the vitamin C content of the fruit. The
incorporation of strawberries into ice cream and the rigorous beating during the

freezing of the ice cream caused no measurable loss of vitamin C. This is attribut-

ed to the low temperatures at which agitation, air incorporation, and storage

of the ice cream takes place.

A Study of the Changes That Occur in the Storage of Frozen Sweet Cream.
(H. G. Lindquist.) Some progress has been made, but thus far no methods
have proved satisfactory in measuring the changes that occur in frozen cream.

The Comparative Efficiency of Electrically Operated Tanks versus Ice in the

Cooling of Milk. (J. H. Frandsen.) Where eiectricit\ was used in cooling four

cans of milk from 90° to 45° F., it was found that 1.2 KWH were required for

each 100 pounds of milk; and when ice was used, 40 pounds of ice were required

to accomplish the same results. Comparison in dollars and cents can best be

made in each locality by using the prices for electricity and ice that prevail in

the local communitv.
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A Study of the Possibilities of Milk, Cream, and Plastic Cream in ttie Devel-

opment of New Products such as Combinations with Honey, Fruits, and Flavors

of Various Kinds. (J. H. Frandsen and C. R. Foskett.) This project is well

under way. Several batches with varying percentages of honey, cream, fruits,

and nuts of various kinds have already been made and partially studied.

DEPARTMENT OF ENTOMOLOGY

A. I. Bourne in Charge

Investigation of Materials Which Promise Value in Insect Control. (A. I.

Bourne.) The early spring of 1933, like that of 1932, was characterized by fa-

vorable weather conditions for dormant and delayed dormant spraying and very

little interruption of spraying operations resulted. The delayed dormant appli-

cation of oils was made on April 20 and 21. Strong winds, which promoted rapid

drying, prevailed during both days. Due to the protected position of the ex-

perimental blocks, there was no interference with the application. Following

the application was a week of uniformly cold weather, with temperatures not

low enough to cause any breakdown of the oil sprays but sufficient to retard the

rate of bud development so that ample time was allowed for the application

of oils.

The inveatigation narrowed down to a study of comparatively few samples

which appear to be outstanding in their class and show promise of effectiveness

worth\- of recommendation. Oil emulsions of the General Chemical Company,

of the Niagara Sprayer and Chemical Company (Peninsula Oil Emulsion), and

of the California Spray Chemical Company were included in the tests. The

new type of "pourable" Kleenup proved to be fully as effective as the older type

and much more convenient to handle.

In the face of a comparatively light infestation, all of the oils tested showed

excellent control, even at moderate dilutions. This emphasizes the fact that

against a moderate infestation of red mite thoroughness of application is of even

greater importance than the particular brand of oil used, and that moderate

dosage is sufficient under these circumstances for satisfactory control.

Preliminary tests were made with the Vapo-Duster, a new development in the

use of oil sprays. By this process refined oils, either alone or combined with

highlv concentrated insecticide or fungicide materials, are diluted with air to

form a fog which rapidly envelops plants or trees and covers any pests present

with a uniform film of the active material. In such an application oils are used

undiluted with water, and the spray material is atomized and driven upon the

plants and pests at considerable pressure. This method eliminates the necessity

of hauling large quantities of water and the loss of time for frequent refilling.

The fixed type of discharge on the present machine will require modification

for adaptation to average orchard conditions. The new method, however,

reduces the time of application very materially, and on those trees where thorough

coverage was secured, a very high percentage of overwintering eggs of red mite

was killed. The effectiveness was equivalent to (hat of the conventional oil

sprays.

In tests against the Mexican bean beetle, Dutox, a commercial fluosilicate

compound, was applied as a dust and used at dilutions of 1 part to 2 and 1 to 3 of

hydrated lime. No injury to bean foliage resulted from either application.

From the results of previous tests no injury would be expected from this material

at these dilutions except under conditions of very high temperature and humidity.
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The effectiveness of this material compared very favorably with that of mag-

nesium arsenate, the standard treatment; furthermore, reinfestation was very

slow following the application of Dutox. Manganar, a manganese arsenate,

diluted with hydrated lime at the rate of 1 part to 4 and applied as a dust, caused

very severe burn. Nicotine sulfate (1-800) and Red Arrow, a pyrethrum com-

pound, (1-400) proved effective as contact sprays. They reduced the numbers

of bean beetle larvae but reinfestation was rapid, and consequently with such

sprays frequent applications are necessary. Tests with pyrethrum dust and a

rotenone dust showed these materials to have an excellent initial effect upon

bean beetle larvae but neither of them appeared to have the residual effect of the

fluosilicate compound mentioned above nor did they furnish protection over as

long a period as the standard treatment with magnesium arsenate.

In most of the plantings of gladiolus, where the corms had been given the dor-

mant treatment with either hydrocyanic acid gas or naphthalene, the gladiolus

thrips did not develop to serious numbers until comparatively late in the season;

and in many fields well isolated from other plantings, thrips were relatively

scarce throughout the season and caused practically no damage—another dem-

onstration of the effectiveness of these dormant treatments. Collections during

this season showed that undoubtedly more than one species of thrips attack

gladiolus. This explains why, in some fields where the corms were treated during

the dormant period and consequently were free from thrips when planted, a

serious infestation developed during the early season. This strengthens the rec-

ommendation that all crop remnants, chaff, etc., be destroyed after the bulbs

are pulled in the fall and that, so far as possible, weeds and grass on the margin

of plantings be burned over to kill thrips hibernating there. Of the spray mate-

rials and combinations tested, the Paris green-molasses spray showed to best

advantage based on the appearance of the florets as well as on the effect upon

thrips. A pyrethrum dust also gave good results. Derrisol (1-600), p\Tethrum

spray (1-600), and a combination of nicotine sulfate (1-800) and Penetrol (J^ of 1

per cent) proved to be about equal in value but were slightly less effective than

the Paris green-molasses spray. Dusting sulfur proved to be unsatisfactory.

The studies of various substitutes for lime-sulfur, carried on in cooperation

with the Pomology Department, were confined chiefly to those materials which

had proved outstanding in previous tests, with the addition of two new materials

recently developed which appeared to be especially promising. All of these

were used in combination with lead arsenate, and the complete schedule of seven

sprays was followed. The efficiency of each material was measured in com-

parison with the standard lead arsenate and lime-sulfur combination.

The wettable sulfurs were applied in the sprays after the special curculio fol-

lowing the use of lime-sulfur as a fungicide up to and including the calyx. In

all cases the special curculio application comprised lead arsenate and fish oil

without any fungicide.

Further studies were made on the effectiveness of Kolofog and of flotation

sulfur when used throughout the season as compared with the results secured

when these materials were used following lime-sulfur in the pre-blossom sprays.

A combination of magnetic sulfur and lime-sulfur with lead arsenate was also

applied in a complete schedule. It was hoped such a combination would give

effective control against scab, avoid the burning that usually follows lime-sulfur

in summer applications, and at the same time provide a spray more economical

than the commercial brands of wettable sulfurs.

The lime-sulfur-lead arsenate combination again caused more or less burn
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to foliage. Little russeting of fruit was noted, however. None of the other

combinations caused foliage injur\-.

The value of these materials in controlling disease and insect pests is shown
in the following table, based on examination of the Mcintosh crop at harvest.

Percentage Percentage of Fruit Showing
Treatment of Clean Injury From:

Fruit
Curculio Codling Moth Scab

Lime-sulfur 82.7 9.0 4.5 .4

Lime-sulfur 1

Lime ..../ 90-6 -5 1-6 6.7

Sulcoloid (entire season) 50.2 .9 2.0 47.0

Sulcoloid (after lime-sulfur) 55.9 .6 6 41.3

Apple Dritomic (entire season) 49.

2

.6 T 47.4

Apple Dritomic (after lime-sulfur) 87.7 1.1 .6 8.5

Magnetic Spra^"
T • ,r

f>
94.1 T 19 1.5

Lmie-sulfur I

Kolofog (entire season) 84.

1

— T 14.8

Kolofog (after lime-sulfur) 89.1 .4 1.0 8.0

Flotation sulfur (entire season) 98.1 .3 .3 .9

Flotation sulfur (after lime-sulfur) 96.3 .4 1.4 .8

Check 1.1 49.6 13.9 92.4

The addition of hydrated lime to the standard lead arsenate-lime-sulfur com-

bination gave a greater percentage of clean fruit and less insect damage than when
this material was omitted. It did not hold scab as well as did the combination

without lime.

Sulcoloid and Apple Dritomic combined with lead arsenate proved rather

disappointing in control of scab. The control of insects by these combinations

was excellent and but for the large amount of scab present both of these materials

would have allowed over 90 per cent of clean fruit. In fairness to these materials

and their manufacturers, it should be stated that during the application of the

pink spraj' a heavy rain interrupted the spraying, and these two materials had

to be applied the day following the rain. This rain marked one of the first

periods of scab infection and the delay of one day in applying these spra\"s allowed

infection to take place. The materials merit further tests.

The combination of magnetic sulfur—lime-sulfur—lead arsenate gave ex-

cellent control of both insects and scab and allowed 94 per cent of clean fruit.

Kolofog again showed to better advantage when it followed lime-sulfur in pre-

blossom sprays. Flotation sulfur gave excellent results, with a slight advantage

in favor of the use of lime-sulfur in the sprays before the calyx.

Even a casual glance at the record of the fruit from the unsprayed checks

should answer the question, "Does spraying pay?"

Control of Onion Thrips. (A. I. Bourne.) Onion thrips were more abundant

in 1933 and the infestation more uniform than for several years. Observations

throughout the Connecticut Valley during the growing season revealed heavy

infestations of fields of seed onions well isolated from sets, a condition that

differed greatly from experience in previous seasons.
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Weather conditions during June and July proved to be unusually favorable

for the rapid multiplication of thrips. Weather during June was considerably

warmer than normal, with very high temperatures on several days. With the

exception of two heavy storms, the precipitation of the month was comparatively

insignificant. July with its hot weather and accompanying drought was even

more favorable for the development of thrips. This and the early maturing and

harvesting of sets resulted in an unusually heavy infestation on seed onions.

Although the peak of abundance occurred at the usual time (the last week of

July and first of August), the rise to this point was more gradual and began much
earlier than normal. Consequently seed onions particularly were subject to

an unusually heavy infestation over a long period and the damage was correspond-

ingly heavy.

While the sprays applied for thrips control gave as high a percentage of kill

as formerly, migration from surrounding fields was so constant that heavy rein-

festation took place very rapidly, demonstrating that in any similar season at

least one and probably two extra applications would be necessary to give protec-

tion over the unusually long period of danger.

Several insecticides and combinations were tested and their effectiveness

compared with the standard nicotine sulfate-soap combination. The best

control was obtained from the nicotine sulfate-fish-oil soap spray. Lethane

and Penetrol proved to be a close second in effectiveness. Its cost is, however,

somewhat prohibitive.

The plots treated with naphthalene flakes showed comparativ^ely slight damage
from thrips, and this treatment appears to be very promising. The combined

spray of Paris green and molasses, so successful in the control of gladiolus thrips,

caused considerable injury to onion foliage after each application. The material

DAO, a dry powder, broadcasted along the rows checked the thrips but its cost

is prohibitive for use in large acreages. The pyrethrum dust was shipped so

late that only one application could be made. The results were so promising

it is worthy of further study.

The fungous disease of thrips which was so generally distributed throughout

the Valley during 1932 and caused a rapid decrease in the numbers of thrips

was present this season, but was much less abundant and was later in appearing.

Its appearance coincided with the normal drop in thrips abundance which occurs

early in August, so that it was of much less benefit than in 1932. It was, however,

present over practically the same area as in the preceding year, and leads to the

hope that it might survive an unfavorable season and build up a heavy infection

in a year when conditions were more favorable.

The Spray Residue Problem. (A. I. Bourne.) The recent activity of govern-

mental agencies and the establishment of limits of tolerance for lead and for

fluorine compounds upon harvested fruit and vegetables, in addition to those

already fixed for arsenic, have combined to reemphasize this problem and nec-

essitate additional investigation.

The limit of tolerance first proposed for lead was so low that further study o'

arsenical residue became necessary, and no tolerance on fluorine residue was

recognized. These regulations were subsequently so modified for the 1933 season

that drastic changes in the spray schedule were not necessary, and a limit of

tolerance for fluorine residue, equal to that for arsenic, was established.

The strict limits first proposed for lead residue necessitated a study of possible

substitutes for lead arsenate. Tests were made of seven different brands of

calcium arsenate, a manganese arsenate, and a zinc arsenate. All of these caused
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serious burning of foliage. Similar tests in commercial orchards in manj' cases

resulted in even more serious damage than that in the college orchards. Burn

was first noted following the extremely hot weather in late June, and in many
subsequent instances was associated with similar periods of high temperature,

particularly when accompanied with a high relative humidity. Lead arsenate

in parallel tests and under the same conditions caused slight foliage burn but in no

case was the injury comparable to that following calcium, manganese, or zinc

arsenate.

Weather conditions during late summer and early fall, particularly during the

period from the last spray or dust application until the harvesting of the fruit,

w"ere favorable from the standpoint of the residue problem. The total rainfall

during August was nearly two inches over the normal and the outstanding feature

of the weather during September was the unusually large rainfall of over twelve

inches, a great part of which occurred just before the harvesting of Mcintosh.

From the residue standpoint the danger to the main varieties, Mcintosh and

Baldwin, was practically eliminated, and growers who dusted in the late season

applications experienced no difficulty.

In cooperation with the State office of the Food and Drug Administration,

samples of Mcintosh and Baldwin were collected and forwarded for analyses for

both lead and arsenic to determine how far the present spray schedule could

be safely followed and what changes would be necessary. The results of these

analyses have not been received. The excessive rainfall during August and

September would so reduce the amount of residue at harvest that it is doubtful

whether these figures would be applicable to a season of more normal precipitation.

Under present conditions, if a grower hopes to avoid the danger of lead or

arsenical residue without the necessity of washing his fruit, it is recommended

that lead arsenate in an amount exceeding 3 pounds to 100 gallons should not be

applied within 8 weeks of harvest and that no arsenical spray be applied within

6 weeks of harvest. Growers who depend upon dusting, however, may safely

employ at least a 90-10 sulfur-lead arsenate dust as late as 4 weeks before

harvest.

Systematic Study of Oil Sprays. (A. I. Bourne in cooperation with the Depart-

ment of Chemistry.) Three samples of miscible oil, prepared under identical

conditions and with the same emulsifying agents, were used in the tests this

season. The basic oils were paraffin base lubricating oils of approximately the

same viscosity. The specific gravity of the samples was respectively 0.86, 0.89

and 0.91, and the samples varied from 75 to 86 per cent in their degree of unsul-

phonated residue. These were applied in a block of plums while the trees were

in delayed dormant stage of bud development, to test their effectiveness against

overwintering eggs of European red mite. They were used at 2 and 3 per cent

strengths of the basic oils.

When mixed with water in preparation for the spray, the samples of higher

specific gravity went into solution very readily. The sample of 0.86 specific

gravity was emulsified with considerable difficult^' and required constant and

vigorous agitation. None of the samples when once in solution showed any

evidence of breakdown or separation of free oil. There was no indication of

burn or retarding of bud development following the application of any of these

oils, at either dilution.

All of the samples gave 98 to 99 per cent control of European red mite. There

was no significant difference in effectiveness in any case; but the light infestation

of red mite in the college orchards made any fine distinctions in effectiveness

impossible.
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Apple Maggot Control. (A. I. Bourne.) A combination of fav^orable weather

conditions, especially during the period of emergence of the flies, which allowed

the insect to follow closely its normal course of seasonal development and more

accurate timing of the sprays for its control, enabled growers to hold the pest in

check very satisfactorily. At the same time there was sufficient evidence from

unsprayed blocks to show that this control was not due to any scarcity of the

insect over the State as a whole.

In the 9 orchards where control demonstrations have been conducted and

in which the complete control program was continued, only 9 apples out of a

total of 7,688 examined were found to be infested, an average of 0.12 per cent

infestation; in 5 of the orchards no evidence of maggot injury was discovered;

and in only one block did the fruit score less than 90 per cent clean. One grower,

whose fruit scored less than 3 per cent clean in 1929, the year preceding the

demonstration, largely because of failure to control apple maggot, secured in

1933 a crop scoring 93 per cent clean fruit with no evidence of maggot injury.

The work was extended from a demonstration in individual orchards to an

attempt at a community program in so-called maggot control areas where several

growers, whose blocks were located in a well-defined area more or less isolated

from outside orchards, were united in a campaign to control maggot in that

area. The success of such a plan depends upon the thorough cooperation of all

the growers. Results showed that successful maggot control was in direct

proportion to the extent to which each grower carried out his assignment.

In one area comprising approximately 15,000 trees in commercial blocks, apple

maggot damage of from 5 to 10 per cent on Baldwins was recorded when a com-

plete spray program was supplemented by the removal of wild, pasture, or road-

side trees in the vicinity of the commercial orchards. Where the environmental

factors were ignored, and neglected trees were allowed to remain standing, from

60 to 100 per cent of the fruit was found to be infested by maggot, and in nearby

commercial blocks the fruit showed from 20 to 50 per cent infestation. Many
hawthorn trees were found in this area and much of the fruit was found to contain

maggots.

In a somewhat smaller area where, by the united efforts of the group of growers,

all neglected trees were removed and an adequate spray program was carried

out in all the commercial blocks, the infestation on Baldwins ranged from to

7 per cent, with an average infestation of 1.8 per cent. In all but one case maggot

damage was less than 2 per cent and in every case maggot injur}' was much less

than that of the previous year.

Studies on the dispersal of apple maggot flies, supplementing those of Phipps

and Dirks in Maine, led to recovery of flies at a distance of from 600 to 700 yards

from the point of liberation. The maximum range in previous records of re-

covery was approximately 300 yards. This indicates that under favorable condi-

tions these insects may fly for longer distances than previously supposed, which

may account for severe outbreaks which have hitherto been baffling to explain.

Introduction of Parasites of Oriental Fruit Moth. (A. I. Bourne.) The

introduction of parasites of the Oriental fruit moth was extended to practically

every section of the State where peaches are grown on a commercial scale and

where the infestation of Oriental fruit moth was severe enough to promise success-

ful establishment of the parasites.

Approximately 60 colonies comprising 15,000 specimens of Macrocentrus

ancylivorus were liberated in 8 counties of the State. In addition, liberations

were made of several colonies of newly introduced parasites, some of which
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appear more promising than any of the native species. The work was carried

on in cooperation with the U. S. Bureau of Entcmolog}- and the liberations were

made under the direction of the ^'arious county agents.

Twig collections previous to liberation indicated that the parasites were not

present naturally in these counties. Similar collections made in late summer
from the orchards where colonies of Macrocentriis were liberated showed that

in every case the parasites had beccme well established. Further studies will be

necessary to determine whether the insect can successfully winter over in all

sections of the State. Recovery records from orchards in Hampden County,

where liberations had been made in previous \ears, showed from 43 to 88 per cent

of parasitism.

Plum Curculio. (W. D. Whitcomb, Waltham.) Continuing previous ex-

periments to determine the effect of temperature on the activity of the plum
curculio, 140 pairs of adult curculios were divided into 4 groups of 35 each.

The groups were confined for periods of 10 and 20 days at 55°, 65°, 75°, and 85° P.,

after which they were transferred to the other temperatures in the series for a

similar length of time. Daily records were kept of the activitv of the beetles, as

indicated by the number of feeding punctures per beetle and the number of eggs

laid by each female. These experiments clearh- verified the results of previous

work which had shown a consistent increase in both feeding and oviposition with

each increase in temperature.

In general the average activity of the beetles when placed in a certain tempera-

ture at any time regardless of the previous environment was consistent with the

average activity during a continued exposure to that temperature. An exposure

to a higher temperature increased activity, and to a lower temperature decreased

activity with one exception. This exception was recorded when a 20-day ex-

posure at 85° F. shewed slightly less activity than a prev'ous 10-day exposure

at 75°. Other observations as well as this exception indicated that there is a

tendency toward decreased activity at temperatures above 75°.

The average number of feeding punctures per beetle per day during 10 da\s

at 65° F. was 3.02, while this activity during a similar exposure after a 20-day

confinement at 55° was 3.54, indicating that a low temperature not onl\- retards

activity but also produces a supply of stored energy which results in a slight

supernormal activity when the temperature is increased. It also appeared that a

similar reaction in the opposite direction took place, when it was observed that

the average number of punctures at 55°, 65°, or 75° was less after a previous

exposure of 10 or 20 da\s at 85° than at a constant exposure to those temperatures.

Oviposition records were similar but showed more variation.

Laboratory tests of several stomach poisons which might be more desirable

to use than lead arsenate for combating the adult plum curculio indicated that

both calcium arsenate and manganese arsenate were slightly more toxic than

lead arsenate, and that barium fluosilicate and sodium aluminum fluoride were

only slightly less effective and promising. Nicotine tannate, a sulfur—carbon

disulfide emulsion, and a zinc sulfate—lime—derris mixture were failures in

this test.

Biology and Control of the Apple Leaf-Curling Midge. (\\ . I). Whitccmb,

Waltham.) The apple leaf-curling midge, tentatively determined as Dasynetira

niali Kieffer, which has apparently been introduced from F^urope. is now estab-

lished in northeastern Massachusetts and southeastern New Hampshire. It

was first observed in this counlr\- in 1928 but previous to 1933 was not known to

be present outside of the town of Ipswich. Recent reports, however, indicate
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that this midge has been observed but not identified at other points in the in-

fested area during the last five Aears. The known infested area now covers

about 1,0C0 square miles extending from Melrose, Massachusetts, westerly to

Westford, Massachusetts, and northerly to Durham and Rye, New Hampshire.

Several of the largest commercial orchards in eastern New England are now
infested.

Injury is identified by the presence of tightly rolled leaves on the tips of branches

and on water sprouts. The leaves are rolled from the underside upward toward

the midvein and parallel to it. In heavily infested specimens the entire leaf forms

two tight rolls. All varieties of apples grown in the orchards under observation

were infested, but Baldwin, Delicious, and Mcintosh appeared most susceptib'e,

while Wealthy was almost immune. The growth of nursery trees and grafts

is noticeably delayed and stunted by the activity of this midge, but on bearing

trees the size, color, and abundance of fruit were not conspicuousK- affected

(luring the present season.

There appear to be four generations annually, the first midges emerging about

June 1, and requiring approximately 5 weeks to complete their life c>cle. The
abundance of the third and fourth generations depends on the number of water

sprouts available. The eggs, which are laid on the unfolding leaves of terminal

growth or water sprouts, hatch in 3 to 5 days, and the tin}- \yhite maggots feed

for about 20 days within the tightly rolled leaves. When mature, the maggots
are bright orange in color and usually fall to the ground where they spin a small

white cocoon just beneath the surface of the soil. Pupation requires 13 to

18 days.

On water sprouts the majority of the infested leaves turn black and fall after

the maggots have left them, but on terminal shoots many of the rolled leaves

remain throughout the season.

Two natural enemies, a predatory bug and a parasitic hymenopteron, were

reared from leaves infested by the midge, and promise to aid in controlling

this pest.

Biology and Control of the Carrot Rust Fly. (W. D. Whitcomb, Waltham.)
As in the two previous seasons, field infestation by the first generation of the

carrot rust fly was negligible, and untreated carrots as well as those receiving

insecticide applications were practically free from injury. The only infested

carrots were found where the plants were watered daily during the oviposition

period by overhead irrigation, and only 3 per cent of these were infested.

Injury by the second generation reached 26 per cent in the untreated plot and
was greatest in the plot receiving overhead irrigation, where 32 per cent were
infested. This further demonstrates the previously reported theory that cool,

damp soil is favorable to this pest.

Of the dust treatments, which were applied July 31, August 7 and 14, and
September 5 and 12, naphthalene was most efficient, with 98 per cent clean car-

rots. Soot and two dusts containing derris gave 90 -|- per cent control, and to-

bacco and two dusts containing mercury gave 80+ per cent control. Kainit was
quite effective, but killed many seedling carrots and caused a poor yield. The
treatment of seed with calomel or corrosive sublimate combined with gvpsuni

in varying quantities reduced injury 10 to 15 per cent, but the results were not

consistent with the amount of mercury used. Seed treated with pure calomel

yielded 92 per cent clean carrots.

Adaptability of Cryptolaemus to Control of Mealybugs in the Greenhouse.
(W. D. Whitcomb, Waltham.) The Australian Mealybug Destroyer, Crypto-
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laemiis montrouzieri Muls., can be secured from California at a very reasonable

cost. The adult beetles are shipped by air mail and several shipments have
been received in Massachusetts in good condition except during extremely un-

favorable weather in winter. Both adult and larval stages of this ladybug feed

on the greenhouse mealybug.

In the greenhouses at the Waltham Field Station extremely heavy infestations

of mealybugs on gardenias have twice been satisfactorily controlled by liberating

Cryptolaemus beetles at the rate of about 1 beetle per plant. When the beetles

were liberated in January, the mealybugs were under control about 60 days

later. \\'hen the beetles were liberated in August, perfect control of a most severe

infestation was accomplished in 30 days.

Preliminary studies of the relation of temperature to the development of

Cryptolaemus indicate that temperatures of 70° or above are desirable for efficient

activity. It required four times as long for eggs to hatch and pupation to be

completed at 60° F. as at 80°, indicating that these beetles will not thrive at low

temperatures. Isolated pairs lived four months at average greenhouse winter

temperatures and laid eggs intermittently throughout their whole life. The
maximum number of eggs laid by one paired female was 107. The estimated

increase from one generation in the greenhouse was 600 per cent.

Naphthalene and Similar Materials as Greenhouse Fumigants. (W. D.

Whitcomb, Waltham.) Experimental fumigations of chr\santhemum3 with

naphthalene have continued to indicate that this crop cannot safely withstand

this treatment. Injury is usually shown b\- blindness or deformed bud develop-

ment, and a varietal susceptibility is apparent. Major Bonnafon, Friendly

Rival, and Halliday are among the varieties most susceptible to naphthalene

blindness.

It was also demonstrated that the fumes discharged during the first two hours

of a fum.igation are largely adsorbed by the plants, soil, and equipment, so that

the effect on red spider is negligible until after an exposure of three hours or

longer.

Experiments with two commercial liquid fumigants in which the toxic benzene-

ring products are dissolved in a non-injurious solvent have shown them to be

effective for controlling red spider. Unlike crystal naphthalene, these fumigants

do not become injurious at the minimum temperature for growing greenhouse

plants, although their efificiency is decreased below 60" F". Most varieties of

plants which tolerate naphthalene fumes will tolerate these materials, but cucum-

bers have been severely injured in all experiments.

Control of Red Spider on Greenhouse Crops. (W. D. \\ hitcomb, Waltham.)

Preliminary studies on the relation of temperature to the effectiveness of some

common commercial preparations used for combating red spider in the greenhouse

indicate that this factor exerts an important influence.

On potted carnation plants an alcoholic extract of pyrethrum and soap gave

34 per cent greater kill of red spider at 60° F. than at 80°, and a 24 per cent

greater kill when additional soap was added. Another pyrethrum extract with

additional soap was 23 per cent more effective at 60° F. than at 80°. On the

other hand, a selenium preparation was 49 per cent more effective at 80° F. than

at 60°, while the effectiveness of a sulfur-carbon disulfide emulsion wis not

influenced by temperature.



ANNUAL REPORT, 1933 37

DEPARTMENT OF FARM MANAGEMENT

R. L. Mighell in Charge

Enterprise Relationships and Farm Organization on Selected Dairy Farms

in Massachusetts. (R. L. Mighell.) This study is concerned with the economics

of the combinations of farm enterprises and of cost factors within each enter-

prise. Research along the latter line has taken the form of replanning labor

routine and equipment for the most economical and efficient performance of

regular daily tasks on dairy farms. In cooperation with W. C. Harrington, of the

Agricultural Engineering Department, typical barn plans for 10-, 20-, and 30-cow

capacities are being studied from the standpoint of efficient utilization of labor.

As a preliminary,- step in this study an imaginary man is conceived of as doing

imaginary chores, in a number of imaginary' barns. Each imaginary barn is

represented by a blueprint and as the chores are performed on paper, distances

are measured, time is estimated, and other considerations of convenience are

studied. As a final step, the most hopeful arrangements are checked in actual

barns under real conditions. A number of interesting tentative conclusions

have already been reached. For example, facing cows out proved to be usually

more economical in terms of time and distance than facing cows in, contrary

to a widely prevalent belief.

Another part of this project which is now being emphasized is a study of the

economics of pasture improvement. This problem is one of finding the most

profitable combination of enterprises and of cost factors such as fertilizer and

labor. The study is being developed by using the budget method with t\'pical

cases representing conditions under which pasture improvement should or should

not be recommended. An attempt is being made to develop a workable plan or

method of approach which the individual dairyman can use in solving the problem

for his own case.

Labor Saving Methods and Technique on Vegetable Farms. (R. L. Mighell

and R. H. Barrett.) This stud>- represents one of the first attempts in the

United States to apply the so-called "Taylor System" of scientific management
and time and motion study to agriculture. During 1933 a careful, intensive

study has been made of labor-saving technique and equipment for asparagus,

one of the important vegetable crops in Massachusetts. Supervised records,

motion pictures, and close study and observation of typical farm set-ups, and of

suggested changes have yielded significant results. In one important asparagus

area a complete change in the type of asparagus bunching equipment and tech-

nique has been recommended as a result of the study. This change is now being

adopted by growers in this area, with considerable saving in time and effort

devoted to the task of bunching.

Economical Use of Labor in Silage Production on Dairy Farms. (R. L. Mighell

and R. H. Barrett.) Continuing an intensive study of various types of wagons

used in filling silo, initiated in 1932, motion pictures and time records were taken

in September and October 1933. The time and motion records show clearly that

the low down wagon saves an immense amount of human time and effort on such

tasks as silo filling. The underslung type of low down wagon is apparently the

simplest and easiest to make, and can be easily constructed by an^' farmer.

Dump carts and other high wagons still in use by many New England farmers

are very wasteful of time and energy both in loading and unloading.

Tests and observations on a few farms indicate that a mowing machine with a

5-foot cutter bar may prove very satisfactory for cutting silage corn in the field.
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Nearly every dairy farmer has a mowing machine anyway, and in cases where
the silage corn acreage is not sufficient to justify the purchase of a binder, the

mower may prove to be the most economical method of harvesting.

FEED CONTROL SERVICE

Philip H. Smith in Charge

The Feed Control Service comprises not only feed inspection, but several other

activities, as listed below:

Feed Control (General Laws, 1920, Chapter 94)

Seed Control (General Laws, 1927, Chapter 94)

Dairy Law (General Laws, 1920, Chapter 94)

Advanced Registry Testing

Miscellaneous Work

Feed Control. (P. H. Smith, A. F. Spelman, J. W. Kuzmeski, F. A. McLaugh-
lin, J. T. Howard.) During the fiscal jear, 1,649 samples of feeding stuffs were

officially collected and examined in the control laboratories. The results show
that at least 97.7 per cent of the samples collected varied less than 1 per cent

from stated guarantees in protein, fat and fiber content. The gross receipts

from the registration of feeding stuffs in 1933 (calendar year) were $20,860,

derived from 1,043 brands at $20 each.

Seed Control. (P. H. Smith, F. A. McLaughlin, Margaret E. Nagle.) From
October 1, 1932, to October 1, 1933, the Seed Testing Laboratory analyzed 1188

seed samples, 507 of which were collected by the State Department of Agriculture,

180 submitted by dealers and farmers and 191 by the Rhode Island Department

of Agriculture, 266 purchased from wholesalers for special tests, and the re-

maining 44 accounted for by germination tests of ingredients of grass seed mixtures.

Purity analysis onh'

Laboratory germinations.

Field germination

Purity and germination . .

Massachusetts
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Dairy Law. (P. H. Smith, J. T. Howard, H. L. Allen.) During the year end-

ing December 1, 1933, 6,334 pieces of Babcock glassware were tested. Con-

demned glassware consisted of three milk-test bottles and one pipette. One
hundred and five certificates of proficiency were awarded.

One hundred and ninety-four creameries, milk depots and milk inspectors'

laboratories were visited in order to check methods and pass upon equipment

in use. As a result of this inspection, three machines were condemned, and

repairs were ordered on seventeen. Seven plants were re-inspected to approve,

repairs. Special investigations were made at nine plants.

Advanced Registry Testing. (P. H. Smith.) Advanced registry testing has

been supervised by this department since its beginning in 1902. There are now
on yearly test 328 cows located on 51 different farms. This does not include

the herd tests where all animals in each herd are placed on test. Of these there

are twenty-one, seven of which are supervised by men sent out from this office

and fourteen b\' cow-test association supervisors.

Miscellaneous Work. (P. H. Smith, A. F. Spelman, J. W. Kuzmeski.) Numer-
ous anahses have been made for residents of the State and other departments

of the college.

Summary of Miscellaneous Work, 1933

Materials sent in:

Milk and cream, butterfat onh' 182

Milk, solids and fat 3

Ice cream 7

Feeds, from farmers and dealers 80

Feeds, from State Institutions 121

For other departments of Experiment Station and College

Milk, for butterfat 309

Dry matter, forage crops 2,235

Complete fodder analyses 84

Dr\ matter and nitrogen 94

FERTILIZER CONTROL SERVICE

H. D. Haskins in Charge

Fertilizer Inspection. (H. D. Haskins, H. R. DeRose, A. F. Spelman, J. W.
Kuzmeski.) Records for the )ear show that 144 firms have registered for sale

in the State of ^Massachusetts 495 brands of mixed fertilizer and fertilizing mate-

rials and 40 brands of agricultural lime and gypsum. , The following summary-

shows the character of these substances, as well as statistics with reference to

their inspection.
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During ten weeks following April 1, four experienced men employed to draw
samples for inspection purposes sampled 19, LS? sacks or containers, representing

7,751 tons of material; 875 agents were visited.

Mi.\ed fertilizers

Ground bone, tankage and

fish

Nitrogen products, organic

and mineral

Phosphoric acid products. .

Potash products

Dried pulverized natural

manures

Nitrate of potash

Miscellaneous

Lime products

Totals 540 .514 1.759 751 7,183

*Not counting check tests or repeats, which amount to more than 1,000.

During the period JuK 1, 1932, to JuK 1, 1933, the tonnage of fertilizer and
plant food sold in Massachusetts was as follows:

Brands
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Agricultural lime products. ... 9 Manures, pulverized 3

Ashes, cotton hull and inciner- Manufacturers' by-products 1

1

ator 4 Miscellaneous 3

Complete fertilizers 32 Peat products 14

Fertilizer chemicals and un- Stomach contents for min-

mixed materials 14 eral poisons 3

Insecticides and fungicides. ... 4 Soils 52

As in the past, contact and cooperation have been maintained with the Asso-

ciation of Official Agricultural Chemists of North America.

DEPARTMENT OF FLORICULTURE

Clark L. Thayer in Charge

Breeding Snapdragons for Varietal Improvement and Disease Resistance.

(Harold E. White, Waltham.) The stud>- of rust resistance in snapdragons has

progressed to the F3 generation. Succeeding generations have resulted in re-

duction in hybrid vigor due to continued inbreeding. This has been manifested

by a decrease in size of individual flowers and height of plants. Resistance to

rust in the different strains in the F3 generation has varied from 75 to 90 per

cent, and in one strain to 100 per cent. In most strains yellow and white colors

have bred 100 per cent pure in the F3 generation. Resistant plants from the F^

generation ha\"e maintained their resistance, even under field conditions, for

three years.

Resistance in all cases observed appears to be complete, with practically no

partial resistance. It would appear from data collected that resistance may
be linked to some factor since there is a tendency for resistance and white color to .

stay together a greater number of times than resistance with yellow. Further

study will be necessary to prove definitely any color linkage for resistance. A
brief paper on this work was presented at the meetings of the American Society

for Horticultural Science in 1933.

Study of the Effect of Plant Nutrients on Carnations Under Glass. (Harold

E. White, Waltham.) When calurea, Cal-Nitro, ammonium sulfate, urea,

calcium nitrate, and sodium nitrate were used as nitrogen sources, using a 4-12-4

as a basic fertilizer, the calurea and Cal-Nitro plots ranked first in production

over the other materials. This rating has been observed for two years on ex-

perimental plots. Such results under experimental conditions would indicate

that a combination of ammonia and nitrate nitrogen is preferable to straight

nitrate sources.

Plots receiving no phosphorus produced six less flowers per square foot, whereas

those receiving no potash produced eight less flowers per square foot. Plots

receiving all the fertilizer elements as a complete fertilizer produced only two

flowers less per square foot than plots receiving all the potash and phosphate

prior to planting. Experimentally the difference is not great, but from a com-

mercial standpoint it might be significant.

W'hen bone meal was used as a source of phosphorus in comparison with super-

phosphate, the production was lowered six flowers per square foot. Nitrophoska,

used as a partial source of phosphorus in combination with superphosphate,

resulted in no great difference.

Fertilizer studies with roses have been discontinued due to lack of greenhouse

space in which to grow this crop properly.
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also made of a control group of children of the same grades in a school in a neigh-

boring village. The control group was fed this year. As in the project above,

insofar as the analysis has been completed, the data seem to indicate some im-

provement in the general well-being of the children in the experimental groups.

DEPARTMENT OF HORTICULTURAL MANUFACTURES

W. W. Chenoweth in Charge

Technological Investigations and Nutritive Value of New England Fruit

Products. (C. R. Fellers and J. A. Clague, with the assistance of G. G. Smith.)

The vitamin C content of 17 varieties of apples has been determined by the

guinea pig bio-assay method. A marked difference among varieties was noted:

Baldwin and Northern Spy had the highest vitamin C values; Spitzenburg,

Roxbury Russet, King, Gravenstein, Winesap, Rhode Island Greening, and

Wealthy were intermediate; and Delicious, King David, Tolman Sweet, and

Mcintosh were very poor in this factor. The bio-assay of other varieties is

being continued.

The spraying of apple trees with lead arsenate sprays had no effect on the

vitamin C content of Baldwin apples. Previous preliminary data reported

(Proceedings of the American Society for Horticultural Science 30 (1932): 93-97,

1933) on the distribution of vitamin C in the epidermis, flesh near the epidermis,

and flesh near the core were confirmed. There is a definite increase in vitamin C
in the outer layers of the flesh of apples.

Apple butter, boiled cider, and vinegar retained only traces of \ntamin C.

Regardless of the method of manufacture, apple sauce retained only 10 to 20

per cent of the original vitamin C content of the fruit.

The clarification of fresh cider was studied with a view to determining the

most effective and inexpensive methods. Tests were made with enzyme prep-

arations, gelatin-tannin precipitation, and filtration. Both the gelatin-tannin

and the enzyme methods followed by filtration gave clear, sparkling ciders of high

quality. Ten varieties of apples were studied for their cider making qualities,

especially with respect to sugars, acids, pectin, and tannin.

Manufacture, Preservation, and Nutritive Value of Cranberry Products.

(C. R. Fellers, J. A. Clague, and P. D. Isham.) About 10 additional varieties

have been examined during the year for suitability for strained and whole sauce

manufacture. Data have now been obtained on 60 varieties. Frozen cran-

berries were found to make good quality canned cranberry sauce, and several

canners are now utilizing this information by freezing several thousand barrels

annually for sauce manufacture during the off-season. Sauce made from such

frozen berries is superior in color and quality to canned cranberry sauce which

has been held in storage for several months.

The jelly strength tester developed by this department {Industrial and Engi-

neering Chemistry, Analytical Edition 4:106, 1932) has been successfully used

to determine the jelly strength of canned cranberry sauce. This is of importance

because sauces showing strengths of less than 100 grams break down in shipment.

A new method of preparing candied cranberries has been developed. Briefly,

the pricked fresh cranberries are placed in a 70 per cent sugar syrup in a vacuum
pan and thoroughly exhausted. This impregnates the fruit with syrup. After

drying, the fruit retains its excellent color and flavor and keeps well. Additional

research has also been conducted on cranberry juice.
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A very complete study of the vitamins of cranberries and cranberry products

has been completed and published as Bulletin 296. The cranberry is a good

source of vitamin C and contains small amounts of vitamin A.

Nutrition investigations of the effects of cranberries on urinary acidity and

blood alkali reserve of human subjects have been completed and published in

the Journal of Nutrition 6:455-463, 1933. Cranberries in the amounts normally

eaten have no significant effect on urinary acidity or blood alkali reserve. Large

doses increase the former and decrease the latter because of the presence of quinic

and benzoic acids in the cranberry.

Intensive chemical work on the separation of the acids of the cranberry has

not been entirely successful. No method has been found by which the quinic

acid may be quantitatively extracted from cranberries. A chemical study includ-

ing benzoic acid determination was made on ten leading varieties of cranberries.

The benzoic acid varied from 0.035 to 0.095 per cent. A paper on this work

has been accepted for publication by the Journal of Plant Physiology.

Utilization of Onions by Drying. (C. R. Fellers.) Cull Connecticut Valley

onions were again successfully dried and manufactured into a dry white powder

which retains to a remarkable degree the characteristic flavor of the fresh onion.

A description of this product, method of manufacture, and uses was published in

Food Industries in October 1933.

A start has been made on the study of onion pickling as a possible use of un-

marketable onions. The small onions cure better in a 15 per cent salt brine than

in weaker brines. Scarcely any lactic acid fermentation takes place in a 15

per cent brine, but the onions keep perfecth'.

Nutritive Studies on Tomato Juices. (C. R. Fellers, J. A. Clague, B. Wait,

and M. J. Mack.) Commercial canned or bottled tomato juices varied widely

in their vitamin C content, some being only one third as valuable as others.

These juices were utilized by the Home Economics Department in their research

on the supplementary feeding of school children.

In general, homogenization of tomato juices had an adverse effect on their

vitamin C content. However, the appearance was greatly improved because

homogenized juices were very stable and the solids did not settle out.

Blueberry Investigations. (C. R. Fellers and P. D. Isham.) Blueberries

were found to be good sources of vitamin C and to contain small quantities of

vitamin A as well. Freezing did not injure the vitamins of the fruit. The

canning tests were inconclusive in that some samples showed considerable vitamin

C retention, while others did not. The results are published in the Journal of

Agricultural Research A1 -Adi-XdS, August 1933.

Feeding tests on human subjects showed that the ingestion of large amounts

of blueberries had no effect on urinary acidity or blood alkali reserve. Likewise,

they yielded no benzoic acid upon analysis.

Red Squill Research. (Robt. E. Buck and E. M. Mills.) This study is

financed by the U. S. Biological Survey and has for its purpose the perfecting of

red squill rat baits. Activ-e laboratory work is under way on the preparation of

alcohol, glycerol, and other squill extracts for use in combination with fish, meat,

and cereals for rat baits.

Nutritive Value of Fish Meal. (M. M. Cleveland.) This research is financed

by the Russia Cement Company of Gloucester. Comprehensive studies have

been under way for nearly two years on the value of fish meals prepared in various
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ways. As a sole source of protein for rats, fish meal from which the glue has been

extracted is superior to unextracted fish meal. Similarly, the vacuum-dried

meals gave better weight gains with rats than flame-dried. In cooperation with

the Poultry Department, work is being conducted with both chicks and laying

hens.

Effect of Fertilization on the Vitamin A and C Content of Asparagus. (C. R.

Fellers, R. E. Young, and J. A. Clague.) Two crops of asparagus grown at the

Waltham Field Station have now been assayed for vitamins A and C. While it

is evident that fertilization has no major effect on the vitamin C content of

asparagus, the results show a slight depressing effect due to high potassium and a

moderate increase due to high nitrogen fertilization. No significant effect on

vitamin A was found.

Canned asparagus retained fully the original vitamin A content, but lost from

60 to 80 per cent of the vitamin C. On the other hand, quick-frozen asparagus

showed no vitamin losses after storage for several months. The results are now
being prepared for publication.

Oven Canning. (W. W. Chenoweth, C. R. Fellers, and Pearl Haddock.)

The use of electric and gas ovens for canning fruits, vegetables, and meats has

been extensively advocated by range manufacturers and public utility represen-

tatives. Experimental results on a variety of foods, including a careful study

of heat transfer in ovens and in jars of foods in the ovens, showed that a tempera-

ture of 212° to 213° F. is never exceeded. Oven canning is considered less likely

to prevent spoilage in canned non-acid vegetables, meats, and marine products

than the pressure-cooker or water-bath methods. Loss of liquid in the jars

and scorching at the top and sides are two undesirable factors. The work is

being continued.

Maple Products. (C. R. Fellers.) Molds may cause maple sugar to become

soft and semi-liquid. The action was traced to the liberation of invertase by the

mold mycelium. The invertase acts on the maple sugar (sucrose) and causes in-

version. Losses due to this type of spoilage are very large, and no previous

explanation was found in the literature. The degree of mold infection may be

readily determined by making a direct microscopic Howard count of the maple

sugar. This should be of great assistance to buyers of maple sugar in determining

keeping quality of sugar and its suitability for syrup manufacture.

Two seasons' work have been completed on vitamin A and C determinations

on maple sap, syrup, and sugar. Neither vitamin was present in significant

amounts.

DEPARTMENT OF OLERICULTURE

Ralph A. Van Meter in Charge

Asparagus Investigations. (Robert E. Young, Waltham.)

Fertilizers. The yields of the asparagus fertilizer plots show an average

increase of about 45 per cent over the yields of last year, with a much greater

increase at Waltham and Concord than at Eastham. The quality of asparagus

on all plots was higher than last year. In general the results obtained were about

the same as last year.

In Waltham the most outstanding result was the increase in \ield due to
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applying the fertilizer May 1 instead of June 20, the usual time. The plots

receiving just the nitrogen in May did not give this increase. Nitrate of potash

and sulfate of potash did not produce as large yields as did muriate of potash.

The kind and amount of nitrogen applied seem to have had very little effect

upon the yield, except that cottonseed meal gave a considerable increase in yield

both this year and last. The increase in yield due to increasing the amount of

potash has been in direct ratio to the amount of potash applied. The application

of a fertilizer mixture containing 18 per cent potash increased the yield, as com-
pared with the crop produced with a fertilizer containing no potash, sufficiently

to pay for the potash and allow a profit of approximately $30 per acre. The
addition of extra phosphorus also gave a significant increase in yield.

The results at Concord were about the same as at Waltham, except that sulfate

of ammonia caused a marked reduction in yield at Concord, while both cotton-

seed meal and a combination of guano and goat manure gave a great increase

in yield.

The plots at Eastham still show the effect of organic matter, in the form of a

crop of carrots turned under on half the field before the asparagus was planted.

As a result, there is quite a variation between duplicate plots with the same

treatment. The plots that have received no lime have been very materially

reduced in yield. The plot receiving seaweed and superphosphate remains one

f the high producing plots.

Varietal Improvement. Individual yield records were taken on 290 asparagus

plant selections made by my predecessor. The number of stalks varied from

1 to 27 per plant, with a mean yield of 7.5 stalks. These records will be con-

tinued to determine the high yielding plants, which will then be removed to a

seed production bed.

Effect of Fertilizers on Asparagus Plants Grown from Seed. The application

of fertilizers to the seedbed in which asparagus seed was planted did not seem to

have a harmful effect upon the asparagus plants. It was observed that there

was a slight depressing effect when one of the fertilizer elements was either left

out entirely or was present in extremely high amounts. This is the result for

one year, and the experiment is being repeated.

Depth of Planting and Height of Cutting. A study of the yield records of this

experiment shows that the plants have not yet reached their maximum produc-

tion. The increase in productivity over 1931 was as follows:

Per cent

Cut with only 4 inches green 44

Cut with 8 inches green 27.8

Cut with 12 inches green 29

The effect of the depth of planting remains about the same as last year. The
deeper the roots are planted, the greater the mortality, which ranged from 11 per

cent loss for the roots 2 inches deep to 31 per cent loss for the roots planted 8

inches deep.

Seed Improvement. (Robert E. Young, Waltham.) Samples of seed of the

best strains of Horticultural bean grown in 1932 were distributed to a few se-

lected growers this past season in order to determine the behavior of the beans

when grown on different types of soil. The reports from these growers are very

encouraging. Although selection will be continued, the seed stock now on hand
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will be planted next year so that there may be a limited amount of seed available

for 1935 plantings. It was observed that the seed stock was contaminated with

some bacterial blight. Those who planted early reported some disease, while

those who planted late, so that the plants matured in the cool fall, had no disease.

Considerable progress has been made in the improvement of the VValtham

Beauty pepper. The plants are now more uniform in height, and the shape of

the fruit is much improved. Performance on various types of soil was determined

by placing samples of seed among the local growers. In general, the reports from

these growers tend to indicate that it is better than any commercial strain avail-

able, although on several farms it has been observed that the pepper is not suited

for light, high land where water is a limiting factor. Under these conditions the

plants produced are very small and the yield small. Yield trials conducted at

the Field Station this past season indicate that the Waltham Beauty will out-

yield the California W onder by 138 bushels per acre; Harris Earliest by 293 bushels

per acre; and World Beater by 99 bushels per acre.

Strains of Blue Hubbard squash now in the third and fourth generation were

grown, and selfed specimens obtained. There is still some variation in the

strain, indicating that it is not yet pure. Difficulty was experienced in getting

some of the strains which had been selfed three or four times to set fruit, while

commercial strains growing alongside selfed easily.

Selections of the Field Station Comet tomato grown in the field last season

proved to be somewhat better than the former strain. This variety of tomato is

being grown both in the greenhouse and on trellis in the field. Selections are

being continued to free the strain of some recent outcrops of mosaic. The
Boston Market Gardeners Association has produced a considerable quantity

of seed from foundation stock supplied by the Field Station.

Past work on the Field Station Hutchinson carrot has been aimed mostly at

uniformity and proper size, very little consideration being given to color. Selec-

tions are now in the greenhouse where it is planned to cross the strain with one

having a deep orange color. The popularity of this variety is attested by the

fact that the local Market Gardeners Association has had 1500 pounds of carrot

seed grown for them from stock seed supplied by the Field Station.

Selection of the Wyman-Crosby beet is being continued to obtain greater

uniformit}', earliness, and better color. The present strain is fairly uniform and

medium early, but rather poor in color. Attempts are being made to obtain a

beet with smaller top and better internal color.

Selections were made of Bel-May lettuce that was planted in the greenhouse,

to improve the bottom of the lettuce head. Many plants are inclined to be

rather open, which shows the lettuce at a disadvantage as it is customary to

market it with the bottom of the head up. Plants are now being grown from

Selections seeded last spring. An ample supply of Bel-May seed is available

through a local farmers' organization.

Selections of Pascal celery that were seeded in the greenhouse in 1932 were

grown this year and proved to be quite an improvement over the original com-

mercial strain. Celery that is more uniform in height and has a long petiole is

the type that is desired. Selections will be continued in connection with a

celery storage project that is now under way.
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DEPARTMENT OF PLANT AND ANIMAL CHEMISTRY

Edw. B. Holland in Charge

The Effect of Fertilizer and Cultural Treatment on the Composition of Havana
Tobacco. (E. B. Holland and E. Bennett.) During the past five years numerous

samples of different grades of cured and sweat leaf from the station plots have

been analyzed and the data are being compiled for publication. The results

indicate a distinct increase in nitrogenous compounds and decrease in ash of the

web from the base of the plant upward, a noticeable effect of different amounts of

applied nitrogen, and seasonal influences difticult to explain. The trend in other

plant constituents—fat, fiber, and nitrogen-free extract compounds—in the

grades is not as apparent.

Supplementary work on popular brands of smoking tobacco and of cigarettes

has also been continued. A study of seasonal influences on the yield and per-

centage of the more remunerative grades has shown a distinct correlation for

seven years with five cropping systems, but additional seasons will be necessary

for confirmation.

Oil Sprays. (E. B. Holland.) Miscibles were prepared from special lubricat-

ing oils of three different manufacturers, with triethanolamine and oleic acid as

the emulsifying agent. These oils had a Saybolt viscosity of about 100 but

varied appreciabh' in density and percentage of unsulfonated residue. The
main objective this season was to determine whether oils of somewhat higher

content of unsaturated hydrocarbons would prove toxic to the fruit trees. The
miscibles were applied at concentrations of 2 and 3 per cent of lubricating oils

by weight and no ill effects were observed, but the infestation of European red

mite was too slight to afford much evidence on control.

The number of emulsifying agents on the market is increasing rapidly and one

commercial "base oil" mixed with three parts of spindle oil was tested in 2 and

3 per cent concentrations with satisfactory results. The use of such products

makes the preparation of a miscible a relatively simple matter for any fruit

producer.

Cooperative Investigations. (E. B. Holland.) An investigation of the causes

and prevention of injury to greenhouse cucumber plants from spraying with

various copper fungicides followed by hydrocyanic acid gas has been concluded

and prepared for publication. The work was conducted by E. F. Guba at the

Waltham Field Station.

A study of the effect of "dark center" on the composition of turnips has been

reported. The initial changes are characterized by a substantial loss of sugars

with an increase in protein, fiber, and ash. These analyses supplement the work

of G. B. Snyder and R. W. Donaldson relative to the control of the disorder. *

A large amount of analytical work was expended on ice cream stabilizers in

connection with problems of the Dairy Department.

Nitrogen Fixation in the Presence of or as a Result of the Growth of Legumes

versus Non-Legumes Under Certain Defined Agronomic Conditions. (F. W.
Morse.) The comparison of legumes with non-legumes was continued this

year with alfalfa and barley. To prevent weeds overtopping alfalfa, the field

was repeatedly harrowed up to July 20. On August 5 the field was sown with

alfalfa and barley. The latter was at its full height October 10. A severe frost

on October 25 stopped all further growth, and three da>s later the plants with

nitrogen fertilizers were prostrate while those without it remained erect.
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Synthetic nitrogen chemicals were substituted this season for the older forms

and included calcium nitrate, leunaphos, and calurea. Barley on leunaphos was
perceptibly the tallest. Alfalfa was plainly superior on the nitrogen fertilizers

in comparison with the growth without them. Both alfalfa and barlev were left

uncut and the latter will be plowed under next spring.

The investigation now becomes a comparison of methods of synthesizing at-

mospheric nitrogen: soil organisms versus factory.

Some study has been made of the relations between rainfall and crop production

during the years of this investigation. Especially marked is the difference

between millets and soybeans in the ratio of dry matter to rainfall. Japanese

barnyard millet and soybeans were both grown in 1926. The Japanese millet

was again grown in 1930. Hungarian millet and soybeans were grown in 1932.

The soybeans in 1926 reached the pod stage, but in 1932 were barely at the

flowering stage.

Rainfall used in the calculations is limited to the period in which the crops

occupied the land and may be considered as equivalent to irrigation, although

irregularly distributed. The soil is practically saturated at the end of March.
The rainfall during April and May was 4.81 inches in 1926, 4.75 inches in 1930,

and 4.00 inches in 1932.

Dry Matter per Acre and Rainfall in Inches

Year
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Ten representative soils contained an average of 75.4 per cent fine sands and

12.9 per cent silt-clay particles. The average percentages of potash were L71

in the sands and 2.08 in the silt-clay. The bulk of the soil potash is held in the

sands. In 100 pounds of soil, the sands will contain 1.27 pounds potash and the

silt-clay only .27 pound. But this average soil to the depth of six inches would

contain about 4000 pounds per acre of potash in the silt-clay particles. The
stronger loams of the State may need little potash.

Mineral Requirements for tlie Growtli of Dairy Heifers. (J. G. Archibald and

E. Bennett.) The second phase of this project involving a three-year study of

phosphorus requirements has been completed and the results prepared for pub-

lication. The principal conclusion reached is that rations ordinarily fed to

growing heifers often do not contain sufficient phosphorus for optinmm growth.

Studies in the Chemistry of Pasture Grasses. (J. G. Archibald and E. Ben-

nett.) Results of a survey of natural pastures in the five western counties of the

State have been published in Bulletin 300.

Another year's data on the chemical composition of various species of grass

have been secured. The analytical work on this season's samples is nearing com-

pletion and results for the three-year period will be ready for publication early

in 1934. A second series of plots of single species of grass has been established

this season on an entirely different type of soil and will be available for continuance

of the study next season. The object of this second series is to ascertain, if

possible, whether traits of chemical composition which have been characteristic of

certain species thus far in the in\'estigation will hold true on widely differing

soil types.

Commencing next season the first series of plots will be used for investigation

of the effect of fertilizers on the chemical composition of individual species. Thus

far the grasses on these have been grown without the aid of fertilizer other than

that residual in the soil.

DEPARTMENT OF POMOLOGY

F. C. Sears in Charge

The larger peach orchard of the Experiment Station was removed in the spring

of 1933 and only a few trees in a variety block remain. The past winter was

rather severe and fruit buds were badly killed on trees in sites subject to low

temperatures.

The apple crop was large when one considers the rather heavy crop of 1932.

This may be due to exceptionally favorable weather during and immediately

following the blooming period. Air temperatures were unusually high and fair

weather favorable to bee activity prevailed. These conditions were similar to

those of 1930 when there was a very heavy crop.

The Interrelation of Stock and Scion in Apples. (J. K. Shaw.) Control of

the main orchard was resumed b>- the Station after a year of operation by a

private grower. These trees have not been doing well and crops have been

small. Increasing the supply of nitrogen seemed to injure rather than to improve

the condition of the trees. There was an apparent improvement in growth

and appearance of the trees in two rows to which about 3 to 4 pounds per tree of

muriate of potash was applied. Analysis of the ash from shoots of the present
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summer's growth showed, in all cases, a distinctly higher potash content. These

were the same two rows which received potash in 1931 with no apparent beneficial

results. However, the potash was applied in that year to the freshly plowed

surface, while in 1933 it was applied to the unplowed surface and harrowed in.

These results suggest that in the former case the potash was fixed in the soil

before the tree roots could take it up. These observations suggest that the

leaf burn and general poor condition of the trees in this orchard may be due to

lack of potash in the soil. The matter will be further investigated.

The younger orchard on Mailing stocks continued to develop well. The yield

of Mcintosh and Wealthy on the more distinctly dwarfing stocks was small

except for those on Stock 4, the Dutch Doucin. This may be due to injury to the

root stystem from soil freezing during the winter. The root systems of these

stocks is small and the anchorage of the stocks is not strong enough to prevent

heaving. Trees on Dutch Doucin yield more than those on any other stock.

There are at least two weaknesses of this stock: it is not as hardy to cold as may
be desired, and the anchorage is not very good. The trees have thus far stood

up well but they are located where they are not exposed to severe winds. This

orchard was fertilized this year with calcium cyanamid applied about two weeks

before bud break with good results.

Efforts to increase the supply of the Mailing stocks were continued. A stock

bed of about 1300 plants was established and about 1500 rooted layers were

budded or are available for budding next spring. The supply of dwarfing stock

in this country is very limited and efforts are planned to determine which of these

dwarfing stocks are most desirable and to place them in the hands of nurserymen

and stock growers.

Tree Characters of Fruit Varieties. (J. K. Shaw and A. P. French.) Efforts

were continued to establish a nursery of cherry varieties with rather poor success.

For some reason buds fail to take well on Mahaleb or Japanese flowering cherry

stocks. This difificulty will have to be studied and overcome before variety studies

can be made. It is felt that climatic or weather conditions here are not fa-

vorable.

Some further observations made in nurseries in connection with the usual certi-

fication work of the Massachusetts Fruit Growers Association's inspections of

nurseries for trueness-to-name over a period of years show that, while the number
of misnamed trees has been reduced to a very small precentage, new mixtures

appear occasionally. These are detected at once and do not become a contin-

uing trouble as in earlier years. Fruit growers run distinctly less risk of getting

misnamed trees if they buy from nurseries that have been inspected for trueness-

to-name.

The Genetic Composition of Peaches. (J. S. Bailey and A. P. French.)

Breeding work was continued in the spring of 1933 and a good crop of pits was

obtained. About 300 seedling peaches resulting from the breeding work of 1931

were set out in two blocks. As a result of the 1932 breeding work there are 2415

trees in the nursery to be set in the orchard in the spring of 1934. From among
the seedlings resulting from the breeding work of 1928 a few of the best were

selected and propagated. There are 97 trees in the nursery propagated from 13

of these seedlings. Some of these will be set in the orchard in the spring of

1934 for trial.

The Gold Drop variety has reniform foliar glands which is supposed to be a

homozygous gland condition. Among 954 seedlings of Gold Drop, selfed, there

appeared 213 or 22.3 per cent having globose glands (the heterozygous condition)
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and very sharply serrated, wavy leaves, a character usually associated with

eglandular leaves. At present no data are available to explain this behavior.

Effect of Pruning Bearing Trees. (J. K. Shaw and O. C. Roberts.) The two
projects formerly listed as dealing with pruning bearing trees may be considered

as one. Yields are not often reduced by light pruning but they may be if pruning

is severe. The average size of fruits is often a little larger on pruned trees than

on unpruned ones. Color of certain red varieties is likely to be improved by
pruning, but improvement in pest control is generally small or absent. In the

40-year-old orchard much work has been required during the past two years

to cut out dead and dying wood. It thus appears that bearing trees must be

pruned sooner or later, for dead branches furnish an opportunity for decay to

enter and threaten the life of the tree. It must be as well or better to cut out weak,

shaded wood before it dies. Ail the pickers agree that picking is more difificult

on the unpruned trees.

Comparison of Cultivation and Sod in a Bearing Orchard. (J. K. Shaw.)

The fertilizer treatment of this orchard was the same as in 1932. Two cultivated

plots in this orchard which had had no fertilizer for twelve or more years received

a complete fertilizer in 1932 and 1933. No significant increase in production

appeared last year, but in 1933 these plots produced the largest crops since

planting. The purpose has been to increase growth of cover crop and thus the

organic matter in the soil. While the cover crops were somewhat better in 1933

there can be no great increase of organic matter yet. The fertilizer program will

be continued to see if the complete fertilizer gives better results than are obtained

on the plots receiving nitrogen only. The crop for the latter plots was small.

The sod plot receiving nitrogen and potash showed for the first time an increased

yield of Baldwins, while the superior yield of Mcintosh was not maintained so

well this year. Twigs of both Baldwin and Mcintosh from this plot showed

higher potash content than others from a similar plot fertilized with onl^- ni-

trogen.

Results from this orchard under observation for twelve years suggest the in-

adequacy of both the sod-nitrogen program and continued cultivation with a

cover crop sown in early July.

The plot in cultivation without fertilizer continued to give low yields though

they have been larger than they were in the earlier years, probably due to in-

creased size of the trees.

Comparison of Clover Sod and Grass in a Sod Mulch Orchard. (J. K. Shaw.)

The effort to maintain a sod of white clover by fertilizing with potash, phosphorus,

and lime has proved a failure in this orchard. For the past three jears the grass

has been allowed to grow all summer partly to avoid the expense of mowing and

partly to see what would be the effect on the trees. This may have been the

reason for the disappearance of white clover. There does not seem to be any

marked injury to the trees but, as no direct comparisons can be made, it cannot

be said that no harm has resulted.

These white clover plots were given an application of a complete fertilizer in

1933 the same as the other plots. This seems to have increased the production

from these plots, while that from the plots which have had a complete fertilizer

for the past 11 years was smaller than previously. This experiment will be

redirected next year.

Tests of Different Amounts of Nitrate of Soda. (J. K. Shaw.) Following

the revised plan of using a complete fertilizer with 10, 17J^, and 25 pounds of
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nitrate of soda per tree in the off-bearing year only, these trees were fertilized in

1933. The crop was larger than in 1931 but the lower yield in 1932, the on year,

reduces the two-year average for 1932-1933 below that of the previous two-year

period of 1930-1931. This may be because of the remarkabh large crop of 1930.

No marked improvement of color and quality has been noticed. The present

fertilizer plan will be continued.

Comparison of Cultivation and Heavy Mulching for Apples. (J. K. Shaw.)

The mulched plots ha\e been continued as before with additional mulch as

available. Enough has been applied to suppress most of the grass and weeds.

The cultivated plots received 300 pounds of nitrate of soda per acre. The Wealthy

trees on Doucin stocks were removed in the spring of 1933 leaving only the

standard trees. The Doucin roots sprouted freely and they seem to be Mailing

No. 6, Rivers Nonsuch Paradise. Yields of both Mcintosh and Wealthy were

somewhat smaller than in 1931, the previous light-bearing year.

The Effects of Fertilizer Limitation on Fruit Plants. (J. K. Shaw.) Lime at

the rate of about two tons per acre was applied to the limed ends of the plots.

This raised the pH value of the soil to about 6.25, where it was while the previous

crop of trees was grown. The acidity of the unlimed plots remains about as it

has been in earlier years, a little below pH 5. In all cases where potash is used

alone or in combination, the growth of the trees was greater on the limed plots;

while the reverse was true on all other plots except on one of the unfertilized

plots. Growth was nearly twice as large on the unlimed plots receiving nitrate

of soda but no potash, as on the unlimed plots with the same fertilizer. The

results are similar to those with the previous crop of trees planted about 1922

except the trees on the phosphorus-potash-lime plots, where the growth is less

than with those on the limed, complete fertilizer plots. It seems clear that a

combination of potash and lime is the only fertilizer to which fruit plants respond

on this soil, which has had a fixed fertilizer treatment for over 40 years. When
potash and lime are applied, it may be that the addition of nitrogen will give

further improvement in growth.

Role of Potash and Lime in Fruit Tree Nutrition. (J. K. Shaw.) Owing to

limited funds and man power this project was dormant during the past year.

It will be resumed or terminated and the results published in the near future.

Effect of Potash and Lime on Apple Trees. (J. K. Shaw.) The filler trees of

several varieties were removed in the spring of 1933 (except the Mcintosh trees)

leaving only the Wealthy trees. There appears to be no effect from the lime, but

the trees receiving potash in addition to nitrogen gave much larger yields than

those receiving nitrogen only. The twigs from the potash trees contained more

potash than those not fertilized with potash. If this trend continues in future

years we must conclude that the time has come when this orchard requires potash

in addition to nitrogen. There is as yet no indication of any benefit from addi-

tions of phosphorus to the fertilizer applied. This orchard is in sod.

Study of Varieties of Tree Fruits. (J. K. Shaw and O. C. Roberts.) Observa-

tions on numerous new varieties of different fruits were continued. Results

were similar to those given in the last report. Wright's Early plum seems to be

a promising substitute for Red June. It is equally productive and far better

in quality.

Several new varieties of apples from C. P. Close of the United States Depart-

ment of Agriculture fruited for the first time. They are all early red apples of
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about the season of Yellow Transparent, some a little earlier and some a little

later. Several of them are very promising, and buds of the better one were set

to grow trees for a more extended trial.

Fruit Bud Formation in the Strawberry. (R. A. Van Meter.) This project

is concerned with the effect, on fruit bud formation, of nitrogen applications at

various times during the latter part of the growing season. The project was
undertaken five years ago and changes have consisted chiefly in altering the

planting plan to vary the number of plants per square foot.

No consistent eflfect on fruit bud formation has been found either when plants

w'ere grown in hills with ample room or in moderately filled matted rows; and no

eflfect has been found either on a good strawberry- soil or on a soil needing fertiliza-

tion to grow grain crops satisfactorily.

A new bed was set in the spring of 1933 to note the effect on runner plants of

varying ages. All plots are duplicated five times and all receive phosphorus and

potassium.

Bud Mutation. (J. K. Shaw and W. H. Thies.) The collection of trees top-

worked to various mutating strains of several varieties of apples was maintained

but none have borne fruit. The "flat limbed" strain of Gravenstein apple has

thus far produced only normal branches.

Storage of Apples Under Various Conditions. (O. C. Roberts cooperating

with C. I. Gunness and W. R. Cole.) Two particular lines of investigation per-

taining to the storage of apples have been undertaken as follows:

L A study of the eflfect of humidity on the keeping quality of Mcintosh and

Baldwin apples at 32° and 45° F. This is a repetition of similar studies which

have been carried on for two seasons previously. Indications suggest that a

humidit}' of 80 to 85 per cent is adequate for the keeping of apples in cold storage,

while 85 to 90 per cent is necessary in the air-cooled storage.

2. The storage of Mcintosh apples above 32° F. It is a generally accepted

fact that apples which are to be preserved in the fresh state for the maximum
length of time should be placed in storage at 32° as soon as harvested and held

at that temperature continuously throughout the storage life of the apples.

At harvesting time the apples do not possess the quality and flavor which they

later acquire if held at a temperature of 45° to 50°. A temperature of 32° modifies

the ripening process to the extent that the apples fail to develop the most de-

sirable eating qualities and thus are still "green" in fllavor when removed from

storage and offered to the consumer. This is particularly true of the Mcintosh.

For two seasons experiments have been conducted to determine whether

Mcintosh apples can be kept satisfactorily by holding at temperatures of 40°

to 50° for a period of two weeks and then decreasing the temperature until 32° is

finally reached about the middle of November. These experiments have not

been repeated a sufificient number of times to justify definite conclusions. How-
ever, present indications suggest that the following results may be expected:

(1) The flavor of the apples is decidedly improved.

(2) The apples can be held in good condition for the Christmas trade.

(3) If apples are to be held for a longer period, the\- should be stored at 32°

continuously.

Tests of Various Spray Materials. (O. C. Roberts, cooperating with A. I.

Bourne and O. C. Boyd.) \'arious spray materials, both insecticides and fungi-

cides, have been tested in the field to determine their eflficiency and safety to
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the tree and fruit. Results for the past season will be found in the report of the

Entomolog}" Department.

Blueberry Culture. (J. S. Baile>-.) In the spring of 1933 the plantation to be

used for cultural studies was enlarged to about one-half acre. The observations

on height of water table were continued. Propagation was continued to obtain

more plants for experimental purposes. Birds took such a large portion of the

crop that very few berries were harvested from the variety plantings.

In the spring of 1932 some cultural experiments were started using one-year-old

blueberry plants in three-gallon earthenware crocks. By the middle of the

summer of 1933 it was evident that the root systems of the plants were becoming

crowded and therefore the experiment on these plants would have to be discon-

tinued at the end of the season. This work indicated that under some conditions

lime is not as toxic to blueberries as has been previously supposed.

Additional pot experiments were started in the spring of 1933. These pots

were accidentally left out in a heavy rain for a short time. The soil in some of

the pots became saturated with water and several plants died and several more

were severely injured as a result of the wetting. The new growth that was pro-

duced on the injured plants had light yellow, unhealthy-looking leaves. This

accident emphasises the importance of planting blueberries in a situation where

the roots will not be in a water-logged soil during the growing season.

DEPARTMENT OF POULTRY HUSBANDRY

J. C. Graham in Charge

Broodiness in Poultry. (F. A. Hays.) Results in developing a non-broody

and an intense broody line through nine generations from 1923 to 1931 have

been published as Bulletin 301.

The present method of procedure in this project calls for the use of progeny-

tested sires in the non-broody line together with aged females for breeding, to

discover whether it is possible to completely eliminate broodiness. More data

are also being collected on degree of broodiness together with a study of inherited

factors concerned in degree of broodiness.

Breeding Poultry for Egg Production. (F. A. Ha\ s and Ruby Sanborn.) The

mean annual egg production of the last generation of birds was 238 eggs. The

mortality in the laying houses was 19.34 per cent. This last generation was

superior in egg production to any other generation produced, and the mortality

rate was significanth- lower than in the two preceding generations. Egg size is

steadily increasing without reducing the number of eggs laid. Hatching dates

were set three weeks earlier in 1933 in order to study the performance records of

the birds when hatched earlier. Special attention is being given to the elimination

of winter pause, also to the establishment of greater uniformity for clutch size

and to increasing vigor as measured by mortality in families on the range and in

the laying houses. An exhibition quality strain was introduced in 1929 which

has been carried in part for exhibition quality and in part selected for characters

affecting egg production.

Statistical Study of Heredity in Rhode Island Reds. (F. A. Hays and Ruby
Sanborn.) Data have been prepared under this project and published as follows:

"The Significance of Length of Biological Laying Year in Production Breeding,"

Bulletin 298; "Crossing Production and Exhibition Rhode Island Reds," American
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Naturalist 67: 539-548, 1933; "Characteristics of Non-Broody and Intense

Broody Lines of Rhode Island Reds," Bulletin 30L

A Genetic Study of Rhode Island Red Color. (F. A. Hays.) In 1929 a line

of highest quality exhibition Rhode Island Reds was obtained. In 1930 a cross

was made using an exhibition male on production-bred females from the station

flock. In 1931 reciprocal crosses were made together with F^ x Fj and Fj x

original parents. In 1932 the Fg generation was produced and F, birds have

been backcrossed to grandparental stock. Complete egg records have been

kept on all females along with records of plumage color. The data are now being

prepared for publication.

Determination of Genetic Laws Governing Results of Inbreeding. (F. A.

Hays.) The fifth generation of inbred progeny was hatched in 1933 from the

two remaining lines. Progeny have also been produced by crossing the two
lines. Special attention is being given to the prepotency of inbred birds compared
with the general flock bred for high fecundity.

Factors Affecting Egg Weight and Shell Character in Domestic Fowl. (F. A.

Hays.) Three lines produced each year b\' females laying 52-, 57-, and 59-gram

eggs, respectively, during December haxe been carried into the sixth generation.

The last two generations (1932 and 1933) have come from females having the

ability to lay 52-, 57-, and 59-gram eggs in November of the pullet year. Distinc-

tive t^pes of shell color and shell texture have appeared together with significant

differences in egg weight when the three lines are reproduced >ear after year by
mating the three lines of females to full brothers.

Rate of Feathering in Rhode Island Reds. (F. A. Hays.) Preliminary

studies on rate of feathering in Rhode Island Red chicks were made in 1931,

1932, and 1933. In the spring of 1933, 3200 chicks were classified for feathering

on the twelfth da>- and again at eight or nine weeks of age. Some evidence has

been secured that autosomal genes may be concerned in rate of feathering in

Rhode Island Reds along with a major sex-linked recessive for early feathering.

DEPARTMENT OF VETERINARY SCIENCE

J. B. Lentz in Charge

Poultry Disease Elimination Law. (H. Van Roekel, K. L. Bullis, O. S. Flint,

D. M. Yegian, and Miriam K. Clarke.) During the 1932-33 pullorum disease

testing season, 301,000 blood samples were tested by the macroscopic tube

agglutination method. This number represented 300,714 chickens and 286

fowl other than chickens in 338 flocks. Among the samples from chickens,

0.47 per cent were positive, the lowest percentage ever attained in this State.

All of the flocks in two counties were classified as negative. In nine of the

thirteen counties less than 1 per cent of positive tests were recorded. The
number of non-reacting flocks was 276, approximately 82 per cent of the total

flocks tested. Of these, 145 flocks were 100 per cent tested. These represent

145,420 birds, 48 per cent of the total number of birds tested. No reactors were

detected among the turkeys, pheasants, ducks, geese, and guinea fowl which were

tested on 12 farms. Chickens were tested on 9 of these farms and revealed

infection in 5. Necropsies were performed on 70 birds for 40 flock owners.
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Pullorum Disease Investigations. (H. \an Roekel, K. L. Bullis, O. S. Flint,

D. M. Yegian, and Miriam K. Clarke.)

1. Cause of Doubtful Reactions. These reactions occur in many birds from

which S. pullorum cannot be isolated. Antigens were prepared from members
of the typhoid, paratyphoid, and dysentery groups of bacteria. Agglutination

tests were conducted with 1 1 species of these groups, employing 20 positive, 20

negative, and 39 doubtful pullorum sera. The positive and doubtful sera pro-

duced reactions in the majority of the antigens, while the negative sera reacted

mainly with the dysentery antigens. Agglutinin absorption tests in a few sera

also indicated that the dysentery group probably was not associated with the

doubtful pullorum reactions. Thirty-three negative and ten doubtful sera were

tested with 33 single strain antigens, representing 12 species of the three groups.

Results of these tests were similar to the previous tests. Twenty birds were

inoculated with 20 strains of 1 1 species, representing the three groups. Sara

from these birds were tested with the 33 single strain antigens. The tests indi-

cated that by employing ordinary laboratory cultures the agglutination relation-

ships of 5. pullorum, S. gallinarum, S. abortivo-equina, S. enteritidis, S. aertrycke,

and E. typhi were so close that the sera could not be differentiated by the agglu-

tination method alone. The 5. suipestifer, S. schotmulleri, and Al. fecalis sera

could be differentiated. The dysentery sera could be differentiated from all the

others, and within the group the Sonne and Flexner types reacted differently.

Considerable variation in agglutinability was noted within each species.

2. Infectivity of Droppings. Tw'enty-five hens, negative to the tube agglutina-

tion test, were exposed to litter contaminated with fresh droppings from positive

hens. The exposure consisted of approximately one pint of fresh droppings si.x

days a week for 52 weeks. Up to the present time, two months after the litter

contaminations ceased, there have been no positive reactions.

3. Viability of S. pullorum. The organism has been recovered from a dry

piece of cloth after a period of 503 days. Part of this was reported in a Master's

thesis by M. K. C.

Laboratory Service—Pathology. (K. L. Bullis and D. M. Yegian.) Personal

calls at the laboratory were recorded 107 times. The number of cases handled

was 366 and the number of specimens 1,116. Distribution of the specimens

was as follows:— 1,041 chickens, 26 turkeys, 20 rabbits, 9 quail, 6 pheasants,

5 sheep, 2 grouse, 2 guinea pigs, and 1 each of the following:—canary, cow, dog,

hay, and prgeon. The diseases encountered most frequently were parasitism,

so-called "range paralysis," pullorum disease, and tumors. Disturbances of the

kidnej- and oviduct were found in a large number of specimens. Several cases

of entero-hepatitis in chickens were recorded. Diagnoses of diseases which are

believed to be rare in Massachusetts were:—fowl typhoid 4, fowl cholera 2, and

1 each of avian tuberculosis, intestinal capillaria, erythroleukosis, feather mites,

paratyphoid in turkeys, and gape worms in quail. A fatal case of corynebacterium

infection was diagnosed in a pullet. A search of the literature did not reveal a

description of this organism.

Farm and Station Bang Disease. In assisting this project, the laboratory

tested 850 blood samples by the standard tube agglutination method.

Infectious Laryngotracheitis Field Experiments. (C. S. Gibbs.) Approx-

imately 11,000 chickens were vaccinated against infectious laryngotracheitis

during the summer of 1933 under range conditions. An especially virulent strain
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of virus was used in preparing the vaccine. This virus had been studied in the

laboratory several months and was maintained in one-month-old chickens, which

had also been reared under laboratory conditions since they were two days old.

The chickens for the laboratory studies were all secured from a single poultry-

man, and were uniform in size, appearance, and resistance. The virus was not

used in the field experiments as vaccine, unless it killed one-month-old chickens

in five days. This arbitrary standard was necessary because laboratory tests

indicated that any attenuation in the virulence of the virus might produce un-

satisfactory vaccine.

A special technique was devised for restraining the birds and making the inocu-

lations. In the field experiments the percentage of takes varied from 80 to 100

per cent, depending upon the age of the birds. As far as takes were concerned

the most satisfactory results were secured with chickens three and four months
of age. This period correlated with the age of greatest susceptibility in chickens

inoculated intratracheally with fresh virus.

Up to the present it has not been definitely proved whether this correlation is

real or apparent. Anyway, it was found that the number of successful takes

fell ofT proportionally as the chickens were older or younger than three and

four months. These variations may have been due to the fact that natural

resistance of chickens to vacccination increased with age, while difificulties in in-

oculating the bursa of Fabricius and the cloaca increased with the smallness

in size.

The vaccinated birds are being checked for cloacal and laryngotracheal carriers.

The results of this part of the experimental study will be reported later.

Distribution and Epizootiology Studies of Infectious Laryngotracheitis. (C. S.

Gibbs.) This study is being conducted jointly by the Department of Veterinary

Science and County Agents. The object is to make a thorough investigation

of the distribution and epizootiology of infectious laryngotracheitis in Massachu-

setts. It is hoped that this study will eventually lead to some practical methods

of controlling the disease. As yet the information which has come in is meager,

although it is sufficient to indicate that the disease is confined largely to the

eastern part of the State, and some counties have more of it than others. Factors

other than chronic carriers seem to be instrumental in the spread of the disease

from endemic centers. Just what these factors are in each locality has not yet

been determined. It is impossible to formulate satisfactory control measures

until these factors are known and other field studies completed.

Further Studies on the Desiccation and Preservation of Infectious Laryngo-

tracheitis Virus. (C. S. Gibbs.) Recent experiments in this laboratory have

shown that the virus of infectious laryngotracheitis may be satisfactorily des-

iccated and preserved by filling a properly prepared desiccator with dry air.

The air is dried by passing over anhydrous calcium chloride, and through alkaline

pyragallol and sulfuric acid. The dry air is drawn into the desiccator by means

of an ordinary water pressure pump.
This method of desiccating and preserving infectious laryngotracheitis virus

ofTers no advantage over the modified Swift method, which has been in use in this

laboratory for several years, except that a vacuum pump is unnecessary, and the

cost of equipment reduced.

Avian Paralysis or Neurolymphomatosis. (C. S. Gibbs.) An apparent rela-

tion of l^mphocytoma to neurolymphomatosis has been demonstrated in a sys-

tematic study of malignant growths and paralytic conditions in a flock of known

history. In some of the cases under study the pathological cell involved in
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lymphoc3"toma apparently metastasized into the nervous system, and in other

cases the metastasis extended in the opposite direction, i. e., from the nervous

system into adjacent tissues. Concurrent affections were ruled out because the

tumorous growths appeared to be continuous in these cases. In other cases

hmphocytomas and neurolymphomas were found to be sharply separated by
parenchymatous organs, muscles, and nervous tissue. The only possible explana-

tion of these malignant growths concurrently invading all tissues of the fowl

as single entities is that they are either hmphocytomas or neurolymphomas of

such invasiveness that all tissues are affected by them. If this explanation is

correct, then lyniphoc>toma and neurolymphomatosis have the same pathological

characteristics when invading the same tissues; and it follows that neurolympho-

matosis is a disease of young birds, while lymphocytoma is a manifestation of

the same disease in older birds ten months or more of age. However, in spite

of the conclusiveness of the evidence presented by these histological studies of

spontaneous cases, the exact relation between lymphocytoma and neurolympho-

matosis awaits etiological confirmation.

In these studies neurolymphomatosis was rarely found associated with a

leukemic state of the blood, such as occurs in erythroleukosis and myelogenous

leukemia. Lymphocytoma was more often complicated by leukemia.

Lymphoc\toma, neurolymphomatosis, and leukemia are apparently respon-

sible for an excessive mortality in flocks in which they exist, and are quite beyond

the power of the average poultryman to control. The object of this study is to

find some practical method of control. The results thus far indicate that all of

them are probably of an infectious nature and poultrymen may be able to control

them by slaughtering all birds showing symptoms. The diagnostic service is

available to poultrymen for the purpose of assisting in the diagnosis of these

diseases.

Sexing Living Baby Chicks. (C. S. Gibbs.) A demonstration of sexing living

baby chicks was put on at the Poultry Breeders' School this year (1933). Con-

siderable interest was shown and the method may find some practical use in

New England. Schools are being established on the Pacific Coast and in the

Middle West for the determination of sex in living baby chicks, and New Eng-

land pountrymen may be forced to sex their chicks in the future in order to hold

their trade. Furthermore, it should be remembered that over-production is

one of the Nation's greatest problems. Drastic steps are being taken by the more

progressive industries under the direction of the government for the curtailment

of production of those commodities of which there is a surplus. Chick sexing

immediately offers a method of reducing the cockerel surplus and lowering the

cost of pullet production, as well as simplifying disease control problems due to

overcrowding.

WALTHAM FIELD STATION

(Waltham, Massachusetts)

Ray M. Koon in Charge

For reports on approved projects conducted at this Station, in addition to those

listed under this caption, see reports of the Departments of Botany, Entomology,

Floriculture, and Olericulture.

Along with its function as a research unit of the College, this Station has con-

tinued to develop and advance in its usefulness as a center of information because
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of its proximity to a dense population of varied horticultural interests. During

the year there have been recorded more than 2500 persons who have consulted

members of the staff regarding troubles threatening their commercial enterprises

or to request assistance with problems relatingto amateur horticulture as it is

practiced by the home gardener. Telephone inquiries have numbered 2765, or

640 more than last year. The requests for printed information have increased

in the same proportion.

Over 1000 soil samples have been brought to the Field Station during the year.

Soil deficiency tests have been made and recommendations offered.

The Boston Market Gardeners Association has continued to use the Station

as headquarters for their monthly Executive Committee conferences and have

contributed much in the way of suggestions for worth-while projects. The Field

Station staff has, as usual, arranged the program of seven educational meetings

which the Market Gardeners Association holds during the winter months.

The Fifteenth Annual Field Day was held on August 2 with over 900 farmers

attending. Demonstrations, most of the variety trials, and special projects

were planned with this day in view. Continued interest was shown by the

visitors in the work of the Field Station. Firms selling anything helpful to

vegetable or flower growers were invited to demonstrate their wares, and twent>'

were represented.

The Seventh Annual Celery, Second Bunched Carrot, and First Bell Pepper

Contests were held.

The Plant House. (P. W. Dempsey.) Interest in the model plant houses

at the Field Station, and in the plans available for distribution, has been main-

tained at about the same level during the past few years. The new type of hot

water heater, made by a national concern, installed in the new plant house last

winter has proved extremely satisfactory. With automatic draft control, it is

efificient in its use of fuel; with return opening only three inches from floor line,

no pit is necessary; and the first cost is exceptionally low. Fuel costs for operat-

ing both plant houses (each 10 x 30 feet) all winter were about the same ($75

each) in spite of considerable differences in the type of construction.

Electricity as a Source of Heat in the Hotbed and Propagating Bench. (P. W.
Dempsey.) Interest in this project on the part of commercial growers seems to

be almost at a standstill. This is primarily due to the natural hesitancy to adopt

new methods and also to excessive operating costs in many parts of the State.

Charges for current by different companies var\- considerably, many asking a

price that almost prohibits consideration of the use of electricity as a source of

heat for these purposes. A few power companies are cooperating even to the

extent of furnishing equipment and current for growers who are willing to ex-

periment.

Results obtained at the Field Station in the benches and beds were similar

to those of last year. These prove that the equipment is good and show that

some practical uses for this ideal heat will be found before long.

Work will be continued especially along the line of propagating hardwood and

softwood cuttings.

Vegetable Variety Trials. (P. W. Dempsey.) This year the sweet corn tests

included over seventy strains. There was no outstanding strain or new variety

of particular merit. Bacterial wilt attacked the trials for the first time and

although all the varieties were affected the early maturing varieties which have

received particular attention the past few years were especially diseased. The

Spanish Gold variet\- was the only exception, showing considerable resistance.
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The late maturing varieties were not affected seriously (most of them yielding

80 per cent or better), and the new hybrids and inbreds showed almost no indica-

tion of wilt. If the wilt increases in severity as it promises to, resistance will

necessarily be an important factor in variety or strain selection in the future.

Earliness and size of ear have held the stage for many years; the Golden Sunshine,

Early Golden Market, Golden Gem, and other varieties have occupied the spot-

light. Now it seems as though attention will be focused on top-crossed, hybrid,

and inbred strains. Seedsmen and experiment station breeders have been

producing superior crosses, especially for the canners, for several years. All of

these have been late in maturing in the Field Station trials thus far. Now,

however, it will be necessary to consider them and plans are under way for an

extensive trial of all these new strains available in 1934.

Over a hundred strains of tomatoes were planted this year in the tomato

trials. Interest in trellis tomatoes is exceptionally keen just now, so particular

attention was paid to varieties for this purpose. Many crosses of the Comet

variety, originally made by V. A. Tiedjens and carried on by R. E. Young, were

included and showed considerable promise. Further crosses made by Young
also show possibilities; one, especialK-, of the so-called Field Station Comet
on Lloyd Forcing was particularly good. Most of the strains for staking, pro-

cured directh' from commercial seedsmen, were not satisfactory. There was no

outstanding variety or strain in the trials except those referred to of the Field

Station Comet crosses.

As in the case of the sweet corn crop, the tomato crop of Massachusetts is also

threatened by a serious disease, the late blight rot {Phytophthera infestans).

This disease was reported as present in this State in 1905. From that time until

1932 no mention of it can be found in State records. Last year about 10 per cent

of the tomato crop was affected, the disease causing trouble mainly on the late

outdoor crop and greenhouse crop after September 5. In 1933 over nine-tenths of

the crop was affected, many complaints being received as early as the middle of

August. There seems to be little or no difference in the susceptibility of different

varieties to the disease, the only means of prevention probably being thorough

spraying or dusting with Bordeaux.

The Model Vegetable Garden. (P. \V. Dempsey.) A vegetable garden 50 x

100 feet that would serve as a possible stimulus and model to visitors was started

this year. Many and varied are the plans given in extension circulars and seed

catalogs, but a close perusal will show discrepancies in dates, distances, and other

factors. This garden was planted to obtain definite information under average

conditions. No manure was used; the whole garden was plowed, harrowed, and

fertilized at one time; possible succession crops were emphasized especially.

Flowers were included to increase the interest of all members of the family.

Seed was planted by hand. Rake and hoe were the only tools used. This

demonstration will be repeated and records will be kept of the various costs.

Varieties of Small Fruits. (P. W. Dempsey.) So many inquiries have come

to the Field Station concerning the culture and varieties of small fruits that it

was thought worth while to start a small-fruit test plot in order to permit visitors

to observe a few of the standard varieties and some of the promising new varieties

under actual cultivation. A number of ra.spberry and strawberry varieties were

set last spring as a beginning.

Control of Cabbage Maggot. (W. D. Whitcomb and H. A. Wilson.) To de-

termine the number and time of applications of a 1-1000 solution of corrosive

sublimate which is most economical and effective in controlling the cabbage
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maggot, treatments were made at the rate of Y2 cupful per plant on May 9 (when
the first cabbage maggot eggs were found), May 16, May 23, and May 30. Four-

teen plots were arranged so that all of the possible combinations from four applica-

tions were made. In the untreated plot 57 per cent of the plants were damaged
by the maggot.

One application made on May 9 gave 98 per cent control and made on May 16

94 per cent control, but the latter plot yielded twice as many large or medium
sized heads and seems preferable. Two applications gave perfect control except

when the first application was delayed until May 23. The number of good sized

heads was greater when the applications were made on May 9 and May 16, and
these appear to be the most timely applications. Three and four applications

also gave perfect control, but the yield was not sufficiently greater than where two
applications were made, to warrant the additional labor and cost. In this plant-

ing, about 75 per cent of the plants yielded large or medium sized heads by June
26 if the maggot was satisfactorily controlled.

Three applications of dusts containing mercury also gave 98 to 100 per cent

control when applied on May 9, 16, and 23. Applications from both sides of

the row did not increase maggot control over application from one side, but the

size of the heads was improved by the additional dust. Two commercial dusts

containing derris or rotenone did not give satisfactory control of maggot, and tar

paper discs were not satisfactory.

Ornamental Display and Test Gardens. (Harold E. White.) The ornamen-

tal display gardens were established at the Field Station in 1931 to permit the

study of varietal reactions and to provide an opportunity for the public to observe

the plants they may desire to grow commercially or with which to beautify their

home environment. The response of the public to these gardens has far exceeded

expectations. At present, the gardens contain approximately 100 varieties of

iris, 80 varieties of peonies, 40 varieties of roses, 40 varieties of New England astprs,

500 varieties of rockery plants, 400 varieties of miscellaneous perennials, and 50

varieties of shrubs. All this plant material has been supplied gratis and with

eagerness by various nurserymen. In addition, the New England Gladiolus

Society maintains a display plot of some 300 varieties of gladiolus. Each \'ear,

fifteen to twenty seedsmen supply seeds of the new introductions in annual

flowers in return for which they receive a report as to the quality of these varieties.

Future reports will be in the nature of observations on hardiness and habits of

certain ornamentals.

Horticultural Schools. (Harold E. White.) These schools originated in 1931

for the purpose of providing florists with the latest cultural information derived

particularly from research, and to offer a source of information for home gardeners

who, because of necessity or preference, do their own gardening, The Florists

Schools have been attended each year by between 200 and 300 florists. The
first Home Gardeners School in 1931 for one day drew 700 persons which was a

far greater number than could be adequately accommodated. In 1932 and 1933

the two-day Home Gardeners program attracted an attendance of 800. A con-

siderable number attending have come from outside this State. Schools of this

nature have now' become a part of the regular activity of the leading colleges.
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PUBLICATIONS

Bulletins

293 Annual Report for the Fiscal Year Ending November 30, 1932. 68 pp.

March, 1933.

The main purpose of this report is to provide an opportunity for presenting in published

form, recent results from experimentation in fields or on projects where progress has not

been such as to justify the genera! and definite conclusions necessary to meet the require-

ments of bulletin or journal.

294 Recreational and Forestry Uses of Land in Massachusetts. David Rozman.

20 pp. illus. January, 1933.

During the last few decades there has been a considerable decline in the land area under

cultivation in the State of Massachusetts; and largely as a result of this abandonment of

farm land, about one third of the total area in towns with a population of less than 10,000

is owned by non-residents. In towns situated on the Coast and in some inland towns,

especially in Berkshire County, such land is utilized to a great extent for recreational pur-

poses; but in most other areas, land owned by non-residents is represented by idle acres

covered by brush and inferior woods The development of recreational uses in communities

with a large area of idle land benefits the local population bj' providing a greater amount

in tax receipts, a local market for agricultural products, and some employment for local

people; yet in some cases lack of interest in local institutions and competition with the

farmers for hired labor may be detrimental. However, even with the increase in recreational

uses and part-time farming which may be expected with the increase in good roads, the

greater part of this idle land will have to be used for the growth of trees. Already there

is a considerable area in state and town forests and small areas held by various public

organizations. Care should be taken in increasing these holdings to see that the areas

taken are not likely to be needed for other developments, such as part-time farming and

summer homes.

295 The Immunology of Infectious Laryngotracheitis. Charles S. Gibbs.

20 pp. illus. May, 1933.

In order to be acceptable to the majority of poultrymen, treatments for infectious laryngo-

tracheitis must be cheap, easy to administer, and fairly effective. Intravenous and sub-

cutaneous methods of stimulating immunity did not measure up to this standard, and are

therefore not recommended for field practice. Under laboratory conditions, the inocula-

tion of the bursa of Fabricius appears to be the most satisfactory method of immunizing

birds against this disease. Only birds in the best of health are suitable for vaccination,

which is best administered when the birds are between three and four months old. Care-

fully controlled experiments are needed to determine the practical value of this method of

vaccination under range conditions as well as the duration of immunity in fowls in heavy

production.

296 Effect of Manufacturing and Preserving Processes on the Vitamins of

Cranberries. Paul D. Isham and Carl R. Fellers. 19 pp. illus. May,

1933.

Cranberries are an important crop in Massachusetts. Nearly all of them are processed

in some way before they are consumed. This study was undertaken to determine the

effect of various methods of processing on their nutritive value. Both fresh and frozen

cranberries are a very good source of vitamin C, the minimum protective dose for young

guinea pigs being 3.5 to 4.5 grams daily. Whole-fruit cranberry sauce retains approx-

imately three fourths of the vitamin C of the fresh fruit; but strained sauce, evaporated

cranberries, and cranberry juice are poor sources of this vitamin. A four months' storage

period at 40° F. caused a loss of 20 per cent in vitamin C content. There is a small but

definite amount of vitamin A in cranberries; but vitamins B, D, and G are either absent or

present only in traces. The study showed that handling and manufacturing methods may
greatly alter the nutritive value of cranberries and cranberry products.
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297 The Effect of Certain Cropping Systems on the Yield and Quality of Havana
Tobacco. A. B. Beaumont, M. E. Snell, and E. B. Holland. 28 pp.
illus. June, 1933.

Several cropping systems for tobacco either used or suggested for the Connecticut Valley

were compared and results for eight years, 1924-1931, are reported. These experiments
present a rather convincing argument for the use of a moderate quantity of manure as a

supplement to commercial fertiliser. The advantage from manure lies largely in its effect

on quality. The use of red top cover comes second as a means of producing good quality

of tobacco, and is a much more feasible cropping system for most Valley farmers on account
of the scarcity of manure. The rotation experiments gave results which were quite unfavor-
able to tobacco, although in most cases the other crops were apparently benefited by having
tobacco in the rotation. The cropping systems studied produced little or no change in the
soil conditions. Continuous culture of tobacco without the plowing in of a cover crop

caused the greatest increase in acidity, which was only 0.5 of a pH unit. The use of cover
crops, the rotation, and manure tended to stabilize the reaction of the soil; and acidity was
reduced only in one of the rotations where limestone was used.

298 The Significance of Length of Biological Laying Year in Production Breed-

ing. F. A. Hays and Ruby Sanborn. 11 pp. illus. June, 1933.

High persistency has long been recognized as an important factor in breeding for egg
production. In previous studies persistency has been considered only within the limits

of the 365-day pullet laying year. In the study here reported, birds having the ability

to lay continuously for more than 305 days were found to be superior for breeding purposes

to those having a shorter laying year.

299 Shipping Massachusetts Apples to Out-of-State Markets. A. H. Lindsey

and A. A. Brown. 27 pp. illus. October, 1933.

The development of apple orchards in New England and especially in Massachusetts

has made it desirable for growers to find markets outside of the immediate production area.

Information regarding transportation methods and costs was obtained from growers who
have been shipping to New York markets. Transportation and terminal facilities are

described for seven leading cities which might become profitable markets for Massachusetts

apples, and the advantages and difficulties of each of them discussed.

300 Chemical Composition of Herbage from Massachusetts Pastures. J. G.

Archibald and E. Bennett. 7 pp. October, 1933.

In general the herbage from pastures located on Becket loam and Stockbridge loam,

two common soil types in Berkshire County, was superior to that from pastures in the

counties farther east. It contained more protein and minerals and less fiber, and the

quantity of grazing available was usually greater. All of the samples measured up quite

well in protein content and were not unduly high in fiber; the amount of calcium ranged

from fair to good; but there was quite a decided deficiency of phosphorus, particularly on

the lighter, less drought-resistant soils and in the autumn samples.

301 Characteristics of Non-Broody and Intense Broody Lines of Rhode Island

Reds. F. A. Hays. 12 pp. November, 1933.

Through the method of breeding followed, the percentage of non-broody individuals in

the pullet year for the non-broody line has fluctuated rather widely from year to year,

reaching a maximum of 92.31 per cent and a mean of 72.00 per cent for the nine-year period.

For the broody line, the mean percentage of non-broody daughters was 20.46 per cent.

The data show that degree of broodiness is inherited; also that the non-broody line was
distinctly superior to the broody line from the standpoint of annual egg production.

302 Higher Aging Temperatures in the Manufacture of Ice Cream. W. S.

Mueller and J. H. Frandsen. 16 pp. illus. November, 1933.

Aging at 68° F. for 2, 4, and 6 hours produced no measurable effect on bacterial growth,

pH, or titratable acidity of a pasteurized ice cream mix. When an ice cream mix which

contained the correct amount of gelatin for low temperature aging was aged for 4 hours at

68° F., excessive retardation of melting and a curdled appearance resulted. This objection-

able melting condition can be corrected by reducing the gelatin content approximately

one fourth.
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303 Effect of Hydrocyanic Acid Gas on Cucumber Plants Previously Sprayed

with Copper Fungicides. E. F. Guba and E. B. Holland. 16 pp. illus.

December, 1933.

The control of fungous diseases and insect pests of cucumbers in greenhouses frequently

requires the use of copper fungicides and hydrocyanic acid gas. Complete destruction of

greenhouse cucumber plantings has occurred in Massachusetts in some instances from such

treatment. The only copper sprays which did not cause injury when followed by hydro-

cyanic acid gas were commercial basic copper carbonates, basic copper sulfates, and non-

staining ammoniacal copper sprays. If other copper fungicides are used, fumigation with

hydrocyanic acid gas should precede the copper spray in order to avoid injury.

304 Secondary Milk Markets in Massachusetts in the Period of Falling Prices,

1930-1932. David Rozman. 20 pp. illus. December, 1933.

The bulletin deals with the analysis of marketing problems arising largely from changing

conditions of the milk supply in secondary markets of Massachusetts, represented by-

Gardner, Attleboro, and Newburyporl. The most disturbing factors for the maintenance
of stability in the secondary markets were found to be the influ.x of outside milk and the

increasing number of producers entering the distributing field. The attempt to maintain

a stable price level in the small markets independently of the general market trend has

generally met with little success. The average net price obtained by producers for their

milk in the summer of 1932 was 4 1 cents per quart in Gardner, 6 cents in Attleboro, and 4.8

cents in Newburyport. The highest percentage spread between these and prevailing

retail prices was in Gardner and the lowest in Newburyport. The milk marketing set-up

prevailing in Newburyport, where most of the producers sell their milk to small dealers and
distributors, largely their neighbors, was found to be the most economical for a small market.

Control Bulletins

67 Seed Inspection. F. A. McLaughlin and Margaret E. Nagle. 47 pp.

February, 1933.

68 Thirteenth Annual Report on Eradication of PuUorum Disease in Massachu-

setts. The Poultry Disease Control Laboratory. 8 pp. August, 1933.

69 Inspection of Commercial Fertilizers. H. D. Haskins. 46 pp. November,
1933.

70 Inspection of Commercial Feedstuff's. Philip H. Smith. 58 pp. Decem-
ber, 1933.

71 Inspection of Agricultural Lime Products. H. D. Haskins. 8 pp. Decem-
ber, 1933.

Meteorological Reports

529 - 540, inclusive. Monthh- reports giving daily weather records, together

with monthly and annual summaries. C. I. Gunness. 4 pp. each.

Reports of Investigation in Journals

(Numbered Contributions')

138 Nutritive Value of Cranberries. Carl R. Fellers. Amer. Jour. Pub.

Health 23:13-18. January, 1933.

140 Bronchitis of Baby Chicks. Charles S. Gibbs. Poultry Sci. 12:46-48.

January, 1933.

141 The Desiccation and Preservation of Infectious Laryngotracheitis Virus.

Charles S. Gibbs. Jour. Bact. 25:245-251. March, 1933. .

142 The Distribution of Nitrogen in Tobacco When the Supplies of Nitrogen

and of Light Are Varied During the Growing Period. Walter S. Eisen-

menger. Jour. Agr. Research 46:255-265. February 1, 1933.

143 Some Factors Affecting the Palatability of Pasture Plants. A. B. Beau-

mont, R. E. Stitt, and R. S. Snell. Jour. Amer. Soc. Agron. 25:123-128.

February, 1933.
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145 Studies of Bacterium Coli in Privately Owned Rural Water Supplies.

Ralph L. France. Jour. Bact. 25:623-635. June, 1933.

148 Studies in the Food Requirement of Adolescent Girls: IV. The Mineral

Intake of 38 Well-Nourished Girls 10 to 16 Years of Age. Bernice Wait
and Lyxdia J. Roberts. Jour. Amer. Dietet. Assoc. 9:124-137. July,

1933.

150 Relation Between Body Weight and Age at Sexual Maturity in Rhode Island

Red Pullets. F. A. Hays. Poultry Sci. 12:23-25. January, 1933.

151 Relation of Weight at Sexual Maturity to Annual Egg Production. F. A.

Hays. Poultry Sci. 12:25-26. January, 1933.

152 "Suspected Mosaic" of the Strawberry. E. F. Guba. Phytopath. 23:

654-661. August, 1933.

153 Vitamin C Content of Baldwin Apples and Apple Products. C. R. Fellers,

M. M. Cleveland, and J. A. Clague. Jour. Agr. Research 46:1039-1045.

June 1, 1933.

154 The Influence of Legume versus Non-Legume Crops on the Microbiological

Activities in the Soil: II. Nitrification and Cellulose Decomposition.

James E. Fuller. Soil Sci. 35:485-491. June, 1933.

155 The Proper Supplementary Ration for Milking Cows on Fertilized Pasture.

Richard C. Foley. Jour. Dairy Sci. 16:407-411. September, 1933.

158 Aging Effects on Gelatin Dispersions. W. S. Mueller. Indus, and Engin.

Chem. 25:707. June, 1933.

V 159 Relation of Temperature to the Development of the Plum Curculio in

Apples. W. D. Whitcomb. Jour. Econ. Ent. 26:415-419. April, 1933.

160 The Massachusetts Plan for the Eradication and Control of Infectious

Laryngotracheitis. Charles S. Gibbs. Jour. Amer. Vet. Med. Assoc.

83 (N. S. 36): 214-217. August, 1933.

161 The Inheritance of Certain Characters in the Peach. J. S. Baile>' and

A.P.French. Amer. Soc. Hort. Sci. Proc. 1932:127-130. 1933.

162 Vitamin C Distribution in Baldwin and Mcintosh Apples. C. R. Fellers,

P. D. Isham, and G. G. Smith. Amer. Soc. Hort. Sci. Proc. 1932:93-97.

1933.

163 Assimilation of Fixed Nitrogen by Grasses and Clovers. A. B. Beaumont,

W. S. Eisenmenger, and W. J. Moore, Jr. Jour. Agr. Research 47:495-503.

October 1, 1933.

164 Filtrable Virus Carriers. Charles S. Gibbs. Jour. Infect. Diseases

53:169-174. September-October, 1933.

165 Vitamins C and A in Blueberries. C. R. Fellers and P. D. Isham. Jour.

Agr. Research 47:163-165. August 1, 1933.

166 Relation of Time of Laying and Embryonic Mortality. Costas Nicolaides.

Poultry Sci. 12:274-276. July, 1933.

167 Time, Temperature and Humidity Relationships in the Pasteurization of

Dates. J. A. Clague and C. R. Fellers. Arch. Mikrobiol. 4:419-426.

1933.

169 -Vitamin C. Content of Strawberries and Strawberry Ice Cream. C. R.

Fellersand M. J. Mack. Indus, and Engin. Chem. 25:1051-1052. Septem-

ber, 1933.

170 Crossing Production and Exhibition Rhode Island Reds. F. A. Hays.

Amer. Nat. 67:539-548. November-December, 1933.

171 Effect of Cranberries on Urinary Acidity and Blood Alkali Reserve. C. R.

Fellers, B. C. Redmon, and E. M. Parrott. Jour. Nutrition 6:455-463.

September, 1933.
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Fertilizer Tests On An Important

Pasture Soil Type

By A. B. Beaumont

In order that the results from previous investigations regarding the use of

commercial fertilizers on permanent pastures might find more specific and wider

application, the work was carried into other sections of the state for trial and
demonstration on a different soil type. This bulletin presents results from that

work.

MASSACHUSETTS STATE COLLEGE

AMHERST, MASS.



Figure 1. Two of the Experimental Fields in Worcester County, on Typical
Gloucester Stony Fine Sandy Loam.

The sampling cage is shown in the lower photograph.



FERTILIZER TESTS ON AN IMPORTANT PASTURE SOIL

TYPEi

By A. B. Beaumont, Professor of Agronomy

Introduction

In a previous bulletin(l) there were reported results of top-dressing permanent

upland pastures with chemical fertilizers. Those experiments, conducted at or

near the Experiment Station in Amherst, showed that the upland pasture soils

tested responded to applications of lime, phosphoric acid, potash, and nitrogen.

Nitrogen produced the greatest absolute and relative increases in yield, and was

more effective when used with the other materials than when used alone. The
character of the vegetation was changed by the fertilizer. Weeds were eliminated

or markedly reduced. The presence of white clover was encouraged by the mineral

treatment, particular!}- lime and potash, and the grasses by nitrogen.

In the present bulletin are given results of pasture experiments previously

unreported. The purpose was to ascertain to what extent results obtained at

Amherst were applicable to other soil types in the state. Inasmuch as nitrogen

fertilizers did not figure prominently in the original experimental plan on account

of the then comparatively high cost of nitrogen, it was decided to give this nu-

trient a more prominent place in the plan of these experiments. Accordingly,

treatments of a nitrogen fertilizer alone and in certain combinations were included.

As in the earlier experiments, Chilean nitrate of soda was the carrier of nitrogen

used.

Location, Soil Types, and Flora of Experimental Fields

In the fall of 1929 ten experimental fields were selected^ on Gloucester

stony fine sandy loam, on typical dairy farms of Worcester County. The areas

selected for the experiments had not been fertilized within recent years, so far

as the records of the owners or operators of the farms indicated. The experimental

fields were fairly well distributed over the county from north to south. Thus
the experiments were located on the most extensive pasture soil type in the most

extensive dairy district in Massachusetts.

The soils of the Gloucester series are important as pasture soils in the State

as a whole, and together comprise 29 per cent of the land area of Worcester

County. These soils consist of glacial till derived from granitic rocks, have a

rolling to rough topography, good to excessive drainage, and good texture and

structure, but usually contain so many large stones and boulders as to make
tillage difficult. They are best adapted to pastures, orchards, or forests. See

Tables 1, 2, and 7 for physical and chemical characteristics, and Figure 1 for

'Financial support of these experiments was given by the Chilean Nitrate of Soda Educational
Bureau, whose co-operation is here gratefully acknowledged.

^Professor Ralph W. Donaldson, Extension Agronomist, assisted in selecting the sites of the
experimental fields. His co-operation in the execution of the field work and the interpretation of
results has been most helpful.
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appearance of the Gloucester stony fine sandy loam, which in the tables is des-

ignated by the letter "W". Observations of the effect of fertilizer treatments

were made on the ten experimental fields, and quantitative measurements of

yields were secured on as many as six in any one season. Four of the fields were

studied in detail.

Table L—Mechanical Analysis* of Pasture Soils

(Per cent of constituents)

Experiment
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Plan and Method of Experimentation

The Worcester County experiments were conducted on duplicated plots 1 rod

square, laid out in the checkerboard fashion. The experimental field was not

fenced, and dairy stock grazed the plots at will along with the rest of the pasture.

Grass samples for determining growth response were obtained by hand clipping

of areas protected from grazing by means of a wire cage designed by the writer.

(Figure 1.) This cage was 2 ft. x 1.5 ft. x 9 in. and was made by covering a frame

built of angle iron with 2-inch mesh chicken wire. Each time a clipping was made
the cage was removed to a fresh, grazed spot within the plot. In this way, the

condition of continuous grazing of the clipped area was approached. With the

exception of 1930 when a dry August prevented normal late growth of grass,

three cuttings were taken from each sampled plot.

The Amherst pasture plots were handled in a manner somewhat different from

that just described. The dimensions of the original plots on this field were 10 ft. x

10 ft. Later these were subdivided into plots 5 ft. x 10 ft., one of which received

minerals, and the other minerals plus sodium nitrate. The cows were excluded

from the experimental field from the beginning of the growing season until about

the first week of June, when the plots were sampled by the quadrat method. The
cows were then allowed to graze the plots down to the customary' level. Then
they were excluded and the grass allowed to make sufficient growth for a second

cutting, after which the plots were grazed for the rest of the pasture season.

In this way normal pasture conditions were simulated, but not so well as in the

Worcester County experiments.

The treatments were as follows:

Key Pounds per Acre
Materia! Letter

Worcester Amherst

Finely ground limestone L 2400 1740*

Superphosphate (16% P.,0.5) P 480 435

Muriate of potash (48-50% K,,0) K 160 108

Chilean nitrate of soda (15.5-16% N) N 160 193.5

*Amherst Experiment: 2L = .3480 .3L = 10S7o
2P = 1740 8P = 5220
2K= 216 3K= 432

The Worcester experiments received all materials but the nitrate in the fall

of 1929; the nitrate was applied in the spring of 1930, 1931, and 1932. The Amherst

experiment received the non-nitrogenous materials in the spring of 1924 and 1929,

and the nitrate in the spring of 1929, 1930, 1931, and 1932.

Weather Conditions

The mean annual precipitation at Amherst, Massachusetts, was 43.49 inches

for the period 1889-1928. For the same period the mean total precipitation for

the normal pasture season, which includes May, June, July, August, and Septem-

ber, was 19.53 inches. This varied from 3.5 inches to 4.3 inches per month. For

the typical, well-drained, upland pasture soil of Massachusetts a minimum of

about 3 inches of rain a month is required for good growth of grasses and clovers.

If the total falls below 2 inches for any one month, a drouthy condition restrictive

of growth usually results. This occurred in the late summer of 1930. If the
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total rainfall exceeds 6 inches for any one month the beneficial effects of fertil-

izers, especially nitrogenous materials, are likely to be reduced. Trends in these

directions are indicated particularly by the results from Worcester County.

The total precipitation for the period May to September inclusive for the three

\ears under consideration was as follows: 1930, 16.21 inches; 1931, 24.62 inches;

1932, 14.75 inches.

Presentation of the Results

Worcester Experiment

In Table 3 are the yield figures for the Worcester experiments. The mean

increase over the check for each treatment is given in Table 4, with a comparison

of four of the experiments from which the most data were secured.

Table 3.

—

Yield from Worcester Experiments

(Pounds dry matter per .-icre)

Experiment
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Table 4.

—

Mean Increase Over Check, Worcester Experiments

(Pounds dry matter per acre)

All Experiments 1031 and 1932 Experiments

Treatment •

1930 1931 1932 Menn W-l \V-2 VV-5 W-9

L 529 114 202 282 176 405 164 5

L, P 375 237 382 331 32 328 234 597

L, P, K 830 275 814 640 341 418 362 995

N 955 463 526 648 138 478 189 568

L, N 824 828 826 968 933 741 744

L, P, N 854 778 816 818 823 754 1027

L, P, K, N 1545 1016 1114 1225 1457 615 1151 1375

Amherst Experiment

In Table 5 are presented the total yields of vegetation from the Amherst

experiment for 1931 and 1932. The results are quite similar to those obtained

from this experiment in 1929 and 1930 (Experiment C, Bulletin 281) with the

following exceptions. Nitrogen alone was more effective than any other single

element, but did not produce as much as the best combination of minerals.

This improvement in the relative position of nitrogen in the last two years as

compared with the first two, is probably due to cumulative effects of the sodium

nitrate. Aside from any possible cumulative effect of nitrogen itself, there is a

cumulati\e benefit due to the toxic effect of sodium nitrate on haircap moss, and

probably a cumulative effect of sodium on the availability of phosphorus. These

effects are discussed later.

Table 5.

—

Total Yield from the Amherst Pasture Experiment

(Pounds dry matter per acre)

Treatment
No N N

1932

No N N

Increase
Over Check

No N N

Increase Ratio
Due to

N No N:N

K 461 475 15.5 515 308 495 39 226
P 1539 1434 2S5 779 912 1107 643 S3S
1 1401 15.30 251 1090 856 1310 587 1041
L, P 1581 1386 197 6.59 8S9 1023 620 754
P, K 621 1138 94 544 .358 841 89 572
L, K 1657 1485 214 920 936 1203 667 934
L, P, K 1246 1787 267 645 757 1210 488 947

2K 294 9S9 405 1114 .350

2P 3.59 910 447 986 403
2L 70() 1069 308 1184 507
2L, 2P 835 985 839 963 837
2P, 2K 567 1386 314 1391 441
2L, 2K 692 936 619 1362 656
2L. 2P, 2K.... 948 1374 778 2003 863 IISS 594 919

3K 629 1210 283 120S 4.56 1209 187 910
3P 424 1093 234 1040 329 1067 60 798
3L 510 904 243 888 377 896 108 627
3L, 3P 888 1592 230 827 559 1210 290 941
3P, 3K 536 1158 186 533 361 846 92 .577

3L, 3K 1069 1803 .341 1011 705 1407 436 1138
3L, 3P, 3K 2045 2586 571 1012 1308 1799 10-39 15.30

Check 158 1119 3S0 1167 269 1143 874

10.52 81 783
948 134 679
1127 238 858
974 .568 705
1389 172 1120
1149 387 880

187
195
454
134
483
267
450

702
545
620
137
948
493

753
.738
519
651
485
702
491

874

1:1.6
1:1.2
1:1.5

1:1,2
1:2.4

1:1.3
1:1.6

1 -3.0

1:2.3
1:2.2
1:1.2
1:3.1

1:1.7
1:1.4

1 :2.6

1:3.2
1:2.4

1:2.2
1 :2.3

1:2.0

1:1.4

1:4.2
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Nitrogen and the minerals were mutually helpful in increasing yields. With

the smaller amounts of minerals nitrogen increased yields about 50 per cent,

while with the larger applications the yields were more than doubled. Calcium (in

limestone), phosphorus, and potassium alone were generally beneficial, but the

relative position of each in increasing yields is less certain than in the case of

the Worcester experiments. These nutrients were decidedly more effective when
applied in various combinations than when used singh. This is especially re-

flected in the botanical composition of the clippings.

In Table 6 the botanical composition of the clippings is given. The efTect of

nitrogen in increasing the percentage of grasses is evident, although the percentage

of clover remained comparatively high when nitrogen was added to complete

mineral treatments. Combinations containing limestone and (or) potassium

gave the highest percentage of clover. In some cases, particularly with the

heavier applications, the addition of phosphorus further increased the percentage

of clover.

Table 6.

—

Botanical Composition of Clippings from the Amherst Pasture

Experiment, 1931

(Expressed as per cent)
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Further, an interesting observation was made in both the Amherst and Worces-

ter experiments regarding another moss, a small yellowish green species known as

Funaria hygrotnetrica (L.) Sibth. It was observed that this species grew in spots

not covered with other vegetation, on plots which had received moderate applica-

tions of ground limestone or heavy applications of superphosphate. It appears,

therefore, to be indicative of available calcium. Since this moss is very small it

is not expected that it can successfully compete with higher forms of plant life,

and its presence has no practical bearing except as an indicator of available

calcium.

The Question of Phosphate for Pastures

The work on fertilizers for upland pastures, either at Amherst or in Worcester

County, has not indicated as strong a response to phosphorus as has been reported

from some other states. More response has been indicated from the Amherst
experiments than from those of Worcester County. For both these sections, the

case for lime, nitrogen, and potash appears to be fairly well established, at least

for the type of soil and duration studied. Field work of this nature is subject to a

considerable experimental error and, therefore, the tests should be continued and

amplified before final conclusions are drawn. Other soil types should be studied.

The question of the importance of phosphorus for our upland pastures is one

about which considerable discussion revolves. Therefore, special attention was
given this question in this study. As shown in Table 4 a marked difference in

response to phosphorus was obtained in the results from certain fields in W'orcester

County. An attempt was made to correlate the difference in response with certain

physical and chemical characteristics listed in Tables 1, 2, and 7. It was sus-

pected, for example, that phosphorus response might be best on soils of high sand

and low colloidal content because of the low absorptive capacity of such soils.

This appears to hold for experiments W-1 and W-9 but breaks down in a measure

for the other fields. There is even less correlation between phosphorus response

and loss on ignition or organic matter.

Table 7.

—

Phosphorus Relations of Pasture Soils

,
(Calculated on air-dry basis)

Experiment
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0.002 N n.jSO.j is used as the solvent. According to Truog sandy soils should

yield a minimum of 50 pounds per acre of readily available phosphorus for general

farming. By this criterion all these soils are below the minimum limit for phos-

phorus and should respond strongly to applications of phosphates, but with the

exception of W-9, no marked response to this element was obtained in these

experiments. However, VV-1 soil contained only a trace of readily available phos-

phorus, and gave a negative response to phosphates. But in this case, as also

it may be with W-2, the soils showed a comparatively high fixing capacity for

phosphates. Apparently the chemical fixing capacity of soils for phosphates is

fully as important as the amount of readily available phosphorus in determining

their response to phosphatic fertilizers. It is interesting to note, and is probably

significant from a diagnostic standpoint, that of the four Worcester soils studied

in detail the two that showed a positive response to phosphorus also showed the

lowest fixing power.

Phosphates soluble in N/5 H2SO4 were also determined by a modification of

the method used for the readily available phosphates, and are indicated in Table 7

as pounds of difficultly available phosphorus per acre. This represents the native

phosphorus that may be expected to become available through a long period by

the natural weathering agencies. These figures, together with such chemical

analyses as have been made indicate that the soils of Massachusetts are well

supplied with native phosphates. In 194 miscellaneous samples (3) from different

parts of the state the average content of P3O5 soluble in strong acid was 0.214

per cent; of 17 samples from Worcester County 0.25 per cent, or about 2200

pounds of phosphorus per acre of soil to plow depth. The total phosphorus will

exceed this figure by about 25 per cent. But this large quantity of native phos-

phorus is, like the immense store of native potassium in our pasture soils, for the

most part only slightly available to plants.

Midgeley (4) and Weiser (7) studied certain factors affecting the penetration

of phosphates into soils. They showed that the phosphoric acid of superphosphate

penetrated soils more slowly than did that of certain other carriers, notably sodium

phosphate. These writers (5) called attention to "positional" and "chemical"

fixation of phosphoric acid by soils. Positionally fixed phosphoric acid is in a

readily available form, but largely unavailable to plants because it remains in

the surface layers of the soil and, therefore, out of reach of most of the roots.

Chemically fixed phosphoric acid is unavailable to plants by reason of its having

entered into difficultly soluble chemical combinations. That both positional and

chemical fixation of phosphates seem to have been high in Amherst pasture soil is

indicated by the figures of Table 8. For example, on p!ot-2P 243.3 pounds per acre

of phosphorus were applied in the course of 8 years, but only 108 pounds were

found in a readily available form in the first 4 inches. With a reasonable allow-

ance for available phosphorus originally in the soil and that removed by the

crop, it appears that about 31 per cent of the applied phosphorus was positionally

fixed, and 69 per cent chemically fixed. This latter figure compares favorably

with the 75 per cent of chemical fixation given for soil H-15 in Table 7.

It may be noted, however, that even with the comparatively large amounts

of available phosphorus from the 2P and 3P treatments, the growth of vegetation

was low, averaging only 403 and 329 pounds for these treatments respectiveh-,

for the years 1931 and 1932; but when nitrogen was added to the phosphorus

treatment the yields were more than doubled. It appears that even if sufficient

available phosphorus is present in our upland pasture soils, deficiencies of other
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nutrients, especially nitrogen, may limit growth. This statement applies par-

ticularly to vegetation composed mainly of grasses. As shown by the data, in

good "clover years" white clover may grow luxuriantly on plots receiving only

minerals (L, P, K); but, as shown in an earlier bulletin (1) "clover years" are

irregular and uncertain in occurrence, and not understood as to cause.

The effect of lime in increasing the ready availability of applied phosphorus is

shown by the data of Table 8. This is especially well shown by the 2P and 3P
treatments in comparison with the same treatments plus lime. No doubt, one of

the principal benefits of lime in pasture improvement is this effect on availability

of phosphorus.

Table 8.

—

Effect of Phosphate and Lime Applications on Amount of

Readily Available Phosphorus in the Amherst Pasture Soil*

Pounds Available P per Acre
Air-dry Soil

First 4" Second 4"

P 56 36

P, L 42 42

2P 108 56

2P, 2L 166 110

3P 232 78

3P, 3L 392 208

*Method of Truog.

The recent publication of Brown (2) shows that fertilizer nitrogen (nitrate of

soda and other carriers used) and lime, independently of each other increased

the effectiveness of phosphorus; nitrogen more than lime. Midgeley (4) showed
that sodium nitrate greatly increased the penetrability of phosphorus in soils.

A determination of readih' available phosphorus in soils which received no nitrate

and the corresponding treatment with nitrate, Amherst experiment, showed
slightly more available phosphorus in the nitrated plots. More phosphorus was
removed from the nitrated plot in its larger crop. There is therefore, some evidence

from this experiment that sodium nitrate is of considerable indirect value because

of its effect on the axailability of the phosphorus.

Summary

Results of top-dressing with chemical fertilizers experimental fields on two
soil types are reported in this bulletin. The principal results are as follows:

1. In the Worcester experiments, with the exception of phosphorus, the

effects of the different added nutrients were mainly cumulative.

2. The net mean increase due to phosphorus was 20 pounds dry material;

to potassium 343 pounds; to nitrogen 556 pounds; and to calcium (as limestone)

230 pounds per acre.
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3. In the Amherst experiments nitrogen was more effective than an\- other

single element, but was not so effective as the best combination of mineral elements.

Nitrogen and minerals were mutually helpful in increasing yields.

4. Certain combinations of minerals, especially those containing limestone

and (or) potassium, were effective in increasing the proportion of white clover

in the vegetation. In some cases, particularly with heavy applications, the

addition of phosphorus further increased the proportion of clover.

5. The previously noted toxic effect of nitrate of soda for haircap moss
(Polytrichum commune L.) was corroborated by the Worcester experiments, and
it was observed that a small, yellowish green moss {Funaria hygrometrica (L.)

Sibth.) grew especialh' well on bare spots of limed soils or heavih' phosphated

soils.

6. An attempt was made to correlate phosphorus response with certain

physical and chemical characteristics of soils. Readily available phosphorus and

the fixing capacity of the soil for phosphorus were factors. Little direct relation

was noted between phosphorus response and colloidal content, organic matter,

and loss on ignition.

7. It was shown by chemical analysis that large amounts of applied phosphates

were both "positionally" and "chemically" fixed in the pasture soils studied.

8. It was shown that many Massachusetts soils contain comparatively large

potential supplies of native phosphorus, but in a form only slightly available.

9. Further, it was shown that even if from heavy fertilization large amounts

of readih' available phosphorus were present in the soil, other nutrient deficiencies

may limit the growth of pasture plants.

10. Lime increased the amount of readily available phosphorus in soils treated

with phosphates. There was some evidence that nitrate of soda, also, increased

the availability of applied phosphates.
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BREEDING FOR EGG PRODUCTION

By F. A. Hays, Research Professor, and Ruby Sanborn, Research Assistant,

in Poultry Husbandry

In a study of the mode of inheritance of high fecundity, Rhode Island Reds

have been bred experimentally at the Massachusetts Agricultural Experiment

Station for a period of twenty-one years. The data presented in this report

cover the birds hatched from 1913 to 1932, inclusive, and are based very largely

on pullet-year records.

A number of significant discoveries related to the inheritance of fecundity

have been made from time to time as this experiment progressed and these have

already been reported. This report summarizes the methods of breeding and the

results accomplished up to the present time and may serve in a measure as a guide

to poultry breeders.

The General History of the Flocki

The initial flock consisted of 144 single-comb Rhode Island Red pullets pur-

chased in the fall of 1912. The major portion of the birds came from one prom-

inent exhibition flock and the remainder from another well-known exhibition

flock. These pullets were housed in two units and trapnested throughout the

year. The original records include date of first egg, hour of laying, broody records,

nesting records, and sickness or injury notes, together with egg records to March
1 and for 365 days from first pullet egg.

The males used to produce the first generation in 1913 came, with one excep-

tion, from the same breeding farm as the major portion of the original females.

The generation produced in 1914 was sired largely by the original males or their

sons, but in addition four outside males from different sources were used for

breeding. The results obtained with the generations hatched in 1913 and 1914

were not considered satisfactory because the birds were lacking in vigor. For

this reason, ten outside males from widely different sources were used for breeding

in 1915, besides a few of the foundation males and a number of their sons. Since

the breeding season of 1915, outside stock has not been used in this experiment.

Since 1920 all males used as breeders have been found to trace back exclusively

either to one original male used in 1913 or to one outside male introduced in 1915.

The first generation of offspring was hatched in 1913 between March 25 and

May 15, at weekly intervals. The same hatching dates with eight weekly

hatches have been maintained through 1932. The method of feeding and man-

agement has been changed only gradually to conform to modern developments.

Artificial methods such as confinement rearing have never been employed,

the chicks when taken from the incubators being placed in 6 X 6 colony brooder

houses heated by kerosene brooders up to 1917; after 1917 in 10 X 12 colony

brooder houses heated by stoves. Up to 1921 pullets were regularly housed

when about six months of age in units of about 100. Beginning in 1922, pullets

'The experimental work reported here was planned and directed by H. D. Goodale from 1912

to 1922. Since 1922 the work has been carried on by F. A. Hays. .
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were housed in units of 250 at the new experimental poultry- farm. Artificial

lights have never been used.

Modern methods for disease control, such as range rotation, complete separa-

tion of growing and adult stock, and cleaning and disinfecting of houses and

equipment, have been regularly employed. For many years all birds have been

tested yearly for pullorum disease, and in recent years chicken-pox vaccination

has been practiced regularly either at housing time or on the range at about

twelve weeks of age. Up to the fall of 1926 all birds in the laying houses were

self-fed laying mash in hoppers and grain twice daily in the litter. On November
19, 1926, self-feeding whole corn, oats, and laying mash was begun.

The Qualities of an Improved Flock

In general, an improved flock should consist of birds very uniform for all the

known desirable characters from the standpoint of fecundity; the birds should

be free from standard defects; there should be very high hatchability, low mortal-

ity, and a high degree of prepotency.

An ideal hen should possess the following qualities: Standard weight; earl\-

sexual maturity; high intensity; no winter pause; non-broodiness; high persis-

tency; large egg size; first quality color, shape and shell texture of eggs; high

hatchability; strong vigor; trueness to breed standard; and prepotency. When
these requirements are considered individually in view of what is known regarding

their inheritance, the fact becomes very evident that the development of an

improved flock possessing all the desirable qualities is a gigantic undertaking

requiring large numbers of birds, careful observation, complete records, and a

knowledge of genetic principles involved. The measure of success in poultry-

breeding is the degree of uniformity in the flock with respect to all the characters

bred for.

The Plan of Breeding

The description of the plan of breeding may logically begin with the method

of selecting breeders. Since the male contributes to the inheritance of a greater

number of offspring than does the female, his selection may be considered first.

Males have been selected in part each year by three different standards. Aged

males that were physically fit and that had sired a superior group of daughters

were used, and satisfactory matings were repeated as far as possible. Cockerel

breeders were selected each year both on their pedigree and on the performance

of their sisters with respect to characters affecting fecundity up to the breeding

season. Each male was selected on ph\sical characters as far as available birds

permitted. In the earlier years not much attention was paid to plumage color

or to physical defects in comb, shank, feathering, split wings, etc. During the

past five years great care has been exercised not to breed from either males or

females with physical defects, and some attention has been given to improving

plumage color.

All hen breeders were selected on their fecundity characters and on the per-

formance of their daughters. Pullet breeders were chosen on pedigree and on

their performance up to the breeding season. Heavy body weight has always
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been emphasized. Each year a surplus of pullet breeders has been placed in the

rnating pens in order that the offspring from such as proved unsatisfactory in

hatchability, in egg character, in broodiness, or in lack of persistency might

be discarded.

After the discovery that five specific characteristics were associated with

high fecundit\-, the method of breeding was directed toward the establishment

of these in the entire flock. The characters bred for were early sexual maturity,

high intensit>, no winter pause, non-broodiness, and high persistency. The
early efforts were directed toward establishing early sexual maturity by the

selection of female breeders that began to lay at an early age, and this standard

has been rigidly adhered to. Efforts were next made to reduce broodiness through

the use of non-broody females or females with a low degree of broodiness for

breeding. High intensity was the third character sought for, and was established

in the flock by one hen, B785, hatched in 1917 and used first for breeding in 1918

and again in 1919 and 1920. Seven of the daughters of this hen and one son were

also used. Efforts to eliminate winter pause entirely followed the establishment

of high intensity. Breeding females were selected as far as possible that showed

no cessation of production between November 1 and March 1. The last character

to be established was high persistency. Selection of breeders for this purpose

was based on ability to lay late in the fall before undergoing annual molt.

Throughout the experiment attention has been given to high hatchability,

and during the past five years special attention has been given to egg size and egg

character and to mortality rate as well as to the elimination of physical defects

and to the improvement of plumage color.

All matings made since 1913 have been pedigree matings, and a complete

hatching record has been kept of all eggs set. Infertile eggs were removed on

the fifth day. All eggs carrying dead germs were removed on the fifth day or

on the eighteenth day, broken, and the embryos checked. Eggs were placed

in pedigree baskets on the eighteenth day and the chicks taken out on the twenty-

second day. All remaining unhatched eggs were then broken and the embryos

examined. Chicks were banded from the incubator using No. 3 pigeon bands

placed around the leg and transferred to the wing at two weeks of age to serve

as the permanent number of the bird. Sexes were separated at about eight

weeks of age, and pullets placed in the laying houses according to hatching date

at about 150 days of age. Complete pullet families were housed, except crippled

or diseased birds.

The Changes in the Average Character of the Flock

Progress in breeding for particular characters can best be measured by averages

from year to year, provided the number of birds concerned is sufficiently large to

be respresentative. In Table 1 are presented the averages for a considerable

number of characters throughout the experiment. The table includes only birds

bred for high fecundity in the flocks hatched from 1916 to 1932. Annual records

are not available on the flock hatched in 1919 because the birds were disposed

of after the hatching season on account of disease and parasites.

The table shows that early sexual maturity was rather well established in the

1917 flock, and that the fluctuation in mean age at first egg has ranged from 185

to 212 days in a 16-year period. The fact should be stated that the mean age at

first egg of the 1913 flock was 255.61 days.
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Each pullet was weighed on the day she laid her first egg. The table shows

that this mean weight has not fluctuated widely throughout the experiment and

that the birds hatched in 1932 were slightly heavier than any other flock except

the 1916 flock. This latter flock owes its greater weight to a greater age as Hays

(1933a) has pointed out. The data in general indicate that breeding for high

fecundity has no significant effect on body weight at first egg.

The nature of winter pause is fully discussed in a later section of this report.

The table shows that the percentage of birds showing a winter pause of four or

more days has fluctuated from a minimum of 35.05 in 1921 to a maximum of

80.77 in 1925. During the last five years there is some progress apparent in

eliminating the trait, but on the whole this character has not responded well to

breeding methods used.

Intensity-, measured by winter clutch size, shows a highly significant improve-

ment. This is especially noticeable during the last six years, during which winter

clutch size has been used as the sole measure of intensity in the selection of

breeders. The mean clutch size in recent years shows that the majority of the

birds carry both genes I and I' for large clutch size.

Broodiness is measured by the percentage of birds broody the first year, by

the mean number of broody periods for broody individuals, and by the mean
length of broody periods. The data show clearly that broodiness may be greatly

reduced by selection of non-broody breeding stock. In the flock of 1916 slightly

over 86 per cent of the females became broody in the first laying year, while in

the 1932 flock 11.7 per cent exhibited the trait. Quantitatively broodiness as

measured by the number of broody periods per broody individual has decreased

from an initial mean of 3.5 periods to a mean of 2.1 periods. The mean length

of broody periods, measured by the non-productive time interval, remained

unchanged throughout the experimental period and ranged very close to 15

da\'s.

Annual persistency within a 365-day laying year has increased significantly

during the experimental period. The mean initial persistency was about 248

days, and the mean persistency at the close of the experiment about 340 days.

The most notable progress since 1920 has been made during the last five years.

This increase is due in large measure to the more rigid selection of breeders for

greater duration of laying and to the use of more aged breeders with greater

length of biological laying year. This latter basis of selection is very effective

according to Hays and Sanborn (1933).

Mean annual egg production stood at about 134 eggs in 1916. It increased

rather rapidly to 200 eggs in 1920. The production then remained at the 200-egg

level for five years. Beginning with 1925, the trend has been upward to the

highest mean of 234 in 1931. Production has not advanced a little each year

but has increased by rather abrupt advances at intervals accompanying the

establishment of a desirable character in a large percentage of the flock. Atten-

tion is called to the fact that these egg records represent the mean of all normal

birds in each family that lived to complete a 365-day record, and that no culling

was done during the laying year.

Mortality in the laying houses has varied widely throughout the period re-

ported. The records do not show that mortality has increased as the breeding

work progressed and as the egg production level was raised. Records during the
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last eight years, in the absence of specific disease outbreaks, have fallen as low

as 15 per cent in only one year. Experience and observation indicate that a

laying-house mortality above 15 per cent is excessive. It is probable that selec-

tion of breeders for low family mortality has not been rigid enough because of

efforts to establish other desirable characters. Another possibility is that, since

no outside stock has been introduced since 1915, the flock may be restricted to

too close relationships even though inbreeding has been avoided. There is no

experimental proof to support this possibility, however.

The last double column gives the mean percentage of fertile eggs hatched,

together with the number of females used (in parentheses). Hatchability has

improved very slightly during the whole period. It seems probable that more

attention should be given to this character in the selection of breeders.

The Relation Between Fecundity Characters and Egg Production

Goodale and Sanborn (1922) pointed out that there are five prominent character-

istics that tend to increase the annual egg production of Rhode Island Reds.

These characters are early sexual maturity, high intensity, no winter pause, non-

broodiness, and high persistency. Hays (1924 and 1927) showed that these

characters are inherited and that a total of eight genes is concerned. If the

five characters are considered as units, there are thirty-one types of birds each

representing a different combination of the five. There are five types of individ-

uals each carrying one of the five desirable characters; ten t}pes, each carrying

two desirable characters; also ten types, each carrying three desirable characters;

five types, each carrying four desirable characters; and one type having all five

desirable characters combined. A rough measure of the degree of improvement

in the flock for egg production would be the percentage of birds combining either

four or five of these desirable characters. Table 2 shows that the average egg

record of birds increases as the number of desirable characters increases. The

table includes 2300 birds hatched from 1928 to 1932.

»

T.\BLE 2— Rel.\tion of Number of Desirable Characters to

Annu.al Production.

Number of

Characters
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the mean production about 25 eggs, so that the group having all five desirable

characters averaged to lay 252 eggs a year.

The rate of progress in establishing these characters in the flock during the last

five \ ears is rather definitely indicated by the percentage of birds in the different

groups. The classes showing three and four of the desirable characters make up

59.34 per cent of the entire population. The classes having two of the characters

and those hav-ing all of the characters are equally represented with about 16

per cent. Theoretically the flock is improved only to the extent of about one-

sixth of what may be anticipated, for there is no known reason why 100 per cent

of the birds cannot carry all five desirable characters. There are at present

65,496 geneticalh' different classes of birds in the flock with respect to the five

characters considered. This fact shows why progress is slow in establishing char-

acters in a small flock, and it is very evident that little progress can be made in

flocks consisting of fewer than 500 individuals.

Early Sexual Maturity

Unpublished data show that the regression of annual egg production on age at

first egg is not strictly linear and that the correlation ratio shows a value of .6056 ±
.0112. Hays and Sanborn (1927b) have shown, however, that the net correlation

between age at first egg and annual egg production is insignificant and that early-

maturing birds generally lay more eggs only because they tend to be more intense

la\ ers and are generally more persistent.

Even though early sexual maturity' in itself is not essential to high annual

production, its association with other essential characters gives it a high value

as a selection unit in production breeding. This character was the first to be

selected for in this experiment, was reasonably well established first in the flock

hatched in 1917, and has behaved with a high degree of constancy up to the

present time.

Early maturit\- behaves in inheritance as a dominant to late maturity as Hays

(1924) showed. Two independent dominant genes, 2 E and E', are concerned,

either of which will enable pullets to begin la\ing at 215 days or less. Gene E
is sex-linked and is transmitted by males to both sons and daughters and by

females to their sons alone. Gene E' is autosomal and is transmitted equally

b>- both parents. No cumulati\e eff^ect has been discovered for these genes. .

High Intensity

High winter intensity (large clutch size) is an inherited character that has a

very significant effect on annual egg production. Winter clutch size was shown

by Hays and Sanborn (1927a) to be significantly correlated with production,

giving a value of -|-.3544 + .0117. The same workers (1932) showed that the

regression of annual production on winter clutch size is non-linear, giving a

correlation ratio of .4214. Ha}S and Sanborn (1927b) found the net correlation

between winter clutch size and annual egg production to be +-4944 + .0101

which shows clearly that high intensity is essential to maximum egg production.

2In genetic terminology capital letters stand for dominant genes and small letters for recessive

genes. Individuals are said to be homozygous for a gene when they carry two doses as HH or hh

and heterozygous when they carry two different genes as Hh. The first class of individuals breeds

true for the character in question—they are prepotent. The second class gives two types of off-

spring, one carrying H and one carrying h, in equal proportions. The same general principles

apply to other genes discussed in this report.
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The mode of inheritance of intensit> has been reported by Hays and Sanborn

(1927b). Two dominant genes I and I' are concerned. Hens carrying gene I

alone ha^•e an average winter clutch size greater than 2 but less than 2.6. Gene
r gives a clutch size of about 2.6. Both genes together increase the clutch size

up to 3 or more eggs throughout the winter season. There is no sex linkage for

clutch size. Improvement in clutch size has been made possible through the

use of breeding stock showing the ability to la\" large numbers of eggs in succession

throughout the winter season. The minimum winter clutch size for breeders

should be 3 eggs, and males should be constanth selected for the ability to trans-

mit large clutch size to their daughters.

l]'i)iter Pause

Winter pause or the cessation of laxing for four cr more da>s between Novem-
ber 1 and March 1 of the pullet year reduces the number of eggs laid in a year.

The simple correlation between length of pause and annua! production is re-

ported bj" Hays and Sanborn (1926b) to be — .2107 + .0176, and the net cor-

relation was given as — .5487 + .0128 (Hays and Sanborn, 1927b). The fact

is very evident, therefore, that the appearance and duration of the pause exercises

a very significant influence on the number of eggs laid.

The data from this station point rather definitely to both inheritance and

environment as responsible for winter pause. There is very great difficulty in

separating the two causes, and this retards progress in eliminating pause from the

flock. The fact that, in full sisters hatched on the same date and housed together,

some exhibit pause and some lack it, rather strongly suggests that inheritance

is concerned. Furthermore, the average duration of pause per family has been

reduced b> selection even though the proportion of birds without the four-day

pause has not significanth- changed during the last twenty years. There appears

to be one dominant factor M concerned in hereditary pause, as Hays (1924)

points out. The logical procedure in eliminating this character consists in the

constant selection of pause-free breeders and in hatching and housing under

optimum conditions at all times.

Broodiness

Brood\' periods represent periods when production ceases. On the average,

each broody period occasions a loss of about fifteen days of egg production.

Hays and Sanborn (1926a) reported that, of the original flock hatched in 1912,

89.6 per cent were broody during the first la\ing year. As the experiment has

progressed the percentage of brood\' birds has greatK' decreased, reaching a mini-

mum of 11.7 per cent in 1932. Along with the decrease in percentage of broody

birds there has occurred a high reduction in number of broody periods per broody

individual. For example, the 1913 flock averaged 5.4 periods per individual

broody bird, while the 1923 flock averaged but 1.9 periods per broody bird.

Hays (1933b) presents definite experimental evidence showing that degree of

broodiness measured by number of broody periods depends on inheritance.

The presence of broodiness has been shown by a number of workers to greatly

reduce egg production. Jull (1932) reports that 494 non-broody Rhode Island

Red birds averaged 204.78 eggs, compared with 179.65 eggs for 477 broody

birds. Ha\s (1933b) reported that 267 birds in a non-broody line averaged

209.81 eggs, while 259 birds in a broody line averaged 179.02 eggs. The net
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correlation between days broody and egg production in the pullet \ear is —.5630

±.0097 in the station flock.

Broodiness is inherited on a two-factor basis according to Goodale, Sanborn

and White (1920). Two dominant complementary genes, A and C, are necessary

to produce broodiness. There is no evidence of sex linkage, and non-broody

birds are of three general classes: (1) those lacking both A and C; (2) those

carrying A and lacking C; (3) those carrying C and lacking A. Classes 2 and 3

are very troublesome to the breeder because such females, though not exhibiting

broodiness, will produce broody offspring if mated with males carrying the gene

that they lack. This is one of the chief reasons why broodiness has never been

completeh" eliminated from any flock. Another obstacle in eliminating broodi-

ness lies in the problem of deferred broodiness. In such cases the instinct may
not appear in many females during the first or second laying years. This fact

renders an accurate progeny test of males almost impossible with the American

breeds.

A constructi\e breeding program calls for the constant use of non-broody

hens for breeding and the use of progeny-tested males to the greatest extent

possible.

Persistency

Persistency- at the close of the pullet laying year has been shown by Hays and

Sanborn (1927b) to be the most important inherited character affecting annual

egg production. The net correlation between length of la\ing year and annual

production is -(-.7501 +.0063. This fact indicates that more than 56 per cent

of the variation in annual egg records is due to differences in persistency. Hays
and Sanborn (1933) have pointed out further that persistency higher than 365

days is desirable in breeders from the standpoint both of increasing egg production

and of reducing mortality in daughters.

Hays (1927) has presented some evidence concerning the mode of inheritance

of high persistency. His data indicate that high persistency depends upon one

dominant autosomal gene, P. According to this report the dividing point

between birds genetically high and low in persistency lies at about 315 days from

the first pullet egg. In breeding for persistency, no females laying for a shorter

period than 315 days should be used for mating, and male breeders should carry

an equally good or superior inheritance for persistency.

The Hatchability Problem

Extensive experimental observations by many investigators indicate a wide

range in percentage of fertile eggs hatched b\' different birds. Experience also

furnishes evidence that constant selection for high hatchabilit\' is necessar\' in

improved flocks in order that hatchability may not decline. Experimental

workers are agreed that hatchability is an individual trait depending upon both

inheritance and environment.

Egg size does not affect hatchability as Jull (1932) shows from his own studies

as well as from the work of other investigators. The physical characters of eggs

such as shape and shell texture do not influence hatchability if the eggs are nor-

mal. On the basis of these facts, the selection of hatching eggs for size and

physical characters does not seem to have any significant effect on hatchability.
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Age of birds used does not consistenth' affect hatchability. Hays (1928)

presents some evidence that for identical matings there is a slight increase in

hatchability of \earlings compared with pullets. When different groups of

pullets, yearlings, and old hens are compared for mean hatchability, the station

records from 1924 to 1931 show the following means: 65 per cent for pullets, 75

per cent for yearlings and 65 per cent for old hens. In the experiment station

flock there is, therefore, some evidence indicating that females are likeh to hatch

the highest percentage of fertile eggs during their second la\ing >ear.

The most potent factors affecting hatchabilit}' are inherited factors, according

to the work of Hays and Sanborn (1924). They have clearly demonstrated that

the hatching record of a hen depends largely upon her inheritance and upon the

character of the male to which she is mated. In other words, the embryo's

inheritance from its sire and dam either equips or fails to equip it to emerge

normally from the shell.

Studies at the Massachusetts Station indicate that one major gene, H, is

concerned in high hatchability. This gene is transmitted equally b\- males and

females and has a cumulative effect. The three general classes of birds with

respect to hatchability are: (1) HH birds which, if mated to either HH or Hh
males, give hatching records of 85 per cent or more; (2) Hh birds which usually

have a hatchability range from 55 to 84 per cent and may produce no hatchable

eggs; and (3) hh birds which generalh- range in hatchability from to 54 per cent.

Females that have shown a hatchability of 85 per cent or more are HH in genetic

make-up, and breeding birds should always be selected on this basis. Males

should be chosen on the hatching record of their female ancestors and insofar as

possible upon the actual hatching records of their daughters.

By giving some attention to hatchability in the station flock, the mean has

been raised from about 58 per cent in 1914 to a maximum of about 82 per cent

in 1933. A portion of this increase may be attributed to improved incubation

facilities, but in general there has been an upward trend under the same s>stem

of incubation. Attention should be called to the fact that all eggs have been

pedigree hatched which necessitates considerable extra handling and exposure

to temperature changes and has been shown to lower the hatching records from

10 to 15 per cent over ordinary incubation in this flock.

The Vigor Problem

High vigor in a production-bred flock may be defined as the ability to live and

produce heavily for a long period of time under intensive conditions. Records

of the mortality rate in families on the growing range and in pullets in the laying

houses show striking differences between families. It is a reasonable assumption

that the great proportion of these losses come from lack of vigor, because diagnos-

tic records show the flock to be relatively free from specific disease outbreaks.

The flock has been free from pullorum disease for man\- years, and pox and

roup have been controlled by vaccination. Coccidiosis has been held in check

by a four-year range rotation and by quarantining against visitors or caretakers

of adult fowls.

From October 1, 1932 to September 30, 1933, complete post-mortem records

were made by the Department of Veterinary' Science on all pullets of the experi-

mental flock hatched in 1932. The records begin at the time the birds were
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housed and continue for one year. The causes of mortalit}' have been grouped

into fourteen general classes, and the original number of pullets housed was 751.

Per cent

Ruptured or obstructed oviduct 2.53

Ruptured egg yolks, peritonitis 1 . 33

Tumors 2 . 93

Worms : 1.86

Leukemia 3 . 20

Visceral gout, nephritis 2.26

Impaction 1 . 20

Paralysis 2 . 66

Chronic coccidiosis 27

Prolapsus 93

Cannibalism 6.79

Injury 67

Miscellaneous 4.13

No recognized cause 9 . 99

Total loss 40 . 75

Examination of these records does not point to an>' specific diseases as pre-

dominant causes. The greatest percentage of birds died from miscellaneous

causes not common in the flock. Almost 10 per cent of birds showed no specific

cause on post mortem. Leukemia, tumors, parahsis and ruptured or obstructed

oviduct appear as most potent specific disorders in the flock. The loss of 6.79

per cent from cannibalism cannot be due to lack of \'igor but is probably due

entirely to faulty management.

From the standpoint of breeding to reduce mortalit}-, the logical procedure is

to select breeders from families with the lowest mortality. Neither breeding

males nor breeding females should be used from families with a greater mortality

than 10 per cent between hatching and housing in the fall. The yearly mortality

in pullet families in the laying houses should not exceed 15 per cent including

those culled. The mortality from housing time in the fall tip to the breeding

season in February or March should not be greater than 5 per cent.

The Influence of Inbreeding

Inbreeding is a useful tool of the breeder in securing uniformity because the

mating of closely related individuals tends to increase homozygosity. This

method of breeding has been extensively used in developing new breeds and

varieties where the chief concern is uniformity in type and plumage character

and color.

Inbreeding in production-bred flocks has not gi\'en encouraging results accord-

ing to the work of a number of investigators. Dunn, Hays, Dunkerly and Jull

have all reported that inbreeding decreases egg production. Extensive studies

by Hays (1929b) show the following undesirable results from inbreeding Rhode

Island Reds: sexual maturit>- was retarded, winter pause increased, intensity

lowered, persistency lowered, egg production decreased, fertility lowered, hatch-
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ability decreased, and vigor reduced. No significant gain in uniformity of

annual egg production was observed under inbreeding. The deduction is made
from these studies that only flocks made up of very diverse foundation stocks

will tolerate inbreeding. As a rule, for ordinary improved flocks, much greater

progress will be made by selection on the basis of individual fecundity characters

and the avoidance of matings closer than cousins in the ilock.

Breeding For Egg Size

Egg size depends indirectly upon a great many inherited characters. Some
of these characters are age at first egg, body weight at first egg, and intensity

of laying. Hays (1930a) showed the correlation between age at first egg and

mean egg weight to January 1 to be +.4280 + .0148 in Rhode Island Reds.

The correlation between body weight at first egg and egg weight to January 1

was +.4314 + .0147. Hays (1930b) presented evidence that egg size is not

linked with either factor for early sexual maturity and this fact suggests that the

reason why there is a significant correlation between age at first egg and winter

egg size is due to the direct relation between age and weight at first egg. Hays
(1930b) demonstrated a specific linkage between gene A for small egg size and

gene I' for highest intensity. In view of these findings, it is evident that poultry-

men should take great care in selecting breeders for high intensity that they do

not carry the gene for small egg size.

Parkhurst (1933) reviews the effect of nutrition on egg size and shows that in

general either inadequate food supply or lack of proper protein in the ration may
reduce egg size. Parkhurst's data indicate that birds fed rations deficient in

vitamin D lay small eggs, that the addition of milk to the ration increases egg

size, but that minerals added to the ration do not afTect egg size. The differences

observed in egg size in all cases are rather small.

A number of workers including Jull, Parkhurst, and (according to Jull, 1932)

Atwood and Clark, Thompson, Asmundson, and Marble present data indicating

that egg weight and number of eggs laid in a year are independent entities. But

the experience of breeders of heavy laying flocks indicates rather universally

that egg size will decrease as the mean production of the flock increases unless

careful attention is given to egg size. Hays (1929a) pointed out that very heavy

winter laying in Rhode Island Reds is accompanied by small egg size. A number

of other workers including Lippincott, Jull, and Parkhurst report that early

sexual maturity, which is related to annual egg production, is associated with

small egg size. Hadley and Caldwell, Atwood, Jull and Rynehart have sub-

stantiated the findings with Rhode Island Reds at this station — that heavy

body weight is associated with large egg size.

In considering the question of breeding for large egg size, it becomes necessary

to lay down certain standards for egg size. Hays (1929a) has assumed that

pullet eggs weighing 56.7 grams each or 24 ounces to the dozen in February are

satisfactory. On such a basis all eggs laid the first year will average about 23.5

ounces per dozen. Egg weight in such birds will increase about 7 per cent in the

second laying year, or from 1.5 to 2 ounces per dozen.

Working on this basis, Hays (1929a) has reported two major genes as largely

responsible for the differences in egg weight. Gene A produces an egg size in

February of considerably less than 24 ounces per dozen; gene B alone gives an
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egg weight of 24 ounces or more; when genes A and B are present in the same

individual, the egg weight in February falls below 24 ounces. There are thus

three general classes of birds with respect to egg size. The A class may lay 22-

ounce or smaller eggs, the AB class will approximate 23 ounces, and the B class

will lay eggs weighing 24 ounces or more. The breeding problem lies in the

constant selection of pullet breeders laying 24-ounce or heavier eggs and yearlings

laying 25.5- to 26-ounce eggs, and the constant use of males carrying the in-

heritance for large egg size.

The Selection of Superior Males

Selection of superior males for breeding has always been a troublesome problem.

The reason is evident, because there are no measures of the male's performance

w^ith respect to the characters affecting egg production. Young males are

selected either on the performance of their female ancestors or on the partial

records of performance of their sisters. In the light of the many genetic factors

concerned, it is evident that either method is very unreliable. Aged males may
be selected on the performance records of their daughters, and satisfactory matings

should be repeated. Even though progeny-tested males are used as far as possible,

the system requires that at least three times as many males be used as cockerels

each year as will be required for breeding when three years of age because of high

mortality in males. Males must be at least three years of age before the fecundity

records of their daughters are known. This fact greatly limits the use of this

method with the medium breeds where the reproductive life of males is relatively

short.

Since complete progeny testing has such pronounced limitations, a system

of partial progeny testing has been suggested by Warren (1932). He recommends

that cockerels for breeding be selected from families where the sisters show such

desirable characters as early maturity, high intensity, etc., early in the season.

This method is of some value in selection but falls far short of being an accurate

method.

Unpublished data from the Massachusetts Experiment Station flock of Rhode
Island Reds show that during the past five \ears only 3 (5 per cent) of the 60

males used have raised the mean egg production of the daughters over their

dams. These males were mated to females laying from 226 to 250 eggs during

their pullet year. Since the average egg production of birds in this experiment

is 235 eggs, such dams are truly representative.

The method of evaluating males for breeding purposes which the authors

believe to be genetically sound is based on the relative proportions of early-

maturing, non-pause, highly intense, non-broody, and highly persistent daughters

produced by the males compared when mated to females carrying these charac-

ters. Thus individual males may be directly compared in their abilit>' to transmit

any or all of these five characters which are so vitally related to high production.

By this method it is possible to use partially tested males with considerable con-

fidence when they are two years of age rather than to wait until the male is

three years of age. This method of selection has proved superior to any other

method used to fix the five high fecundity characters in the flock. Under all

conditions males can be compared on the progeny test only when each is mated

to the same character of females.
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The Introduction of Outside Stock

From the genetic standpoint almost an>- flock of birds is very heterogeneous,

especially with respect to genes concerned in the inheritance of high fecundity.

The fact has already been pointed out, however, that close inbreeding is detri-

mental to increasing the egg production as a rule. The method of improving
the station flock has avoided inbreeding; at the same time, there has been no
outside stock introduced since 1915. Under this system of breeding there arises

a high degree of relationship which may eventually produce the same effects as

close inbreeding. Limited experimental studies on the value of introducing

outside production-bred males have given negative results so far.

Practical breeders desire to know how long they may continue breeding within

their own flocks and what specific developments indicate that outside stock

should be introduced. In answer to these question, experience here tends to

show that there are two specific indications that new blood may be beneficial.

(1) If hatchabiiity is on the decline e\en though incubation methods are good and
attention is given to hatchabilit\ in selecting breeders, it is probable that the

stock is too closely related. (2) If there is excessive mortality in the families

on the range and in the pullets during the first laying year from no specific disease

outbreaks but largely from many functional disturbances, this is evidence of

close relationship. Close inbreeding very often produces low hatchabiiity and
late sexual maturity as well as lack of persistencx

.

When there is evidence that outside stock is needed, it is especially important

that such stock should be selected from flocks bred s>steniatically for the charac-

ters being sought, and that the birds should be free from undesirable defects.

Probably the most satisfactory procedure is to obtain pedigreed hatching eggs

from two or three different sources and to hatch and rear the chicks with the

regular flock. Pullets may then be housed with the home flock and trapnested

until the hatching season to obtain some evidence of their behavior under existing

conditions. Preliminary crosses can be made between those families that appear

to be satisfactory, and the off^spring checked against the home flock. Crossing

should not be undertaken on too large a scale until there is evidence of its value,

yet numbers should be sufficiently large to give a true measure of results.

The Types of Records Kept

One of the essentials in a successful breetling program is a complete and accurate

system of records. Such records should be kept up to date and should be con-

stantly used as a guide to the breeder. Trapnesting and record keeping are

expensive and are of little value unless the records are studied and analyzed

regularly. The two greatest essentials of a good set of records are simplicity and

completeness.

The record forms used for the experimental flock are rather complete and are

presented here not as suitable for conmiercial flocks, but rather as suggestive

material to guide the breeder. It is easily possible to modify and combine

these record forms to reduce labor and \et meet practical needs.
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Figure 1.—Individual Hatching Record

There should be one small sheet for each female. The record includes date set, date on which
each egg was laid, number infertile, number dying early, number dying late, and number of chicks

hatched. At the close of the hatching season these data may be summarized for each female.
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The Breeding Procedure Recommended for Increasing Egg Production

Egg production of each succeeding generation in the flock can be increased

only by using a superior class of breeding stock to produce each generation.

The outstanding experiment to support this view was carried on by Gowell at

the Maine Agricultural Experiment Station with Barred Plymouth Rocks.

The detailed results in relation to egg production are reported by Pearl and Surface

(1909a and b) and by Pearl (1911). Each year Gowell selected for breeding year-

ling hens with records of 150 or more eggs in the pullet year. Each year these

hens were mated to cockerels from mothers laying 200 eggs or more. All daughters

were trapnested from November 1 to October 30 each year. The standard for

breeders was not raised as the experiment progressed. The mean annual egg

records of the daughters hatched from 1899 to 1906 were 136, 143, 156, 135, 118,

134, 140, and 113 in the respective years. The variation in annual production

did not decline and there was actually a significant decline in egg production of

daughters in the eight-\ear period. A very great decrease was observed in

winter egg production during this period, the means ranging from 41 eggs in 1899

to 16 eggs in 1907.

Pearl and Surface (1909a) hatched 250 pullets from hens that had laid 200

eggs during their pullet year. These pullets were sired by cockerels whose

female ancestors had laid not less than 200 eggs for seven generations. These

pullets were trapnested from November 1 to July 1 and compared with 600

pullets from the line previously developed by Gowell. The mean winter pro-

duction of the first group of pullets was about 16 eggs compared with about 19

eggs for the second group. The notation is made by the authors that the pullets

from 200-egg dams were inferior to those of the other group. It is very evident,

in view of modern information, that neither method of selection of breeders was

rigid enough to increase the production of the daughters.

Marble and Hall (1931) report results in breeding high- and low-producing

lines of White Leghorns. The mean annual egg production of the high line

was raised by careful breeding from 127 eggs in 1908 to 196 eggs in 1927. Egg

weight and bod\" weight did not decrease, and length of cycle increased as egg

production increased. Mean age at first egg did not change significantly after

ten or eleven >ears of breeding.

Lippincott (1920) mated three lines of mongrel pullets and their daughters to

purebred cockerels and one line to mongrel cockerels for three generations, with

the following results:

A\erage Percentage of Increase or Decrease in First-Year Egg
Production of Each Generation of Offspring Compared with the

Original Mongrel Pen

Single Comb White Leghorn Grades.

Barred Pl\ mouth Rock Grades

White Orpington Grades

Mongrels

First
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These data show that mongrel flocks may be greatl\' improved in egg produc-

tion through the use of purebred males from flocks improved for production.

Extension projects in flock improvement carried on by the Massachusetts

Agricultural Extension Service show very definitely that the egg production of

ordinary flocks may be greatly increased through the use of outside males from

flocks highly improved for egg production.

A method of breeding within the flock that will raise the mean annual egg pro-

duction from 114 eggs to 235 eggs in twenty years without any culling in the

laying houses may be considered rather satisfactory. Such a result has been

accomplished in the Massachusetts Station flock using the system outlined below.

As previously indicated the flock was started by purchasing mature pullets from

two different sources, and males that were not closely related to the pullets

were obtained from one of these flocks. The foundation stock was not improved

for fecundity but represented improved breeding from the exhibition standpoint.

These birds were late maturing, low in intensity, high in broodiness, and not

persistent la\ers.

Early in the history of the flock it was decided by Goodale after much study

that selective breeding to be effective must be based not upon egg records as a

unit but upon inherited characters that directly afTect egg production.

The first character bred was for early sexual maturity. Female breeders

that began to lay at the youngest age were made use of and mated to males whose

sisters had laid earlier than the average. The fourth generation, hatched in

1916, showed the character of earh- maturity to be rather well established, with

a flock mean of 213 days. Since that time only early-maturing females have

been used, and the flock mean age has fluctuated between 185 and 210 days.

Genetically early-maturing birds begin laying at 215 days of age or younger.

On account of the advantages of large size so intimately associated with egg size,

the selection of extremely earl>-la\ing breeders has been avoided. In recent

vears preference has been given to females that began la\ing at from 200 to

210 days of age.

The elimination of broodiness in the flock was undertaken ne.xt, without

sacrificing any progress in breeding for early maturity. Progress was made by

selecting as many female breeders as possible that were free of broodiness in the

pullet year. This was followed by the exclusive use of male breeders from this

class of dams. Some males and females tested for non-broodiness were made

use of from time to time. Selection has since been based on the greatest freedom

from broodiness within the family. As previously indicated, the percentage of

individuals broody in the first laying year has fallen from 90 per cent to about

1 1 per cent.

Intensity of laying or the ability to lay a large number of eggs in a specific

time interval was the third character to be considered in improving the flock.

This character was established largely through one female and her descendants.

Since high intensity depends upon dominant genes, it was not necessary to

practice close inbreeding to establish the character. In the early part of the

experiment breeding females were selected for the ability to lay a large number

of eggs up to March 1, or for the ability to lay many eggs (26 or more) in a winter

month like December. In recent years intensity has been measured by mean

winter clutch size. A clutch represents the number of eggs laid on successive

days, and the average size of clutches from first pullet egg up to March 1 gives
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a measure of the rate of functioning of the egg-producing organs. Winter clutch

size has increased from under two to about three and one-half at present. For

holding high intensity no breeders showing a winter clutch size under three should

be used.

Winter pause may be reduced b\' the constant use of breeders free from this

undesirable character. The system of management, housing, and feeding should

be the most favorable at all times.

High persistenc\' has been the last character to be developed in the station

flock. Though the selection of female breeders that la>- late in the fall and of

yearling breeders that have laid for as much as thirteen or fourteen months,

mean flock persistency has been raised from about 250 days to about 340 days

at present. No breeder with a persistency record of less than 315 days from first

egg should be used. A recent study shows clearly that the abilit\' to lay for more

than 365 days is highly desirable in breeding birds.

Persistency is linked in inheritance with early maturity. For this reason

it is very advantageous to select early maturing and persistent birds early in

the breeding program. The ultimate goal is a flock breeding true for these five

desirable fecundity factors as well as for desirable breed characters and free from

all recognized defects.

From what has gone before it is evident that such a breeding program should

not be attempted on a small scale. Only breeders that handle relativeh' large

flocks can hope to make consistent progress from year to year.

The ideal hen is of very complex genetic nature and the probability of obtaining

any significant proportion of such individuals is very remote in small flocks. As

far as present information is concerned, the genetic formula of an ideal breeding

hen is essentially as follows: EoE'ETH'I'mmaaccPPaaBBHH. In this formula

the known genes for early se.xual maturity, high intensity, no winter pause, non-

broodiness, high persistency', large egg size, and high hatchability are considered.

The following standard has been used in selecting female breeders in the

Rhode Island Red flock at the Massachusetts Station:

Age at first egg 215 days or less.

Weight at first egg 5.5 pounds or more.

Intensity (winter clutch size) 3 or more eggs.

No winter pause of more than 3 days.

No broodiness.

Persistency 315 days or more.

jNot under 24J^ ounces for pullets.

Egg size [Not under 26 ounces for hens.

Laying-house mortalit\' Not over 15 per cent.

The standard should be raised as the work progresses.
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A group of poultry diseases, many probably of an infectious nature, are taking

a heavy toll from Massachusetts flocks. It is conceivable that most of these

disorders may be controllable if properly understood. This investigation was
undertaken to determine some of the fundamental characteristics and causes

of so-called "fowl paralysis" which is rapidly becoming economically very

significant.
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PRELiMiNARY STUDIES ON NEUROLYMPHOMATOSiS AND
SOME MORE OR LESS RELATED DISEASES

Bv Charles S. Gibbs, ' Research Professor of Veterinary Science

Neurohniphomatosis, generall\' referred to as "fowl paralysis," is quite coninion

in the United States and Europe, and has been recognized in Massachusetts since

Kaupp (1921) and Pappenheinier (1926) described it. All breeds of chickens are

susceptible, but turke>s, geese, ducks, other poultry, and wild fowl are not

known to be affected. Ordinarily, it is a disease of pullets and cockerels of three

to eight months of age, and the heaviest losses usually occur in the late summer
and earh- fall, although there are exceptions to this rule.

The most noticeable symjitonis are parahsis of either one or both legs or the

wings, and blindness marked by a greyish appearance of the eye. The comb
and wattles are usually of normal color, and the birds have a good appetite as

long as they are able to eat. The symptoms may appear suddenly or gradually,

and the birds may die in a few weeks, or the condition may be prolonged over a

period of se\eral months. \'ery few cases of neurolymphomatosis ever recover.

Diagnosis is usualh- made by observation of the disease in a flock and by

necrops\' of dead birds. A definite technique for the macroscopic diagnosis

has been worked out b\' Jungherr (1933). The lesions are located in the ner\ous

sxstem and contiguous tissues, such as the blood, visceral organs, muscles, etc.

Since the tissue changes are very difficult to recognize in some cases, the history

of the outbreak, the symptoms of the sick birds, and the general appearance of

the flock are of great aid in differentiating neurohniphomatosis from some other

diseases and obtaining a satisfactory diagnosis.

The real cause of neurolymphomatosis is unknown. There have been con-

siderable speculation and seme laboratory study on this phase of the disease,

but without an\ definite conclusions. In other words, to determine the etiology

of neurohniphomatosis, the investigator should have at his disposal a well-

equipped laboratory' and a poultry plant with facilities for hatching and isolation

of different groups of birds. The cost of such an undertaking has, up to the

present, precluded any satisfactor>' demonstration of the etiological agent.

Etiology

Attempts to transmit neurohniphomatosis in this stud\' ha\'e not been uni-

formly successful. In all, 400 chickens have been inoculated subcutaneously,

intramuscularh", intraperitonealh', and intracranially with neoplastic suspensions

of disea.sed nerves and tumor tissue in phxsiological saline solution without showing

an>- symptoms of disease. Also 400 uninoculated controls from the same flocks

and reared under the same conditions did not re\eal any lesions of either neuro-

lymphomatosis or h iiiphocx tomatosis at necropsy. In addition, 60 chickens

'The writer extends his sincere thanks to Oliver S. Klint, Department of Veterinary Science,

Massachusetts .-Xgricultural Expcrin'.enl Station, for doing the photographic work for this bulletin;

and to the Poultry Department of the College and Experiment Station, which made this study

possible.
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were inoculated intravenousK^ w ith Berkefeld \' filtrates of the neoplastic lesions

of nerve tissue, which had been ground up in a sterile mortar with a sterile pestle

and sand. Also, fresh lymphocytomas were transplanted into the visceral organs,

muscles, and skins of 140 chickens, by means of a sterile trocar. These chickens

were held for six months without showing an}- symptoms or lesions of lymphoc}-

tomatosis, a disease closeK' related to, if not the same as, neurolymphomatosis.

The stock for these etiological experiments was selected from 10 different flocks

and an attempt was made to avoid chickens previously exposed to the disease,

as such exposure might lead to erroneous results. Acti\e s\'mptoms of neuro-

hmphomatosis do not appear for two or three months after infection has taken

place. This precaution was deemed necessar\- because in some of the earlier

experiments of the writer the same number of controls as inoculated birds came
down with symptoms and lesions of neuroKmphomatosis, indicating that the

birds had pre\'ioush- contracted the disease.

Also it was found in the course of these experiments that chickens inoculated

intraperitoneally and intramuscularly with suspensions of neurohmphomas,
pyogenic bacteria, and tar developed tumors of the peritoneum, visceral organs,

mesentery, muscles, celiac plexus, and small ner\-es of the visceral organs in-

distinguishable from hmphoc\tomas and neurohmphomas of spontaneous

origin. Ruptured egg sacs and oviducts were believed to be responsible for

similar conditions in spontaneous cases by first establishing peritonitis, which

ultiniateK- led to tumor formation.

The results of these laboratory transmission experiments are inconclusixe,

and in \iew of the work that has been done b\' Seagar (1933), Lerche and Fritzsche

(1933), and Mcintosh (1933) should not be considered final until further work

has been done, because there are so many unknown factors associated with the

etiology of neuroKmphomatosis and h"mphoc\tomatosis that it is doubtful

whether any investigator has succeeded in keeping them all under control. How-
ever, persistent trial and error, of which this study is a beginning, should not

onh' re\eal the etiology of these two diseases but show their relation, if any,

to 1\ nipholeukosis.

The Development of Histologica! Methods

Plenty- of material from spontaneous cases has been a\'ailable for hematological

and histopathological studies. It has been possible to select material from

flocks of which the history was known, and the studies for the most part have

been confined to one of these flocks for a period of four \ears. The first two

years were devoted largeh" to developing staining methods, acquiring a familiarity

with the histological elements in poultry pathology, and different iating neuro-

lymphomatosis from other diseases to which it appeared at first to be more or

less related in spontaneous cases.

The blood staining methods suggested by Furth (1931), the bone marrow
studies of Forkner (1929). and Mallory's (1921) eosin and methylene blue and

phosphotungstic acid hematoxylin stains for tissues were especially valuable in

the development of histological methods for this stud\-. Wong's (1928) method

for the determination of hemoglobin was used. The blood clotting time was

estimated by the method of Wright (Morse and Loone\-, 1927).

It was found that the thrombocytes could not be counted with any degree of

accuracy unless supravital staining was emploxed. Hence the counts for throm-

bocvtes are omitted in this bulletin.
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The Patholoijical Cell in Neurolyniphomatosis and l>ympliocytomatosis

! iist coniparat i\e stiulies were made of normal birds and those shc)\\ing neuro-

Ixniphomatosis with gross lesions, avian paralysis without gross lesions, myelo-

leukosis, erythroleukosis, and lymphoc>tomatosis. In distinction from Patter-

son et al. (1932), little difficulty was experienced in differentiating neurohmpho-
matosis from er>throleukosis and myeloleukosis, while lympholeukosis appeared

to be closely related. The large lymphocyte observed in the infiltrated nerves

of neuroKmphomatosis, Fig. 1, appears to be similar to the pathological cell

found in 1\ luphocx tcmatosis, as stated by Matthews and W'alkex (1929).

In this stud\' there was evidence of perivascular infiltration in which the path-

ological cells passed in the blood and Kmph until the\ filled the spaces between

the ner\-e fibers, as shown in Fig. 2. The walls of the arteries and \'eins were

Figure 1. Pathological Cells in Neiirolymphomatosis. showing the division of the nucleus and
the characteristic concentric arrangement in some cells. (Magnified 1100 diameters, i

Figure 2. Infiltration of Path;)logical Ceils around Nerve Fibers. Magnified 100 diameters, i
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not clestro\ed, and the nourishment in the \ascuiar s\ stem was diverted from

the nerve fibers to the pathological cells, which appeared to increase very rapidly

b\- further infiltration and mitosis until all of the neutral staining tissues were

replaced b>' basic staining neoplastic cells. In other words, the nerve fibers

appeared to die for the lack of nourishment and were finally dissolved and carried

away by the blood stream, as the pathological cells at first surrounded them
and later replaced them entirely. This is the physiological development of the

neurohmphoma in the nerve of the fowl as obser\'ed histologicalh- in these studies.

Enzymes ma\- have pla\ed a part in the destruction and absorption of the nervous

tissue, but their presence could not be demonstrated in either living or dead

tissues.

This tumor-like growth of the ner\-ous system is what Pappenheimer et al.

(1929) have called a neurohmphoma, and it leads to the pathological condition

called neurohmphomatosis b\' Johnson (1932). These names are retained in

this stud>' and ha\e alread\' been used se\eral times. Since the neurohmphoma
tissue cannot be stimulated like nervous tissue, it natural!)' follows that muscles,

organs, and other structures supplied b\- nerves sufTer as a result of interference

in normal functions, and symptoms of disease arise.

Figure 3. Lymphocytoma of the Gizzard.
Left, diseased gizzard.
Right, normal gizzard.

The fact that the neoplastic cell in\ohed in neurohmphomatosis has been found

in the blood and hmph shows that there is ample opportunity- for it to find its

\va\- into the general circulation and be in\ohed in metastatic conditions. Metas-

tasis, as well as infiltration, has been found in this stud\- and will be pointed out

a little later.

Before proceeding further it is necessary to indicate that the neurohmphoma
resembles the lymphocytoma in physical appearance and consistency, as well

as in possessing the same t\pe of pathological cell. Both develop from incipient

perivascular infiltrations into the tissues. In advanced cases the neurohmphoma
is usually smaller than the lymphocytoma. This is probably due to the fact

that the blood and lymph spaces in the visceral organs and muscles are larger

than in the nervous tissues, and growth proceeds more rapidh' because more

cells are able to crowd in and nourishment is more readih' brought to them.

L\ mphocxtcma of the gizzard is shown in F"ig. 3. In adx'anced cases of hmipho-

cytomatosis, in which the neoplasms had reached comparatively large sizes,

anemia was present. Neuroh mphcmatosis was never accompanied by noticeable

symptoms of anemia unless the birds were so parahzed that the\' could not reach
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feet! and water, or iier\"es su])])l\ iiig the digestive s\'stem were affected and mal-

nutrition had set in.

In some cases lymphoc\tomas were found conipleteK' surrounding ner\e trunks

without showing any exidence of in\asion, as stated b\- Matthews and W'alkey

(1929). On the other hand, many cases of avian paral\sis were found in which

visceral organs, muscles, the integument, and ner\ous tissue were simultaneoush-

involved. In some of these cases the diseased condition appeared to have spread

by infiltration and in others metastasis had apparently taken place through the

blood stream. The infiltrations were continuous and involved contiguous nerves

and organs. The most common simultaneous infiltration of nervous tissue

and visceral organs occurred in the celiac plexus, ovary, and adjacent structures,

with the vagus nerve and thymus glands next. The common invasion of the

sciatic nerve and kidne\- was found in 10 cases from the same flock. It appeared

from histological examination of diseased tissues that a common pathological

cell was involved in both nerves and \'isceral organs, as appears in Fig. 4. This

finding is in agreement with that of Bieh", Palmer, and Llo\ d (1933).

V^4 '/ ' ''

FijJiire 4. Neurolvmphoma of Sciatic Nerve (a) and Lymphocytoma of the Connective Tissues

and Surrounding Muscles ibj. (Magnified 100 diameters.)

Neurolymphomatosis

In general, it cannot be stated that an>- particular nerve or plexus is more

susceptible to invasion than another because neuroK mphomas were found in

all ofjthe nerves of the fowl, and two birds were found in which every mctor nerve

in the bod\ appeared to be affected. These two birds were in a most helpless

condition. Paralysis is especially evident when the sciatic nerves, brachial

plexus, celiac plexus, vagus, and optic nerves are in\olved because important

functions of the body are interfered with, and the lesions are more e\ident at

necropsy in large nerves than in small ones. A careful checking up on i he location

of the gross lesions of neuroKniphomatosis in the flocks studied did not reveal

an>- outstanding flock specificit\-. such as might be attributed to family weakness

or inherited predisposition, although such nia\- have existed and our ob.servations
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were not fine enough to detect them. It was ph\sicall\- impossible to examine

all of the birds histologically. Table 1 shows the results of the necropsies of 304

birds from seven different flocks and the tabulation of the names of the nerves

affected with neuroKiniihomas.

Table 1. Location of Neukolymphomas

Flocks

Nerve

Sciatic 41 69 31 8 I,'', 20 13

Vagus 39 35 30 6 14 27 12

Brachial 29 28 12 3 20 19 5

Celiac 12 3 9 4 7 15 10

Optic 6

Mesenteric 5

Crural 1

Peroneal 3

Costal

Cer\'ical

Plantar 1

Laryngeal 2

Meningeal 1

Cocc\geal

4
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Lymphocytomatosis

A stiid\ t)f iinconipHcated 1\ niphocxtomatosis revealed that visceral organs,

such as the o\ar\ . mesentery, kidne>', liver, and spleen were most commonly
involved. These organs are closeK' associated with serous membranes. Next to

be affected were organs and surfaces lined with mucous membranes, such as the

peritoneum, oviduct, proventriculus, lungs, pleura, intestine, crop, ureter, and

cloaca. Muscle tissue, skin, and ductless glands were involved in a few instances,

showing that no tissue of the fowl is entirely resistant to lymphocytomatosis.

The lymphoc>toma develops the same as the neurolymphoma, except that it is

confined almost entirely to tissues other than the nervous type. The invading

cell is indistinguishable from the pathological cell occurring in neurolymphomatosis.

Parenchymatous organs, mucous membranes, and glandular tissues offer less

resistance to invasion than muscle, or the integument.

Studies on the location of hmphoc\tomas are recorded in Table 2.

Table 2. The Location of Lymphocytomas

\
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Since Ixniphocytomatosis is more common in !a\iiig hens than it is in pullets,

cockerels, and roosters, it may be that concentrated feeding and forced la\ing

are important factors in the incidence of this disease.

Richardson (1933) has suggested "that catarrhal enteritis with extensive des-

quamation of the epithelium co\'ering the villi is the primar\' lesion, with sub-

sequent absorption of toxins from the digestive tract, causing a hyperplasia of

the lymphoid tissue normally found in the various organs" may be responsible

for the tumors in lympholeukosis. which are similar, if not the same, as in hmpho-
c\tomatosis. Lymphoc>'toma of the o\ary is shown in Fig. 5.

Chart 1 represents the incidence of neuroKmphomatosis, hmphocytomatosis,

and neurolymphomatosis complicated b\" hmphoc\tomatosis at various age

periods in the chicken, pullet, cockerel, hen, and cock.

Neurolymphomatosis

Uearolyrjphomatosis
conrplicated with

Lymphocytomatosis

Lymphocytoraatosis

II II
CHICZSIIS 20 to 120 DAYS OLD

II II h
PULLETS AND COCKEHELS 121 to 240 DAYS OLD

I I I I I I
Feaales hlales Females Males Pen^.a.les Males

HENS AND COCZS 9 to 12 MONTHS OLD
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Figure 5. Lymphocyloma of fhe Ovary. The pathological cells show as black spots in the
photograph, i Magnified 420 diameters.)

Neurolymphomatosis Complicated by Lymphocytomatosis

The hepat'c, splenic, renal, ovarian, gastric, and small nerves were rarely

affected unless neuroh'mphomatosis was complicated b\- hmphoc\tomatosis.

Of the large nerves, the celiac plexus was most commonh- involved with neuro-

lymphoma as the ovary in the same bird was affected with h"mphoc>tonia. The
vagus, sciatic, and brachial ner\es were affected by neurohniphomas which had

apparenth' spread either by metastasis or direct infiltration to muscles of the legs,

wings, thymus and th\'roid glands, and visceral organs. Small l\mphoc\ tomas

were found embedded in the skin or located in the subcutis immediateU' under

it in 19 of the birds. The tumors were easily felt on palpation as irregular nodular

masses. Some of these tumors were located on the breast and exposed to irritation

when the birds were on the roosts, but ulceration was not found in any of them.

Representative tumors were studied histologicalK- to see if the nerves supplying

the skin were involved also, and the\' apparenth were for all tissues within the

infiltrated areas had been converted into tumor cells.

NeuroKmphomatosis was complicated with l\niphoc>tomatosis in Flocks

A, H, C. and D and the results appear in Table 3. No complications of neuro-

lymphomatosis and Kmphocxtomatosis occurred in Flocks E, F, and G and the

results of the studies of these flocks appear in Tables 1 and 2.

Table 3 shows that in Flock A neurohmphomas were confined largeh- to

the celiac plexus and ovarian nerve, and the lymphoc\"tomas to the ovar\ . In

Flock B the neuroh nijihcmas were found mosth' in the vagus nerv'es while the

greatest number of lymphoc\ tomas appeared in the thyroid glands, the thymus

glands, li\er, spleen, and skin. In I'lock C the neurohmphomas occurred mostly

in the celiac plexus, and the l\mi)hoc\ tomas were few and not confined to any

particular group o organs or tissues. In Flock D the greatest numbers of neuro-

lymphomas were e(|ually divided between the celiac, sciatic, and brachial plexus,

and the largest numbers of hmphoc\tomas were about ecjualh divided between

the ovar\' aiifl muscles of the legs and wings.
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Table 3. The Locations of Nel kolymphomas and Lymphocytomas in

Four Flocks

Flocks

Tissue A B C D

Ovary 19

Celiac plexus 18

\'agus ner\e 10

Sciatic nerve 7

Ovarian ner\e 15

Brachial plexus 6

Mesenteric ner\e 5

AIesenrer\- 1

Crural iier\e 4

Kidiie\' 3

Renal nerve 1

Muscle 1

Thyroid 2

Thxnius

Skin 1

Liver 1

Hepatic ner\e

Sj:)leen

Splenic ner\e

Optic ner\'e 1

Lung
Pulnionarx- nerve

Peritoneum

Peroneal nerve 1

Testis 1

Gizzard

Proventriculus 2

Gastric plexus 1

Pancreas 1

Cervical nerve

Intestine

Number of Birds 25 17 5 17

In Flock A direct infiltration appeared to have occurred between the neuro-

lymphomas of the celiac plexus and ovarian nerves, and the lymphoc>tomas

of the ovar>". The other neurolymphomas and hmphocxtomas were apparent!}'

of metastatic inception. In Flock B direct infiltrations had apparently- occurred

between the neurolymphomas of the vagus nerves and the Kniphocytomas of

the thyroid and thymus glands. The neoplasms of the liver, spleen, skin, and

other tissues were apparenth- of metastatic origin, as perivasciilar infiltration

was demonstrated histologicalK' in all of them. In Flock C the neurolymphomas

9
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Fi)>iire ft. Neurolymphotomatosis of llic Kinht Sciatic Nerve.

Figure 7. Perivascular Infiltration in Sciatic Nerve. (Magnified 200 diameters.)

Figure S. Periva.scular Infiltration in Sciatic Nerve. (Magnified 420 diameters.)
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of the celiac plexus aiul o\'ariaii ner\e appeared to be primar\-, while the other

neurohniphomas and l\niphoc\tonias were undoubtedly established as a result

of metastasis. All of the neurohniphomas in the celiac, sciatic, and brachial

nerves of Flock D appeared to be of primar\- origin and led to the formation of

h mphocytomas in the ovary and muscles of the legs and wings by direct infiltra-

tion. The malignant growths in other tissues appeared to be of perivascular

inception. Figs. 7 and 8 show peri\ascular infiltration of the sciatic nerves.

In studying these cases it was not always possible to determine whether the

nerves or the visceral organs were affected first, although it was demonstrated

that metastasis as well as direct infiltration may take place through the nervous

s\stem, for the pathological cells appeared to be carried in the capillary spaces.

This explains wh>" the connecting link between neurolyniphoma and hniphocx-

toma appeared to be the branches of the larger nerves leading to the visceral

organs, and other tissues in which the neoplasms were found. While distant

metastasis undoubtedly occurred in some cases, the evidence was not as con-

vincing as in those instances in which direct infiltration or metastasis was traced.

Apparently the pathological cell responsible for these malignant growths occasion-

ally dex'elops such invasiveness that an>' or all tissues are affected. If this

deduction is correct, neurohniphomatosis and hmphocytomatosis are closelv

related and are differentiated on the basis of tissue selection only. Furthermore,

this stud}' indicates that neuroKniphomatosis is a disease of >oung birds while

lymphcc>tomatosis is more commonh' found in adults ten months or more of

age. However, in spite of the conclusiveness of these histological studies, the

exact relation between neurohniphomatosis and lymphoc>tomatosis awaits

etiological confirmation, if the theory of an inciting virus is accepted.

The Mortality and Morbidity of Flock C

Next an attempt was made to determine the mortalit\" and morbidit\" occurring

in Flock C from all causes. The results of this stud\' are shown in Table 4.

T.VBLF. 4. A Study of Mort.\lity .\xd Morbidity in Flock C

Diseases
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Table 4 shows that a\ian [)aral\sis with gross lesions, or neuroI\ niijhoniatosis,

led all other diseases in niortalit\- and morbidity. As has been stated before,

three birds recovered from neuroh mphomatosis, while birds having lymphoc\to-

matosis and leukemia did not recover. In the last two diseases the function of

blood-forming organs was seriously interfered with and the birds did not live as

long as when affected with neurolymphomatosis. Birds suffering from chronic

coccidiosis, slipped tendon, ascariasis, and visceral gout lived indefiniteK' in a

run-down condition. According to the table, the victims of cannibalism lived

two da\s. At the end of this period they were either dead or on the road to

recovery. Birds showing complications of neurolymphomatosis and lymphc-
cytcmatosis lived 24 da\s, which is 15 days longer than those showing lesions

of uncomplicated lymphccytcmatcsis.

This study indicates that all of these conditions are serious and should be

avoided as much as possible.

The Differentiation of Neurolymphomatosis from Lymphocytomatosis and

Leukemia

Birds having lymphccytcmatosis and leukemia are often unable to stand, and

these diseases are mistaken for parahsis or neuroK mphomatosis b\- the lait\';

but a trained diagnostician should observe that the comb, wattles, face, and
mucous membranes in cases of the former are pale, while these parts in the latter

are usually of good color. This observation is superficial and should not be

depended upon entireh- for diagnosis, yet it is of considerable help in the differ-

entiation of neurolymphomatosis from hmphocytomatosis and leukemia in the

field. The leukemias are further differentiated in that no immature red cells

or immature eosinophilic white cells are found in the circulating blood in either

neurohmphomatosis or 1\ niphoc>tomatosis, and er\throblastic and nneloblastic

hyperplasia are found onl\- in the respecti\e leukotic conditions.

The examination of the blood is of the greatest assistance in the differential

diagnosis of poultry- diseases. Neurohmphomatosis begins with a leukoc\"tosis

and ends with a hmphocytosis. Differential counts indicate that the first

increase is in eosinophile leukoc\tes, while the last increase is in small mononu-
clear lymphocytes. Sometimes the leukocytosis and the hmphocytosis are found

overlapping, but generalh" there is a period between in which the birds apparenth'

hold their own for awhile and the blood count is the same as in normal fowls.

In other words, red blood cells, pohmorphonuclear leukocytes, neutrophiles,

mast cells, and monoc\tes are the same as in normal birds. In uncomplicated

h mphocytomatosis there is a decrease in hemoglobin, the clotting time of the

blood is prolonged, and the red blood cells are diminished. Leukocytosis and

h mphoc\tosis occur the same as in neurolymphomatosis. The remaining ele-

ments of the blood are seldom disturbed in this disease.

In myeloleukosis the blood is invaded by myelocytes in various stages cf

development, depending upon the severity of the disease. The pathological

cell found in the blood and lesions of the tissues in this disease is the eosinophilic

myelocyte. Fig. 9. Neutrophilic and basophilic varieties of this myelocyte ma\

be present in small numbers. Fresh myelocytes usually gave positive oxxdase

reactions when tested according to the method of Graham (1918) in the earh

stages of the disease. The liver and spleen were enlarged in ad\ anrcd rases, and

histological sections stained by Mallory's eosin and methxiene blue showed more

or less m\eloblastic hyperplasia. In some advanced cases the bone marrow

showed e\i(lence of calcification and the absence of fat. Microscopical examina-
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Figure 9. Myeloleukosis. i Majjnificd ^Tii) diameters.) (Arrow points to myelocyte.)
Figure 10. Erytliroleukosis. (Magnified 420 diameters.) (Arrow points to erythroblast.)

tion of the bone marrow showed a diminution, if not an entire absence, of mature

leukocytes. The red blood cells were a!wa\s reduced, the hemoglobin was low,

and the clotting of the blood retarded.

j_,- Myeloleukosis was differentiated from Kmpholeukosis on the basis of the path-

ological cells appearing in the tissues of the birds affected with the respecti\e

diseases. In some cases the oxydase test was relied upon to identify- the niyelo-

blastic cells of the bone marrow from the cells of the hmphocytic series. A
large number of cells with oxydase granules appeared to be characteristic of

myeloleukosis just as the reverse seemed to be true of lympholeukosis. In advanced

cases of acute myeloblastic leukosis many of the cells may be too inunature to

react to the oxydase test. This difficulty did not lead to diagnostic error in this

study because the blood of the birds was examined at least once as soon as symp-

toms appeared and at other times later in the course of the disease. But some
difficult}' was experienced in differentiating generalized infiltration of h^mpho-

c>'tomas from Kmpholeukosis. Usualh- l\mphoc>-tomas appeared on gross
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and histological examination as irregular fori of neoplastic growths embedded
in the visceral organs and other tissues, while lympholeukosis appeared to be
limited to the liver, spleen, and sometimes the kidney, and always involved the

whole of the affected organ.

Blood smears from birds suffering from er\ throleukosis showed immature forms

of erythrocytes, as shown in Fig. 10. Histological examination of tissues from
the liver, spleen, and kidneys revealed intravascular accumulations of these

immature cells in the capillary spaces, so that the organs were in a state of disten-

tion. Sometimes the distention was so great that hemorrhage occurred. The
hemoglobin was reduced in erythroleukosis and the clotting of the blood delayed.

The blood of a representative number of birds for each disease included in

this study was examined hematologicalh'. It was impossible to examine all

on the experiment because the methods were time consuming, and it was con-

sidered better to make a thorough stud\- of a selected number rather than to

attempt all of them hurriedh .

The Hematology of Birds from Flock C

The results of the examination of the blood of representative birds from Flock

C are contained in Table 5.

The white blood counts recorded for Group 1, were higher than normal in

birds Nos. 2, 11, 16, 18, and 19, and lower than normal in No. 1. Differential

counts showed that the increase in birds Nos. 11, 16, and 18 was in eosinophilic

granular leukoc>tes, while in bird No. 19 the eosinophilic leukocytes with rods

were above normal. Also bird No. 18 showed a high hniphocxte count. The
blood of Nos. 3 and 17 was normal, or the same as for health}- birds.

In Group 2, the white cell count was above normal in birds Nos. 13 and 20.

Differential counts indicated that the increase in white cells in No. 13 was in

polymorphonuclear leukocytes, while that of No. 20 was in small Kmphocytes.
The blood of Nos. 10 and 14 was normal.

The average white blood cell count was higher in the birds severeh affected

with parahsis (Group 3) than in Groups 1 and 2. The differential count in-

dicated that this increase was due in general to lymphoc>tosis, as all of the birds

except No. 6 shewed relatively high h'mphoc>te counts. It was found at nec-

ropsy that No. 6 had a heavy infestation of roundworms, which ma>' have been

responsible for leukocytosis and the probable masking of the hmphocyte count.

The birds in Group 4 were examined hematologically when first brought to

the laboratory from the range and again just before death. The symptoms of

paralysis had increased in every case. A stud\' of this table shows in most cases

a leukocytosis accompanied b\- a progressive lymphocytosis. The hemoglobin

and blood clotting time were not determined in bird No. i3.

The averages of the first and last hematological examinations show some
interesting comparisons as follows: The red blood cells are less in the last average

count than in the first; the white blood cells are more in the last average count

than in the first; the comparison of the first ax'erage leukocyte count and the

first average lymphocyte count with the corresponding last counts indicates that

leukocxtosis is giving way to lymphocytosis.

Group 5 contains the results of the hematological studies of birds selected

from Flock C that were down and unable to arise, but showed no lesions of paral-

ysis at necropsy. Bird No. 52 ga\e a low white blood cell count when first

examined, but three da\ s later the count was nearly normal. Bird No. 53 showed

a marked leukocxlosis in which eosinophilic leukoc>tcs with granules predomina-
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ted. Bird No. 54 had a high white blood cell count when submitted to the

laboratory, but it dropped to nearl\- norma! in five da\s. Birds Nos. 55, 56, 57,

and 58 gave normal blood counts. Gross and histological examination of the

nervous systems did not re\-eal the cause of parahsis in these birds. Possibh"

they represent cases of leukosis in which hyperplasia is absent, as has been de-

scribed by Furth (1933).

Group 6 shows the blood counts of birds from Flock C, which showed symptoms

of parahsis and anemia during life and at necrops\' were found to be affected

with neuroKniphomatosis and 1\ niphocxtomatosis. The eosinophilic granular

leucocyte count was high in all of the fowls except No. 62. The significance of

this finding, if of any importance, is not understood at present. The hemoglobin

was low in all of the birds. The blood clotted rather slowly in fowls Nos. 62,

64, 65, 66, and 67, and the celiac plexus was involved in all of the birds in this

group. The ovar\" was tumorous in three cases, the testicles in one, and the

kidne>s, liver, and mesenteries in the others. The connection between neuro-

hinphomatosis and h'mphoc\tomatosis of the visceral organs was close in every

case. Evidences of metastatic infiltration were found. It ma\' be that when

the arteries are filled with hmphoblasts these cells lodge in the capillaries of

tissues other than the nervous type, forming foci of infection which lead to the

development of the so-called lymphocxtoma, which is apparently of the same

origin as the neurohmphoma.
The five birds listed in Group 7 had lymphocytomas of the visceral organs,

and the nerv-ous system appeared to be normal on gross and histological examina-

tion. All of the birds appeared anemic, and had high white blood counts and low

hemoglobin determinations. Differential counts showed that all of them had

leukocytosis. The blood of Nos. 88 and 89 was counted twice. Bird No. 88

showed no marked changes after 45 days, while the blood of No. 89 indicated a

shift from a leukoc\tosis to a hmphocytosis in 10 da\s.

Four cases of myeloleukosis were included in the hematological studies and the

results are given in Group 8. The red blood cells were low and the white blood

cells were higher than normal in all four of these birds. The hemoglobin was

very low, the clotting time prolonged, and the birds bled profusely as the blood

was drawn from the wing vein for the tests. Differential staining brought out

many eosinophilic nnelocytes in the blood stream. Also the eosinophilic leuko-

cytes with granules were comparatively increased in bird No. 98. It was ob-

served in this study that the granules in the eosinophilic leukocytes resembled

these in the granular myelocytes, but myelocytosis was not alwa>s accompanied

b\- a high granular eosinophilic leukocyte count.

Three birds in Flock C were found to have erythroleukosis. These birds were

anemic, as shown by the blood counts and hemoglobin determinations in Group 9.

The clotting of the blood was much delayed in all three cases. The most charac-

teristic feature of this disease was the presence of erythroblasts and polychrome

erythrocytes in the circulating blood. If the blood had not been examined in

these cases the diagnosis would have been missed. The liver and spleen were

enlarged in all three cases, and histological sections showed that the capillaries

of these organs were distended with immature erythrocytes in various stages of

development. Er>throc>tes were rarely found in the bone marrow of the femur,

tibia, radius, and ulna of these birds. The most common cell appeared to be a

nucleated, basophilic type, undifferentiated from the large monocyte by Roman-

osky stains. This cell ma\- have been the precursor of the er>throblasts found

in the blood stream.
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Coccidiosis

Fifteen uncomplicated cases of coccidiosis were found in Flock C and none in

the other H>icks. No evidence was found in these studies to indicate that coccid-

iosis is in an\ wa\' related to neurolymphomatosis. The hematological studies

of the birds affected with coccidiosis are omitted since the\- add nothing of im-

portance to the investigation.

An Attempt to Differentiate Neurolymphnmatosis in Sick Birds

from the Range by the Blood Count

The birds in Table 6, Group 1 were sent to the Diagnostic .Service from Flock

D and it was impossible to hold them under observation for any great length

of time. This explains why the leucocxtes containing rods and granules were

counted together. Also, the neutrophilic leukocxtes were not distinguished

Table 6. Hematology of Birds Showing Gross Lesions of Neurolym-
phomatosis
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from mast cells, and the presence or absence of Kinpholilasts in the lilood stream

was not determined. Aside from these differences the blood was stained and

counted the same as for the birds in Flock C. The object of this experiment was

to determine whether it is possible to diagnose neurolymphomatosis by roughly

counting the blood. The technician counting the blood did not see the birds

until the blood had been counted and a report made. Birds Nos. 36 and 40 had

high leukoc>te counts and were diagnosed correctly b\- the technician. Birds

Nos. 37 and 39 had high 1\ niphocyte counts and were diagnosed as neuroKni-

phomatot ic before necrops\-. The blood counts of the other six were normal and the

diagnosis made b>- the technician was not confirmed at necropsy. In this experi-

ment the technician relying on blood counts diagnosed only 36.6 per cent cf the

cases of neurolymphomatosis correctK'.

The birds listed in Table 6, Group 2, were in Flock E, which was a mixed group

of birds ccming from several places in Massachusetts. Birds Nos. 44, 47, 49,

and 51 were down and unable to arise. Necropsy- revealed extensi\-e nerve in-

filtration, and blood counts showed marked l\mphoc}tosis. Positive diagnoses

were made in these cases from the blood counts. Bird No. 45 showed mild

symptoms of disease and an examination of the blood revealed a leukoc\tosis.

This case was diagnosed correctK- b>' the blood count. Birds Nos. 46, 48, and

50 gave normal counts which led to mistaken diagnoses. In this trial 62.5 per

cent of the cases of neuroK mphomatosis were diagnosed correctly from the

blood counts.

The Hematology of Birds from Flocks D and E Affected With Diseases

Other Than Uncomplicated Neurolymphomatosis

Two birds in Flock D appeared to be parahzed, but no lesions of disease were

found at necropsy. A study of Table 7, Group 1, shows that both birds gave

high lymphocyte counts. The cause of disease in these two birds was not satis-

factorily determined. Histological sections of the nervous system did not

reveal an\' evidence of infiltration.

The average age of the birds in Flock D was six months greater than in Flock C
and the number of cases of neuroK mphomatosis complicated b>' h'mphoc\to-

matosis was doubled. Group 2, shows that all of the red blood counts, except

in birds Nos. 71 and 77, were low and the hemoglobin was low in all of the birds.

The blood clotting time was prolonged in Nos. 67, 70, 72, 73, 74, 76, 80, 81, and

82. Eosinophilia was noted in Nos. 70, 73, and 78. L\ mphocytosis was evident

in bird No. 69. This stud>' indicates that there is a definite relation between

lymphocytomatosis and anemia.

Four birds in F"lock E) (Group 3) were affected with hmphocxlomas only.

The white cell count in all four was high. The differential counts show that the

eosinophilic leukocytes were high in Nos. 93, 95, and 96, and the small lympho-

cytes were above normal in bird No. 94.

Eight cases of myeloleukosis were found in Flock D (Group 4). All of these

birds showed relatively low red cell counts and hemoglobin determinations.

The blood clotting time was prolonged so that the birds bled easil\-, and the

white cell count was high in all except No. 109. This bird gave a normal white

cell count. Eosinophilic myeloc>tes were present in the blood of all of the birds

in varying percentages and the eosinophilic granular leukocytes were above

normal. Basophilic myeloc\tes were identified in the blood of No. 103.
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All of the hinls in I'"l()e-k K suffering from neuroKinphoniatosis conii)lirate<l

with Kniphocytoiiiatosis, as shown in Table 7, Group 5, had anemia, as indicated

b\ the low red blood counts and hemoglobin determinations. The white blood

cells of the birds were high, except in No. 83. The differential counts indicate

that bird No. 84 had leukocytosis, while Nos. 85, 86, and 87 had both leukoc\ tosis

and lymphoc\ tosis. At necropsy- all of the birds showed lesions of neurohnipho-

matosis and hmphocytomatosis. The neurolymphomas were confined to the

sciatic nerves and the lymphoc>tomas to the adjacent kidney tissues in birds

Nos. 83, 85, 86, and 87. In No. 84 general metastasis had apparenth- taken

place, for the left brachial plexus, liver, spleen, intestines, kidneys, proventricuius,

lungs, and muscles adjacent to the left brachial plexus were involved in tumor
formations. Histological sections indicated that these tumors were all lym-

phocytomas.

Four cases of myeloleukosis were found in F~lock E (Group 6). The most

characteristic lesions found in birds Nos. Ill and 112 were chloromas. The
neoplasm in No. Ill had apparenth- originated in the li\er and had metastasized

to the muscles of the left breast. In bird No. 1 12 the m\ eloc>toma was general-

ized and appeared in the liver, spleen, heart, and left thyroid gland. Myeloblasts

and myeloc\tes were found in the blood of all four birds. Fresh myeloc> tes gave

positive oxydase tests. Birds Nos. 113 and 114 did not show characteristic

lesions of myeloleukosis on gross examination. But histological examination of

tissues from the liver of No. 113 showed myelocytes in the blood of the arteries,

sinuses, and capillary spaces. The kidneys were inflamed and swollen, and

neoplastic cells were demonstrated in the interstitial tissues surrounding the

glomeruli and tubules. The spleen was swollen and the tissues selected from it

indicated that a generalized infiltration was taking place in this organ. The
mucosa and muscular walls of the intestine were inflamed, but myelocytes were

not found in the tissues selected from them. The th\roid glands and \'agus

nerves were normal to gross inspection, although myelocytes were found in the

blood of arteries and capillaries leading into them. One of the thymus glands

showed a diffuse infiltration of myeloc\tes on histological e.xamination. All of

the tissues selected from bird No. 114 for microscopical study were normal,

except the bone marrow. This was inflamed, devoid of fat, low in eosinophilic

leukocytes, and showed evidence of calcification.

One case of hmphocytomatosis complicated by myeloleukosis was found in

Flock E, and this was in pullet No. 115. At necropsy hmphoc\tomas were

found in\()h ing the li\"er, spleen, and mesenteries. Reference to Table 7, Group

7, shows that the eosinophilic m\eloc\te and the small hniphoc\te predominated

in the blood of this bird.

Only one complication of neurolymphomatosis and coccidiosis was found in

this study and that was in Flock E. The hematology of this bird (Table 7,

Group 8) shows anemia, eosinophilia. and lymi)hoc\'tosis as prominent s\'mi)tunis

of this complication.

The Hematology of Healthy Birds

Fifteen healthy birds were examined hcmatologiralh for comparison with the

results of those in diseased conditions. A stud\ of Table 8 shows considerable

fluctuation not onh- in difTerent birds but in the same bird at different periods.

While the examination of the blood is of considerable \alue in the diagnosis and

difTcrcnt iation of the \arious forms of leukemia, it is not of nuich help in the
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diagnosis oi either neuioK inplidiiiatosis or 1> niphocNtoniatosis. This investiga-

tion indicates that blood counting would not be effective in detecting birds in the

early stages of neurolymphomatosis, as suggested by Johnson (1933) and Seagar

(1933), because fluctuation in normal birds may temporarily surpass the leukocy-

tosis and hmphocytosis occurring in paralyzed birds. Furthermore, there is

usualK a period between leukocytosis and hmphocytosis of birds affected with

neurolymphomatosis in which there is a tendency for the progress of the disease

to be arrested, and the blood picture is often normal during this period. All of

these conditions are met in flocks coming down with neurohmphomatosis so that

blood counts are unreliable and should not be accepted as a diagnosis, unless

accompanied by gross or histological lesions.

During the course of this study the question arose, is there an\' wa\' of checking

the results? A search of the literature did not reveal any way of checking any-

thing except the hematolog>- of healthy birds, and that was not very satisfactory

because so man\ difterent methods were used that the results are not comparable

throughout. Table 9 contains the results of some of the more recent investiga-

tions on the hematolog}' of healthx- birds.

Table 9. Thk ffEMATOLOGY of Healthy Birds as Determined by

Different Investigators

Blain, 1928

Breusch. 102S

Burnett, I0I7

Cook and Dcarst\ ne,

1934

Fernstermacher, 19i:52.

Forkner, 1929

Klleneherger and Carl,

1912

Present Investigator

193-1

3,468.000

3,300,000

2,841,00r

2.594, I8i-

3,267,000

3,117,00(

3,160.S,oO

18,630

53.300

17,921

16,35r

24,425

24.5SC

35.000

24,02.-

76.0'^';

10.8 mg
76 . 0%
62.9%

'52.0%

^5 . 3%

Eosinophilic
Leukocvtes

19.4 8.

17.7 4.

3 .

3

3.1

i4.7 1.

29 .

5

4 .

10.4 23.

28. S

45.4

L.vmphocyte:

41 .

63.

5.7

9.2

5.5

14.5

17.1

A stud\ of Table 9 shows that the same method was used for counting the red

and white blood cells by all investigators and the results are comparable. .Since

hematology has suffered from a lack of a single, simple, accurate method for

determining hemoglobin, Pepper and Farley (1933), the results of the various

methods in use cannot ver>' well be e.xpected to agree. The present writer used

Wong's method and there is no comparative work with birds available. Burnett,

Fernstermacher, I'orkner, and Klieneberger and Carl used the Newcomer Hemo-

globinometer adjusted to read in percentage, and their results are fairK' uniform.

Cook and Dearst\ne determined the hemoglobin colorimetricalK' with the

Newcomer Hemoglobinometer in grams per 100 cc. of blood and there is no

other work axailable for comparison.
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Blain, Breusch, Forkner, aiul Klieneberger and Carl counted the eosinophilic

leukoc\tes with rods and eosinophilic leukoc>tes with granules separateK-, but

included the polymorphonuclear leukocytes without rods and granules in either

one or the other of these groups. Burnett and Cook and Dearst>ne recognized

polymorphonuclear leukcc\tes but counted the eosinophilic leukocytes with rods

and eosinophilic leukoc\tes with granules together. Fernstermacher did not

include any differential counts. The present writer distinguished the three

groups of leukocytes under discussion; but because of variations in counting, the

results secured b\- the different investigators are not comparable.

The mast cell is rather eas\- to identif\- in the blood of the hea!th\ fowl, and the

variations in counts between the different investigators is probabh- no more than

could be expected between different groups of birds. Therefore, these results

are comparable.

Blain, Breusch, Burnett. F"orkner, and Klieneberger and Carl did not distinguish

small from large hmphocytes as did the more recent investigators, Cook and Dear-

st>ne. The present writer included the monocytes with the large hmphocvtes.
The results of these investigations on the hniphoc\tes and monoc\tes are too

variable for comparison.

Since the disagreements b\' hematologists are almost entireh' due to differences

in technique, their results do not invalidate the present study in which the same
methods were used throughout and the results secured with healthy birds are

comparable with those suffering from disease, but they do indicate the need for

uniformit}' in reporting the results of hematological studies for comparison.

Summary and Conclusions

1. The clinical course of neurohmphomatosis varies in individual cases,

iisualK- e.xtending over a period of several weeks or months. Complete recover^'

is rare. Temporar\- impro\'ement ma\- occur followed by relapse and death.

2. Blood counts indicate that the disease begins with leukoc\tosis and
ends with lymphocytosis. During the period of temporar>- improxement the

blood ma>' be normal.

3. The disease spreads slowl\- in affected flocks, with only a few birds becoming

affected at a time, but new cases continue to de\-elop until it is partialK" arrested

in the late fall.

4. The morlalit\- from neurohmphomatosis is reduced after the first \ear

or two, although it is likel\- to reappear with each batch of new chickens for an

indefinite number of >ears after it is once established in a flock.

5. Neurohmphomatosis and hmphccxtomatosis seem to be closeh' associated.

The former is primarih' a disease of \oung birds from 3 to 10 months of age,

while the latter is mere common in birds 10 months of age or older.

6. Anemia is a symptom of hmphoc\tomatosis and leukosis and is not charac-

teristic of neurohmphomatosis.

7. L\mpholeukosis is not readily differentiated from hmphocNtoniatosis.

8. No difficult}' was experienced in differentiating neuroh nijjhoniatosis from

either erythroleukosis or myeloleukosis as the pathological cell is different in all

three diseases.

9. The pathological cell appeared to be the same in neuroi\ niphomatosis

and lymphoc>tomatosis, and was characterized b\' its basic staining properties

and the arrangement of the nuclear and chromatin material.
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10. This cell was found liuariiiig ner\es eind niiiscular and visceral tissues by

metastatic and direct intiltr.uion. in incipient cases it first appeared in the

capillary spaces and dcstro>ed the nerve fillers and interstitial tissues by utilizing

the nourishment for the organization of a tumor.

11. Evidence is presented which indicates that incipient hmphocytomatosis

and neurohnijihomatosis are due to the irritating action of foreign bodies intro-

duced into the peritoneal cavit\' and tissues. Since bacteria were isolated

only from cases in which jieritonitis was manifest, the inciting agent is not always

bacterial.

12. Attempts to demonstrate the presence of a filtrable \irus in neurohm-
phomatosis and lymphocytomatosis in these experiments failed.

13. Neurohmphomas were most commonK- found in the sciatic, vagus,

brachial, celiac, optic, and mesenteric nerves; and h mphocytomas were usually

located in the ovar\-, mesentery, ki(lne\'. li\er, spleen, muscle, and skin.

14. No evidence was found in these studies to indicate that coccidiosis was

in an\' way related to either neurohmphomatosis or hmphocytomatosis.

15. Because of irregularities in the hematolog>- of birds affected with neuro-

hmphomatosis, blood counts were of little assistance in removing diseased birds

from affected flocks.

16. On the basis of the experimental data secured in these studies neuro-

hmphomatosis and lymphocytomatosis ma\ be controlled b\- eradicating affected

birds from the flock as soon as noticed, adopting the best sanitary procedures

and increasing the vigor of the birds In- judicious breeding.
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Soybeans for Massachusetts

By A. B. Beaumont and R. E. Stitt

To meet the emergencies of shortage in the supply of forage due to crop injury

caused by soil or climatic limitations, an interest in certain special annual crops

is warranted. This study was undertaken to determine the adaptability of soy-

beans for that purpose.
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Figure 1. Minsoy. the Best Seed-Producing and Poorest Hay-Producing Variety.
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Figure 2. Marblnsoy, an Erect-Growing Variety, on Left and Medium CIreen. on Kiglit of Slake.

Tficse varieties ranked third and fourtli In amount of hay produced. Holli are coarse-stemmed
varieties and therefore less desirable for hay than Dunheld and Ilabaro.



SOYBEANS FOR MASSACHUSETTS

By A. B. Beaumont, Professor of Agronomy, and R. E. Stitt'

The soybean is a nati\e of southeastern Asia, where for centuries it has occupied

a place of outstanding economic importance. The plant was introduced into

the United States early in the last century, but did not attract a great deal of

attention in this country until about 1890. From that date on the various state

agricultural experiment stations have tested many varieties, and have experiment-

ed with methods of culture. The Massachusetts Agricultural Experiment Sta-

tion was activeh' identified with the earh' work with this crop through the efforts

of Dr. William P. Brooks, who introduced several \arieties from Japan, including

the well-known Medium Green.

Within the last two decades the acreage of soybeans has increased rapidly in

the United States, particularly in the Middle West and the South. The crop

has not greatK' gained in popularity in the New England states. Owing to climatic

restrictions and comparatively small areas of tillable land adapted to e.xtensive

use of farm machinery, it is not to be expected that New England may successfully

compete with more favorably situated agricultural regions in the production of

soybean seed. The greatest promise of the soybean in New England lies in its

possibilities as a forage crop. It can hardly compete with the grasses, clovers, and
alfalfa as a principal source of forage, but as a more or less temporary or emergency
leguminous forage crop it has distinct achantages.

VARIETY TESTS AT MASSACHUSETTS EXPERIMENT STATION

\\ ithin the years 1929 to 1932, inclusive, tests of varieties of soybeans were

conducted at Amherst by the Massachusetts Agricultural Experiment Station

in cooperation with the Division of Forage Crops and Diseases of the Bureau of

Plant Industry, U. S. D. A., and the Eastern States Farmers' Exchange. The
Division of Forage Crops and Diseases selected the \'arieties to be tested, supplied

the seed, and outlined the general plan of procedure.

The tests for the period 1929-1931, inclusive, were conducted under a uniform

technic, the plots consisting of 4 rows 20 feet long and 2.5 feet apart, and being

replicated 10 times in the field. In 1932 the plots were changed to 6 rows,

20 feet long and 3 feet apart, and were replicated 5 times. In each case the

border row-s and a portion of each end of the row were discarded at harvest time

to eliminate or reduce border effects. During the earlier period 20 varieties

were tested with only one change in the list. In 1932 there was a radical change

in the list of tested varieties, those which had previously yielded less than 2.5

tons of cured hay being dropped, and several new introductions added. For

these reasons the results of the 3-year test (1929-1931) and the 1932 test are

presented separately in this report.

'Formerly .-\ssistant Research Professor of .'\gronomy. Credit is given to Wm. L. Jones and

Jay L. Haddock, holders of the Eastern States Fellowship in Forage Crops, for valuable assistance

in the conduct of the tests; and to Dr. E. A. Hollowell and Dr. W. J. Morse of the Bureau of Plant

Industry, U. S. D. A., and C. W. Clemmer of the Eastern States Farmers' E.xchange for advice in

the conduct of the work and writing of the manuscript. .A.ppreciation is expressed also for the

financial support given this proiect by the Bureau of Plant Industry and the Eastern States Farmers'

Exchange.
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During 1929 and 1930 yields of both hay and seed were obtained for each

variet}^ but owing to comparatively low yields of seed it was decided to omit

these records in subsequent years. It was found, as might be expected, that

high grain and forage production characteristics of this crop were not combined

in a single variety, under the climatic conditions of this section.

Description of Varieties Tested

Black Eyebrow.—Introduced b\- U. S. D. A. from Wulukai, Manchuria, in

1911. Seeds black with brown saddle and black hilum; about 2475 to the pound;

maturing hay in 96 days and seed in 133 days. Used for pasture, hay, and silage.

Chestnut.—Selection in 1907 from the Habaro variety at Arlington Farm, Va.

Seeds russet brown with brown hilum; about 3275 to the pound; maturing hay

in 88 days and seed in 130 days. Used for hay.

Dtinfield.—Introduced by U. S. D. A. from Fanchiatun Station, South Man-

churia, in 1913. Seeds straw yellow with light brown hilum; about 3175 to the

pound; maturing hay in 96 days and seed in 133 days. Used for hay, pasture,

and silage.

George Washington.—A non-shattering selection from the Virginia variety by

Harvey S. Clapp, Accotink, Virginia, about 1925. Plants stout, erect, with

twining terminals; maturing in about 125 days; pubescence tawny; flowers purple;

pods 2-3 seeded; seeds brown with brown hilum; about 3400 to the pound; germ

yellow. Especially suitable for hay, silage, and as a soiling crop.

Habaro.—Introduced by U. S. D. A. from Khabarovsk, Siberia, in 1906.

Seeds straw yellow with brown hilum; about 3100 to the pound; maturing hay in

96 days and seed in 126 days. Used for hay, seed, and pasture.

Harbinsoy.—Selection at Arlington Farm, Va., in 1921 from an introduction

from Penhsiku, South Manchuria. Seeds straw yellow with russet brown hilum;

about 2950 to the pound; maturing hay in HI days; does not mature seed in

Massachusetts. Used for ha>-, pasture, and silage.

mini.—Pure-line selection from the A. K. variety made by the Illinois Agri-

cultural Experiment Station. Seeds straw yellow with brown hilum; about 2750

to the pound; maturing hay in 105 da\s and seed in 133 days. Used for hay,

pasture, and silage.

Ilsoy.—Pure-line selection from the Ebony variety made by the Illinois Agri-

cultural Experiment Station. Seeds brown with brown hilum; about 3250 to

the pound; maturing ha>- in 11 1 da>'s; too late for seed maturity in Massachusetts.

Used for hay, pasture, and silage.

Ito San.—Introduced from Japan in 1890 In- the Kansas Agricultural Experi-

ment Station. Seeds straw yellow with yellow hilum; about 3325 to the pound;

maturing hay in 96 days and seed in 130 days. Used for hay, pasture, and silage.

Manchii.—Introduced by U. S. D. A. from Ninguta, Manchuria, in 1911.

Seeds straw yellow with both black and brown hila; about 2350 to the pound;

maturing hay in 96 days and seed in 133 da> s. Used for hay, pasture, and silage.

Mandarin.—Introduced by U. S. D. A. from Pehluanlintza, Manchuria, in

191 1 . Seeds straw yellow with yellow hilum; about 2910 to the pound; maturing

ha\ in 80 days and seed in 122 days. Used for seed.
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Mansoy.—A pure-line selection from Manchu made at Arlington F"arni, Va.

Seed >-ello\v with slate-black hilum; about 2450 to the pound; maturing ha\- in

105 days and seed in 135 days, l^sed for hay, pasture, and silage.

Mediitm Green.—Introduced from Japxin in 1889 1)\- W. P. Brooks, Massachu-

setts Agricultural E.xperiment Station. Seeds green with brown hilum; alK)ut

2485 to the pound; maturing hay in HI days and seed in 137 days. Used for

ha\", pasture, green manure, and silage.

Minsoy.—Developed by Minnesota Agricultural Experiment Station. Seeds

straw yellow with brown hilum; about 3700 to the pound; maturing hay in 80 days

and seed in 117 da\s. Used for seed.

Mitkderi.—Selection from an introduction received from Mukden, Manchuria,

in 1920. Named and distributed In- the Iowa Agricultural Experiment Station

in 1932. Plants stout, erect, bush>-, maturing in about 110 days; pubescence

gray; flowers white; pods 2-3 seeded; seeds strawyellow with brown hilum; about

2750 to the pound. Valuable as an earh' grain variety.

Pekino.—Selection from Me\er variety- at Arlington Farm, \'a., in 1907. Seeds

black; about 6388 to the pound; maturing ha\' in 111 days; does not mature

seed in Massachusetts. Used for ha\' and silage.

Pinpii.—Introduced by U. S. D. A. from Harbin, Manchuria, in 1910. Seeds

straw yellow with brown hilum; about 2675 to the pound; maturing ha\' in 96

da>s and seed in 130 da>s. Used for ha\-, grain, and pasture.

Soysoia.—Introduced b>' the Minnesota Agricultural Experiment Station.

Seeds brown; about 4900 to the pound; maturing hay in 88 da>s and seed in

122 days. Used for seed.

Virginia.—Selection from Morse variet>- at Arlington Farm, \'a., in 1907.

Seeds brown; about 3455 to the pound; maturing hay in 111 days; does not

mature seed in Massachusetts. Used for ha>' and silage.

Wea.—Introduced h\ U. S. D. A. from Shuangchengfu, Manchuria, in 1911.

Seeds straw yellow with dark oiive-brown hilum; about 3246 to the pound; matur-

ing hay in 96 days and seed in 130 dajs. Used for ha\', grain, and silage.

Wilson-Five.—Selection from Wilson variety at Arlington Farm, \'a., in 1912.

Seeds black; about 5025 to the pound; maturing hay in 111 da\"s; does not mature

seed in Massachusetts. Used for ha\' and silage.

Wisconsin Black.—Developed b\- Wisconsin Agricultural E.xperiment Station.

Seeds black; about 3085 to the pound; maturing hay in 80 days and seed in 117

days. Used for seed.

Soil, Fertilizer, and Climatic Conditions

These tests were conducted on a soil classified as Agawam fine sandy loam.

This is a water-worked soil, of fair to good natural drainage, level to rolling to-

pography, free of stones, and fairK' fertile. It is quite homogeneous to a depth

of three feet or more, and is sufficienth' retentixe of moisture to enable crops

grown on it to withstand considerable drought. The field was tile-drained.

The reaction of the unlimed soil was about pH 5.5, but b\ liming this was raised

to and maintained at about pH 6.0. The texture and structure of the soil are
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such that good tihh is easil\- maintained. Ft can be worked sofjn after a rain

without fear of puddling. Altogether, the soil used nia>' be considered as almost

ideal for soybeans.

The soybean plots were rotated on the experimental field. Areas which had

received no fertilizer within recent years received 600 pounds of 16 per cent

superphosphate and 300 pounds of muriate of potash per acre. This treatment

was reduced one-third in amount when the area used for soybeans had been

fertilized within recent \ears for other crops. No nitrogenous fertilizer was used

for soybeans. The seed were inoculated with symbiotic bacterial cultm"es just

prior to planting.

There was more or less infestation of downy mildew (Ferouospora sojae Wolf)

and bacterial leaf spot {Bacterium sojae) during the period of the test. In 1^)31

grasshoppers caused some damage, and in 1932 the Mexican bean beetles slightly

damaged the crop.

The mean annual rainfall at Amherst is 43.49 inches, and for Ma\', June, Juh',

August, and September 19.53 inches. This is usualK- fairK- evenly distributed

throughout the growing season, the mean \ar\ing from 3.5 to 4.3 inches per

month. The total precipitation for the fi\"e months indicated abo\'e for the

period under consideration was as follows:

\ ear Inches

1929 13.09

' 1930 16.21

1931 24.62

1932 14.75

A se\'ere drought occurred during Jul\' and August in 1929, when the total pre-

cipitation for these two months was onl\- 2.24 inches. Crops on light, well-

drained soils of low water-holding capacity in this vicinit\' suffered from shortage

of water; but owing to the great depth and water-holding capacitx' of the soil

used for this experiment, and probabh" to a certain amount of water seepage

from higher levels, the soybeans did not suffer much, if an\'.

The mean date of the last frost is May 12, and of the first frost September 19,

in Amherst. Thus the mean length of the growing season for tender crops is

130 days. Planting usualh' occurred about the first of June, and the crop was

harvested from about the last week in August to the second week in September.

Ample time seems to have been available for production of maximum tonnage

of forage of the varieties tested. There is little if any advantage in planting

before the first of June, from the stamlpoint of forage production.

Production Data

In Table 1 are given field notes and data obtained on the varieties tested

in 1929. Data such as these will \ar\' more or less from year to \ear. but they

will be of approximately the same relative order.

In Table 2 are gixen the >ield of soybean seed for 1929 and 1930, the onl\-

years for which seed yields were taken, and the ha\- fields for the period 1929-

1931, inclusive. A study of this table shows that 1929 was on the whole a better

year for seed than 1930, whereas forage production was better in 1930. July of

1929 was abnormally dry and may have permitted better pollination than occurred

in 1930 when the rainfall was slightly above normal. The }ield of forage may
have been converseK- affected for the same reason.
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Table 2.-Summary of Soybean Yields

Variety

Seed, Bushels'

1929 1930 Mean 1929
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UTILIZATION OF SOYBEAN SEED

In the United States soybeans have been used priniarih' for forage. In recent

years increased seed production in the soybean regions has led to new uses with

almost unlimited possibilities. Many food and industrial products are being

developed from the bean and its b>-products, oil and oil meal.

For Livestock.—Soybean seetl contain from 30 to 45 percent protein, thus

comjiaring favorabh' with other concentrated feeds. The growing of seed, there-

fore, oflers the farmer a source of feed at a moderate cost for at least part of the

high-protein concentrates needed for stock feeding and milk production.

For Oil and Oil Meal.—The soybean contains a valuable oil which is used ex-

tensiveK' in Asia, in Europe, and in North America. At the present time there

are more than 20 mills for extracting this oil in the soybean seed production

regions of the United States. The oil is used in the manufacture of paints,

varnish, soaps, edible oils, butter and lard substitutes, rubber substitutes, linoleum,

glycerin, core binder, and numerous other products of which vegetable oils form

a part.

The meal or residue remaining after the oil is extracted has proved to be a

valuable feed for livestock. In various feeding experiments, soybean .real has

compared well with linseed and cottonseed meals as a source of protein for dairy

cows, cattle, swine, sheep, and poultry.

For Human Food.—The people of oriental countries have used so\beans as

food for many centuries, the protein in their diet being largely supplied from

numerous so\bean preparations.

The dried beans of light-colored varieties ma\' be cooked and used in the same

manner as navy or other beans. Yellow, brown, and green-seeded varieties

make a very palatable and nutritious green vegetable when the seeds are three-

fourths to full grown. If the pods are boiled for about 5 minutes, the seed can

be easily shelled and used in the same manner as green Lima beans or green peas.

Soybean flour, either from the whole bean or from oil meal, is becoming an

important food and is a commercial product in many sections of the United States.

Extensive tests have shown that this flour can be utilized in various breads and

pastries, in the proportion of about one-fourth soybean flour to three-fourths

wheat flour. The flour is also used in the manufacture of diabetic foods, breakfast

foods, malted milk, crackers, macaroni, and various other foods. Due to the low

starch content of the soybean, it is valuable as a basis of foods for diabetic persons

and others refiuiring this type of diet.

THE PLACE OF SOYBEANS IN NEW ENGLAND AGRICULTURE

Generally speaking, the future of the soybean in New England agriculture lies

in its ability to produce forage, either as green feed or cured ha>-. With yields

of only 2.5 to 3 tons of cured hay, however, it can hardly be expected to compete

with red and alsike clovers and alfalfa, which will yield 3 to 6 tons of cured hay

under favorable conditions. Therefore, the main use of soybeans will be as an e-

mergenc\' forage crop to be grown when seedings of clover or alfalfa fail, or when

cropping plans need to be changed on short notice, or for special cases. The
soybean is perhaps the best emergency leguminous forage for New England.
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Hay.—One of the most coiniuon uses of ihs soybean is for h;i\-, which can be

fed profitabh' to ail l^iiuls of li\est()cl<. As a sjurce of protein that can bs pro-

duced on the farm to l)alance fee Is for growing stock or for milk and butter

production, soybean ha\- will reduce the (juantity of high-priced concentrates

that it is necessary to purchase.

According to Henr\' and Morrison, soybean hay is slightly richer in total digest-

ible nutrients than is alfalfa. Animals usualK" refuse more of the coarse stems of

so\'beans than of alfalfa, but this will var\- with the \-ariet>" of so}-bean and the

rate of seeding, a heav\- rate giving a finer quality of forage. In Table 4 are

given fodder anahses of six varieties of so>beans grown in the test at this Station.

In addition the mean anahsis of five varieties of alfalfa grown near-b\' is given

for comparison. It will be noted that the soybeans generally run slightly lower

in crude protein but higher in nitrogen-free extract and fat than the alfalfa.

Considerable variation in the composition of the varieties of soybeans ma\" be

noted. It is of interest that the high-\ielding varieties in these tests are also high

in total digestible nutrients.

T.\BLE 4.--Fodder An.\lyses of Soybe.xn .\nd Alf.\lf.\ H.ws^

(Dr\- Matter Basis)

Variety
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of similar growth characteristics. As a green manure or cover crop it should

find its widest use on sandy soils subject to wind or water erosion, in orchards, or

in any situation where it is necessary to obtain ([uick growth. For best results

as a green manure crop, soybeans should be turned under before the crop becomes

mature.

Seed.—For reasons already- statetl, the growing of so\beans for seed as the

main product is not promising for New England. However, under special condi-

tions, such as high prices for seed, this production may be warranted. At present

there is considerable popular interest in garden \arieties of so>beans suitable for

human consumption, and this outlet ma\- be developed in the future.

Figure 3. Soybeans Interplanted with Japanese Millet When
Beans Were 6 to 8 Inches High.

Weeds are held in check by this method.

With Other Crops.—.Soybeans may be grown to advantage in combination with

various crops such as corn, Sudan grass, and sorghums. Corn and sovbeans

are grown quite extensively, the combination used most commonly for pasturage

or silage. Such a mi.xture reduces the yield of corn, which is only parth- com-
pensated for b\- the >ield of soybeans, although the protein of the mixture is

increased. The presence of the beans makes hand harxesting ver\- difficult and
uneconomical.

The Connecticut (Storrs) Agricultural Experiment Station has made an ex-

tensive study of corn and soybean mixtures.^ It was found that a mixture of

'Slate, W. L., Jr., and B. A. Brown. Corn and

(Storrs) Agr. Expt. Sta. Bui. 1:5.3. 192.5.

•beans as a combination crop for silage. Conn.
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corn and beans giving one stalk of corn to three of beans per foot of row gave
the largest total yield of dry matter and protein. With perfect germination,
two-thirds as much soybeans as corn will give this ratio. This is for so\ beans
of medium size, and due allowance should be made for large or small seeded
varieties.

Sudan grass is an excellent crop to grow with soybeans, for not only a higher

yield but a better-balanced forage is obtained. The best results are obtained
by seeding with a grain drill using about 60 pounds of soybeans and 10 pounds
of Sudan grass to the acre.

Millet and soybeans are sometimes used as a forage mixture. Japanese millet

may be broadcast at the rate of 10 to 15 pounds per acre between rows of soybeans
after the first or second cultivation. The earlier start of the beans prevents their

being smothered b\- the more rapidh- growing millet, and the millet is useful in

holding weeds in check.

Figure 4. Soybean Root Nodules—the Reason tfiat Three
Tons of Hay Can Be Crown on Good vSoil Without the Use of

Nitrogenous Fertilizer.

HOW TO GROW THE CROP

Soil Reqiiirewoit.—The soxbean is adapted to a wide range of soil types, but

may be expected to do best on well-drained sandy loams and sands. Anv soil

that will grow good corn will grow good soybeans, and the two crops have much
the same range in length of growing season. Soybeans have a little wider range

and a greater tolerance for unfavorable soil conditions. Though markedly



SOYBEANS FOR MASSACHUSETTS 13

drought resistant, the\' will also make a good growth on soil that is too wet for

corn. While the soybean is less acid-sensitive than clovers, it responds to lime

on acid soils, and fails to thrive in cases of extreme acidity. Soils having a reac-

tion below pH 5.5 should be limed before planting to soxbeans.

Preparation of Seed Bed.—A firm seed bed with a la>er of fine loose soil at the

top will insure the best results. The ground can be plowed either in the fall or in

early spring, and disk-harrowed just before planting, to kill all weeds that have
started. A firm seed bed can then be obtained with a smoothing harrow.

Fertilizers.—Stable manure can be used to advantage in starting the soybeans,

but it should be supplemented with 300 to 400 pounds of superphosphate and 50

to 75 pounds of muriate of potash. A small amount of nitrogenous fertilizer is

advantageous in starting the soybeans when manure is not used.

Inoculation.—Soybeans, if well inoculated, gather much of their nitrogen from

the air through the nodules on the roots. When seeded for the first time in a

field, inoculation is necessary. Commercial so>-bean cultures can be used, or

soil from an inoculated field can be spread at the rate of 250 pounds per acre.

Time and Depth of Seeding.—As soybeans germinate ver\- slowly in cool weather,

they should not be planted earlier than corn planting time. The>' are somewhat
more sensitive to frost than is corn. Seedings may be made as late as July 1 in

Massachusetts if the soybeans are to be used for hay, soiling, or green manure.
Maximum yields will be obtained from seedings made soon after danger from

frosts has passed.

In light sandy loams and sands, soybeans ma>- be planted 3 to 4 inches deep.

In heavy loams and clays, a depth of about 1 inch gives best results. Differences

in emergence due to depth of planting were brought out in a supplementary

experiment. 1 From a sandy loam soil plants emerged without difticulty when
planted as deep as 4 inches, whereas seedlings had difificulty in emerging from a

clay soil when planted as deep as 2 inches. The experiment also showed that

seedlings emerged much more rapidly with an air temperature of 72°F. than
at 61°.

Method and Rate of Seeding.—Soybeans can be sown in rows wide enough to

allow cultivation, or in close drills, or broadcast. Under conditions where weeds
are a factor, cultivation may be necessary- for weed control. The rows are

usually placed 28 inches apart on good soil and from 36 to 42 inches apart on poor

soils. The grain drill can be used for sowing either in wide rows or close drills

by covering the seed cups to adjust the width of row. Corn planters can be

used for planting soybeans by using plates adapted to this purpose. When
grown for hay in rows wide enough to allow cultivation, the plants should be
spaced about one inch apart in the row. This requires from 20 to 75 pounds of

seed per acre, varying with the size of seed and the width of row. If a drill or

planter is not available, the seed may be broadcast and covered with a harrow.

Weed Control.—It is not advisable to attempt to grow soybeans in a heavy
infestation of witch grass, though it can be done by planting them in wide rows
and cultivating them just the same as drilled corn. Nor is it advisable, as a rule,

to attempt to grow them in land so wet, heavy, and cloddy that a spike tooth

'Reported in a thesis entitled, "A study of varietal and cultural factors affecting the stand and
yield of soybeans," submitted by R. E. Stitt to the Faculty of the Graduate School of the Massachu-
setts State Col'ege for the master of science degree, 1930.
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hairow or weedcr will not work well. On land that can be cultixatefl with reason-

able ease, the ideal prorelure is to plow early, harrow at inter\als until plant-

ing time, plant, smooth and crnsh clods with a plank drag immediately after

planting. The land should then be worked with the weeder or spike tooth harrow,

set to work light, often enough to kill the weeds just before the beans come up.

UsualK' three or four harrowings will suffice. In harrowing, the rows may be

disregarded for the loss of beans by tramping and pulling will not be serious.

Plant at a little heavier rate to take care of the loss. In case it should be found

necessar>- to cultivate the beans for further weed control after they are 5 to 6

inches high, methods and im[)lenients ordinariK" used for cultivation of corn

may be used.

Harvesting Hay.—So\beans make good hay from the time the pods begin to

form until the seeds are about full grown. If the crop is cut when the seeds are

one-half to two-thirds developed, a better yield and ciuality of ha\- will be ob-

tained. Soybeans are more difficult to cure for hay than other legumes, but ma\-

be handled b> about the same methods. It is especialh- important to do the

raking while the leaves are somewhat tough, for the>- will crumble to pieces and

be lost if fulh dr>-. If the>- become too dr>- to rake without injury, they may
be left until towards sunset, when the>- will regain moisture and may be raked

w ithout loss, or they may be raked while dew is still on them the following morning.

The hav can be cured even after exposure to rain if it is cocked in such a manner

as to allow the free passage of air through it. Curing frames consisting of four

upright poles fastened together can be used to advantage. Soybean hay should

be thoroughh' cured before stacking, housing, or baling.

Harvesting Seed.—So>beans should not be harvested for seed until the leaves

have all fallen and the pods are fully mature. If harvest is too early, the yield

of seed will be materially lessened and a poor quality of seed secured. The

moisture content will also be high and considerable difficulty experienced in curing

the seed properh .

The grain binder may be used to advantage with the taller growing varieties.

The bundles should be small and not too tight. If a binder is not available, a

self-rake reaper or a mower with a bunching attachment may be used. The

ordinarv grain thresher can be adapted to threshing soybeans by removing the

first concave and substituting a wooden block. The speed of the cxlinder should

be reduced to about one-half the normal threshing rate.

Combines are now used extensively in the large seed-producing regions. These

machines cut the mature plants and elevate them to the c>linder, where the beans

are threshed.

Pests of Soybeans

Woodchucks seem to prefer young so\beans to anything else, and if not con-

trolled will destro>- an unbelievable acreage in just a few days while the plants

are small. The onl\- safe procedure is to patrol the field at least twice a week

while the beans are small, looking for bare spots or other evidence of woodchuck

damage, and when located, to exterminate the woodchucks forthwith. One or

two ounces of calcium cyanide thrown well down the hole, the hole then being

sealed with dirt, has proved ver\- effective.

An insect pect that has recenth- invaded New England is the Mexican bean

beetle. While this insect is less injurious to the soybean than to some other bean
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varieties, it will do some damage. The pest can be controlled with a poisonous,

spra\", but this method of control is, of course, impracticable on so\beans to be

used for forage.

Soybeans are also subject to certain bacterial, fungous, and virus diseases

which in some seasons significanth- affect yield and (|uality of the crop, but which

ordinarih' are not serious in New England.

^"•'''-^"—
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SUMMARY

T\vent\' varieties of soybeans were tested for \ielcl of hay for the three-^'ear

period 1929-1931. In two of these years yield of seed was also obtained. In

the fourth year all varieties which had yielded less than 2.5 tons of cured hay

were dropped from the test, and six new introductions added. The principal

results and conclusions are as follows:

Generalh- the forage-producing capacity was found to be in an inverse ratio

to the seed-producing capacity of the varieties tested, but there were some ex-

ceptions. Seed production varied widely according to the season. Production

data of both forage and seed should be accumulated through a longer range of

seasons before a definite conclusion can be made on this point.

In the three-year test reported, 11 of 20 varieties averaged 2.5 to 3.02 tons of

cured ha\-. The five highest-yielding varieties were: (1) Dunfield, 3.02 tons;

(2) Habaro, 2.75 tons; (3) Medium Green, 2.74 tons; (4) Harbinsoy, 2.70 tons;

and (5) Virginia, 2.67 tons. The fine stems of Dunfield and Habaro make them
preferable for hay. Medium Green and Harbinsoy have somewhat coarser

stems. These four varieties also have an erect or suberect growth, a point in

their favor. \^irginia is fine-stemmed but decumbent.

An experiment on depth and time of planting showed that these are important

factors in the growing of the crop. In light sandy loams or sands, seeds may be

planted as deep as 2 inches without reduction of stand. In the heavy loams, about

1 inch is the best depth of planting. Temperature, as governed by time of

planting, was found to be important. Seedlings emerged slowly or not at all

in cold soils. Seedings may be made from corn-planting time until about July 1.

Due to a comparatively short growing season, general lack of large areas of

tillable land suitable to the use of farm machinery, and general economic condi-

tions, the future of the soybean in Massachusetts appears to lie in its capacity

to produce high-protein forage rather than seed.

Publication of this Document .\pproved by Commission on Administration and Finance

4M-5-34. No. 1442
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Supplementary Mid-Morning Feeding

of Rural School Children

By Bernice Wait, Oreana Merriam, and Madaline V. Cowing

This study was undertaken to determine whether a mid-morning lunch given

to rural school children would produce any measurable effects on their physical

or nutritional condition or on their school progress.
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The investigations reported in this bulletin were organ-

ized and undertaken by Esther Davies and the work was

continued by her until her untimely death on July 12, 1931.

During these early stages of the study Dr. Mary S. Rose

was very effective as adviser and consultant, and the

authors hereby acknowledge their indebtedness.



SUPPLEMENTARY MID-MORNING FEEDING
OF RURAL SCHOOL CHILDREN

By Bernice W'ait, in charge of Home Economics Research, Oreana Mcrriam

and MadaUne V. Cowing, Laboratory Assistants'

Supplementary mid-morning school feeding was first used to provide extra

food for children who were obviously much underfed. While some children

did not seem to respond to such feedings, the results on the whole, as indicated

by an initial increase in weight, were sufficiently gratifying so that by 1920

mid-morning milk was quite generally recommended as helpful, if not essential,

for correcting undernutrition in school children. In some schools where funds

were available the lunch was given not only to the underweights but to all children

irrespective of their condition. In this way those who were undernourished

were not made conspicuous by being singled out for special treatment, and the

large group who were somewhat below par but not sufficiently underweight to

be judged "malnourished" also received the benefit of the extra food. It was
assumed by those advocating such blanket feeding that the children who were

already well-fed would adjust their day's food intake to the extra meal and were

in little danger of being overfed, while the majorit>- of children would be benefited.

Palmer (18) reported that a group of Detroit school children who were given

a school lunch for eleven weeks in 1919 gained 25 ounces more than their expected

gain, while those receiving no lunch lost an ounce. In many unpublished demon-
strations similar results were obtained. Because milk is recognized as a most

important article in the diet of children, and since so many receive less than the

amount generally considered adequate, these mid-morning feedings almost

invariabh' consisted of milk, with or without crackers.

That some other food as well as milk might be effective was suggested by a

study made in 1923 at Iowa State College by Newell and Miller (16), who reported

a sharp upturn in the weight curves of 12 out of 14 school children when 45 c c

of orange juice were given over a three- and later a two-week period. There

are, moreover, children who are taking generous quantities of milk and yet are

undernourished The question was therefore raised by a few observers whether

some other food, such as orange juice, which would supplement milk and was
stimulating to the appetite, might be more effective for supplementar\- feeding

in these cases.

With this in mind Chaney (2) observed a group of school children from middle-

class homes in Oakland, California, for two 8-week periods. All were 7 per cent

or more underweight as judged by the Wood standard but had only minor defects

otherwise and were "free to gain" as indicated by medical and dental examina-

tions. Chaney reported (1923) that either fresh orange juice, bottled orangeade,

or milk given in the mid-morning seemed of value in overcoming underweight

in children, since the mean percentage gains in weight were higher for the fed

than for the control groups. Two possible explanations were suggested for the

fact that milk produced less-marked gain than orange juice in this test: the lack

The authors wish to express their appreciation not onl\- to the communities in which the study-

was carried out, including the children, the parents, the teachers, and the school committees, for

their fine cooperation: but also to the dental hygienists and physicians who made the examinations

of the children, for their technical assistance: and particularly to Dr. Sallie H. Saunders for her

counsel and advice in the evaluation and interpretation of the medical records.
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of the antiscorbutic vitamin in milk, and its retarding effect on the appetite.

Inquiry indicated that most of the children were taking sufficient milk at home

and used oranges less plentifully. For this reason, the orange juice given at

school may have supplemented the home diets of these children more effectively

than milk.

This investigation was later continued by Morgan and her coworkers (13,

14, 15) in California by observations of small groups of children in the State

School for Deaf and Blind and in a junior high school, and a somewhat larger

group in a public school where the children came from a lower economic level

than those observed by Chaney. As before, the children apparently benefited

from the feedings, whether milk, orange juice, figs, or crackers were given. In

the first institution, where the basic diet included a quart of milk per child per

day but smaller quantities of fresh fruits and vegetables, the best gains were

made by the orange-fed groups as Chaney had found. In the last study, in

which the children came from poorer homes and had poorer diets, the results

were reversed, about equal gains being made by the groups receiving milk or

crackers, which in both cases were greater than the gains made by the orange-fed

group. In none of these studies was there a significant increase in gain in height.

The authors conclude that a definite superiority cannot be assumed for either

milk or the fruits for supplementary feeding, and that choice of such lunch for a

gi\en group of children should be made only after careful consideration of home

diets.

These studies were all made on relatively small groups of underweight children

and the results evaluated on the basis of an increased growth for comparatively

short periods. In 1928 Orr (17) reported that the addition of approximately a

pint of whole or of separated milk to the diet of groups of children of various ages

in seven schools in Scotland and Belfast during a 7-month period was accompanied

by a rate of growth, both in height and weight, 20 per cent greater than that of

groups of children of the same ages, in the same schools, but not receiving the

extra milk. The author also observed that there seemed to be an improvement

in the general condition of many of the children receiving the milk. This latter

finding seems to have been based on general observation rather than on careful

comparison of examinations made at the beginning and end of the study.

Since the present investigation was begun, Leighton and Clark (11) (1929)

have reported a continuation of the above study confirming Orr's first findings,

although the increase in the gain of their subjects in height seemed more marked

than their increase in weight. More recently (1931) Laird, Levitan and Wilson

(10) have reported that improvement was demonstrated in the behavior of 53

nervous children by giving milk or still more by giving milk plus a calcium-

phosphorus-vitamin D concentrate at nine-thirty in the morning. Another

study of interest in this connection is that made by Holmes, Pigott, Sawyer and

Comstock (8, 9) on a group of underweight women workers in an industrial

concern. The authors reported (1930, 1932) that, as a result of giving half a

pint of milk and a dessert-spoonful of cod-liver oil six mornings and five after-

noons a week from December 1 to May 15, the experimental group was absent

less hours per person per month and showed a higher efficiency than the control

group.

These studies would indicate that beneficial results may be expected from mid-

morning school feedings, at least in many underweight children, and in a large

enough proportion to bring about an increased mean gain in weight when given

to all the children of a school irrespective of their condition. In actual practice,
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however, such lunches have not been found to be always effective even with

underweight groups, and in some cases the advisabiHty of the feeding has seemed

highly questionable. Instances have also not been infrequent where parents

reported the child's appetite to be less at noon following the introduction of the

lunch at school, with resulting feeding problems.

Such clinical findings pointed to need of further study of the advantages and

disadvantages of school feeding, to ascertain what its possible effects might be

not only on the growth of the children but on their general physical and nutritional

condition, their school attendance, fatigue, and progress, and the condition of

their teeth; whether the beneficial effects were more apparent in children who
were in poor condition; and whether some children might fail to improve at all

or even show detrimental effects of the lunch. Previous studies made by Davies

(4) had indicated that in many homes throughout rural Massachusetts the diets

contained limited amounts of milk as well as of fresh fruits and vegetables, at

least during the winter months. Under such conditions would a supplementary

school feeding of milk or of fresh fruit with a high vitamin C and B content be

more efficacious?

It was with such questions in mind that this study was initiated and carried

on over a period of four years, involving a fairly large group of children. The

findings do not answer all the questions raised but do throw light on some prob-

lems as will be indicated in the discussion which follows.

PLAN OF THE INVESTIGATION

' Physical Set-Up

This investigation, as has already been suggested, was an attempt to determine

to what extent the nutritional status of elementary school children can be im-

proved by supplementary school feeding. Would the results of such feeding

be measurable? If positive, would they be sufficient to warrant a community

instituting a mid-morning lunch as a part of the regular school routine? Given

the usual home diet of rural Massachusetts, is milk or tomato a better food for

this purpose? Tomato juice was used because in New England it is less expensive

than oranges and at the same time it is a rich source of vitamins, especially of

vitamin C.

The project was thus presented to the school committee with the request

that the school and community cooperate by allowing the children to be the sub-

jects of the study. The splendid cooperation which was given by these com-

munities is indicated by the fact that with more than 400 families involved, in

only nine did the parents raise any objection to their child's part in the project,

and in no case was there complete lack of cooperation, even in the control school

which was receiving no feeding.

In carrying on the study as well as in presenting the project to the community

every effort was made to create a situation such that no conscious changes would

be made in the home diets of the children as a result of the school feeding. It is

entireK' probable that in some cases less milk or tomato may have been used at

home because the children were recei\'ing these at school, as may be anticipated

in any community when a school feeding is given. There are no data to indicate

in which homes this may have occurred. A study of the home diets at the

beginning and end of the school year might conceivably have revealed changes

that were pertinent to the study. It would have been very difficult, however,
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to make the home visits necessary tor the collect ion of such data without at the

same time doing some teaching, either consciousl\- or unconsciousK-, which ni'ght

influence the diets of the children still more.

Schools Studied

The study was carried on in four consolidated rural schools located in various

parts of the State and invo'ved in all some 760 children (386 girls and 374 boys).

Of these a fairly large group (230) were observed over a two-year period and 106

for three years. Unfortunately it was not possible to obtain complete records

on all these children.

Schools A and B were small, with a total enrollment of appro.ximately 90

children in each. All the grades in these schools were observed. Both were in

essentially rural farming communities with only a very small village: the first

in a town adjacent to a large metropolitan area, the second in the hills in the

western part of the State. The children of school A came largely from o'd New
England or Norwegian stock, those in school B also ver\- largeK' from old New
England families. School C was in a rural industrial village which was in many
wa>-s quite difTerent from the other communities. The population was very

largely foreign born. Mere than half the children were of Italian parentage; a

large proportion were Lithuanian, Polish, or English;a few were Irish and French;

and only a sprinkling were of Yankee stock. School D, which was in a neighbor-

ing village in the same town, was, on the other hand, predominantly of native

New England stock with a small percentage of French, Irish, Lithuanian, Norweg-

ian, Finnish, and Italian families. The last two schools were much larger, with

40 to 50 children in each grade. Only the lower four grades were used in both,

except during the last year when five grades were observed in school D.

E.xcept for the fact that the mills in Village C did not close during 1930-32,

even though not running at full capacit\-, the economic situation in these com-

nmnities was not unique, but was rather t\ pical of the more prosperous New
England rural towns. Probably few of the families would be rated as wealth\'

though a number were seemingly in quite comfortable circumstances. A large

proportion apparently belonged to that economic group with modest means,

while not a few had cjuite meager incomes, and a small group in each community

was receiving aid from the town welfare boards.

TJie Lunch

The study was begun in September 1929 in school A. The children were

divided into two groups similar in age and sex. To the one a lunch consisting

of a cup of whole milk plus a 20 calorie plain cracker was given; to the other,

1/3 cup of a 50 per cent tomato concentrate, equivalent to approximately 33

calories, plus the same sort of cracker as to the first group. Grade A pasteurized

milk with a high fat content (6 per cent') and from a tuberculin-tested Jersey'

herd was obtained from a neighboring dair\' and delivered at school each morning.

The tomato concentrate was canned by the Department of Horticultural Manu-
factures of the .State College.^ The concentrate was thicker in consistency than

most commercial products and presumal)l\' had a relati\'eK' higher food \alue,

'.\nal)sis made l>y Philip H. Smith of the Experiment Station Control Laboratory.

-The tomatoes were first cooked at slow boiling in a covered steam-jacketed kettle for approx-

imately 20 minutes and then pureed. To each gallon of this fine puree 4}4 ounces of sugar and

54 ounce of salt were added, and the pulp was concentrated to a specific gravity of 1.0.5S. put into

No. 2 sized cans and processed in boiling water for .30 minutes.
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including its vitamin A content. An assay for vitamin C showed it to be rich in

this constituent, 3 r c being sufficient to completely protect a standard guinea

pig from scurv}'. which was at least equivalent per unit of volume to the original

juice.

The work was not continued in School A during the year 1930-31. Further

observations as to the value of tomato for mid-morning supplementary feeding

were, however, carried on in school B in which all children were given a lunch

of Y2 cup of tomato puree plus a cracker. This amount proved to be more than

the smaller children would take readily. After December 10, 1930, therefore,

the amount given the three lower grades was reduced to 1/3 cup.

In the fall of 1930 a two-year study was also started in schools C and D. For

these two \ears (1930-32) the children of the first four grades of the former were

given each morning a lunch consisting of a cup of reconstituted evaporated milk

plus a cracker, while the children of the same grades of the latter formed the

control group and were given no feeding. The milk was reconstituted by adding

5 parts of water to 4 of evaporated milk. Three well-known brands of milk

•which could be obtained in large containers from local wholesale grocers were

used, either mixed or singly. A study of evaporated milk for supplementary

school feeding seemed pertinent since many communities do not have a source

from which they can obtain milk of a grade safe for school feeding.'

Although no detailed analysis of the data of the first two years had been pos-

sible at the time, even general observation suggested more or less improvement

in the children whether milk or tomato had been given as a supplementary feeding.

Since the food values of riiilk and of tomato are quite different, it seemed possible

that a combination of the two might produce a greater improvement than either

alone. Accordingly, during the year 1931-32, observations were again made in

school A. This year the children were given 2/3 cup of a mixture consisting of

4 parts evaporated milk, 4 parts tomato concentrate, and 1 part water, plus a

cracker. Although the tomato was quite acid there was no curdling when it

was added to the milk unless the mixture was allowed to stand for an hour or

more before serving. When served cold the mixture had a very pleasing flavor

and was well liked by the children.

As stated above, the children of school C in the industrial village came largely

from foreign homes where the food habits were probably quite different from those

of the majority of the children in the other schools including the control school D.

Moreover the Italian children, particularly, were noticeabl}- shorter of stature

at any given age than the majorit\- of the children in the other school. Because

of the inherent differences in the two groups of children the investigation was

continued through a fourth year by feeding the control school D. Grades I,

II, and IV were given a cup of evaporated milk reconstituted with water; grades

III and V, a cup of evaporated milk to which the same proportion of tomato

juice had been added. Three well-known commercial brands of tomato juice,

all of good qualit}-, were used for this final test. Samples from the shipments

given the children were assayed for vitamin C. Two were found to be almost

if not quite as rich in this constituent as are canned tomatoes, 3 and 4.5 c c being

sufficient to protect a guinea pig from scurvy. The third was less potent, 7 c c

failing to give complete protection. Fortunately the second and third brands

were fed mixed for the most part, so that the vitamin C content of the milk-

tomato mixture as fed, was not greatly different throughout the year.

'This part of the project was financed in part by a grant from the Evaporated Milk Association.
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Reaction to the Lunch

The reaction of the children to the evaporated milk was interesting and quite

reassuring to any who might hesitate to use this product thinking many children

would dislike and refuse it. During the first test the milk was flavored with spice,

but this was shown to be unnecessary, for the children in school D took the plain

unflavored product as readily as those in school C took the spiced milk. To be

sure, a few individuals in each group had difificulty in learning to like the evapora-

ted milk and took the lunch intermittently or only a part of a cup each day, but

the same was true when pasteurized milk was given. However, only two in each

school, about 1 per cent, refused the evaporated milk entirely because they

disliked the flavor.

The way in which the children in all the schools responded to the lunch, whether

milk or tomato or a combination of the two, was most gratifying, and is an illus-

tration of the splendid cooperation which may be expected from children if it is

requested in such a way as to appeal to their sportsmanship. Much credit for

the success in this regard is due to the teachers, whose fine spirit instilled into the

children a willingness and a desire to play their part even when their first impulse

may have been to refuse and when it took real persistence to bring themselves

to like the lunch. Realizing that to many of the children the flavor of evaporated

milk would be a new one for which they would have to develop a liking, only

about 1/3 cup was given the first day and the amount increased each day until

by the end of the second week all were being served a full cup. As was to be

expected the greatest lack of cooperation was among the older children, not so

much because they really disliked either the milk or tomato as because of their

fee'ing that a mid-morning feeding was only for little children and therefore

beneath their dignity. This was particularly obvious in a number of the fifth-

grade bo3's in school D.

The lunch was always given before the first recess in order that it might affect

the child's appetite for his next meal as little as possible. In most cases this w'as

at least two hours before the noon meal. The exact time of serving depended

on the community and the school program. In school A, for example, most

of the children came to school on busses from the surrounding country and were

ready for the feeding the first thing in the morning; while in schools C and D,

where the majority lived in the village, the lunch was more acceptable somewhat

later and was served either during or at the end of the first session.

Throughout each experiment one of the observers (O. M. or M. V. C.) lived

in the community where the feeding was being given, to prepare and supervise the

lunch, to keep the records of each child's daily intake, and to collect whatever

data seemed desirable. In each school, space was provided for this observer to

work and for the preparation of the lunch.

Length of Study

With the exception of school B, the supplementary feedings were begun in

the last week of September or the first week of October and continued for approx-

imately 150 consecutive school days to the first week of June or for about 8^
months This was exclusive of days in which the school was not in session

because of holidays, vacations, or epidemics. In Table 1 the length of the

experimental period, the number of children enrolled, and the nature of the mid-

morning lunch are given for each school for each year.
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Table 2.

—

Form of Medical Records and Phraseology Used in Describing
Conditions Observed

Surname First Name Date Birth School Grade

Physical Examination Date

1 POSTURE: erect, slightly round, round, slightly stooped, stooped, or

fatigued

2 BODY BLULD: slender, medium, heavy, or ver} heavy

3 EXPRESSION: alert happy, apathetic, or tired

4 NUTRITION: E,E-,G+,G,G-,F +,F,F-, P+ , P, P-, VP+ ,or VP
5 HAIR: thin or abundant; dry or moist; glossy or lusterless

6 SCALP: clean or dirty

7 EYES: (*); CONJUNCTIVITIS: none, ver\- slight, slight, present, or much
8 NOSE: clear or obstructed; acute coryza or not

9 EARS: infected, injected, or normal

10 LIPS—COLOR: red, slightly pale, pale, ver>- pale, or anemic

11 LIPS—TEXTURE: moist or dry; fissures or not

12 TONGUE: clean or coated

13 MUCOUS MEMBRANE: red, slightly pale, pale, very pale, or anemic

14 BREATH: sweet or fetid

15 THROAT: tonsils described

16 GLANDS—ANTERIOR CERVICAL 1

POSTERIOR CERVICAL
SUBMAXILLARY Ijust barely palpable, barely pal-

SUBMENTAL
[

pable. palpable, or enlarged

SUBOCCIPITAL
POSTAURICULAR
AXILLARY
INGUINAL

17 CHEST FORMATION: normal or postrachitic EXPANSION: normal

or limited

18 LUNGS: resonance—description of abnormal breath sounds and rales

19 HEART: rate, rhythm, strength of beat—any murmurs described

20 ABDOMEN: very firm, firm, slightK' soft, or soft; protuberant or not

21 PREPUBESCENT:
22 PUBESCENT:
23 POSTPUBESCENT:
24 SPINE: normal or limited in motion

25 SHOULDERS: straight, round, or stooped

26 SKIN: dry or moist; soft, smooth, or rough; clear or eruptions

27 AMOUNT SUBCUTANEOUS TISSUE: excessive, normal, slightly

deficient, deficient, or very much deficient.

28 SKIN COLOR: excellent, good, fair, poor or very poor

29 NERVOUS SYSTEM : normal, hyperactive, or hjpoactive

30 NAILS: described as to roughness, softness, brittleness

31 MUSCLE TONE: normal, slightly impaired, impaired, or very much im-

paired

32 BODILY REPOSE: excellent, good, fair, poor, or very poor

REMARKS: Any colds, or any obervations other than above which seemet'

pertinent.

*Observations not made after the second year, as there were no measurablf

changes.

If enlarged, diameter indicated
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in school A and all in schools C and D were made by the other. It is rather

unfortunate that the examinations were not all made by the same doctor, for

while the work of each was carefully done and entirely satisfactory, the personal
equation is such a large factor that the records of the two are not altogether

comparable. The necessity of using great care in choosing a physician for such
work was brought out quite strikingly when the records were evaluated. Although
both had had much experience in examining children and in well-child clinics

before beginning the work of this investigation, each succeeding examination
during the first year had obviously been made with greater discrimination, so

that the first year has necessarily been treated as a preliminary study. If this

were true of physicians who had worked with both well and sick children, how
much more should it be expected at first of a general practitioner who has had
little professional contact e.xcept with sick children.

Dental Examinations

Dental examinations were made twice each >ear, in September and June, by a

well-trained dental hygienist. The general condition of the mouth and gums,
the numbers of permanent and deciduous teeth, and the number of pits, fissures

and caries were noted. The examinations were made by use of a mirror and a
sharp dental explorer or probe, with the child facing a window so that daylight

rather than artificial light was used. It did not seem possible under these cir-

cumstances to obtain accurate records of the size of the caries or the hardness

of the dentine, which might have indicated whether the caries were active or

had been arrested during the experimental period. Unfortunately the same
hygienist was not able to continue throughout the study so that the personal

equation is a possible factor in the variation of results for the first two years.

For this reason results are given from the analysis of the data of the last two
years only.

Weights and Measures

Insofar as possible the children were weighed and measured at the time of

the medical examinations in September, January, and June by one of the workers

(O. M. or M. V. C). Unfortunately this did not seem feasible during the first

year (1930-31) in schools C and D, which necessitated the first measurements
being made after the feeding was begun and the last before it was ended. As a

result, a record of the total gains during that year was not obtained in either

school.

All weights were net or nude weights and made with the bladder empty. The
child removed all his clothes and donned a weighing robe, or a track suit if he

were an older boy, before his weight was taken. As the weight of the robe or

suit was known, his net weight was easily calculated. In every instance the

weight was taken twice and if the two did not check repeated a third time. Weights

were recorded to one ounce. That the variations due to intake of food and drink

might be eliminated as far as possible, the January and June weights were made
at the same hour of the day as the September one had been, or as near this as

could be done.

Heights were measured on a specially constructed stadiometer. The child

stood erect on the base platform with his heels, hips, shoulders, and head against

a broad board at the back and looking forward with his chin at right angles with

his body length. As the scale was double, his heght was first read in inches

and then in centimeters. If the two readings did not check the height was again
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taken. To further assure accuracy the child was asked to relax his position

between readings. The measurements were made with the child barefooted.

At the e.\aminations in June and September 1932 and in June 1933 a series

of anthropometric measurements were also made, following the technic described

by Franzen (7). These included chest depth and breadth, shoulder and hip

breadth, calf and forearm girths, and subcutaneous tissue over the biceps and

triceps. Only the hip breadth is used in this report.

Achievement Tests

Mental or achievement tests were given in October and in May in all except

the first year in school A. During the year 1930-31, the Otis Group Intelligence

Scale was used, and the total scores rather than the I. Q.'s compared. The
next fall the plan was changed, and achievement instead of intelligence tests

were given. Again the total scores rather than the educational or intelligence

quotients were compared. The New Stanford Achievement Tests were given

to all above the first grade. These are prepared in a series of forms each pre-

sumably of equal difficulty. Forms V, W, X, and Y were used in the four suc-

ceeding examinations given. That the children might be compared at various

mental levels, one intelligence test was also given in the middle of the year.

The Haggerty Intelligence Examination was used for the second and third grades,

and the National Test for older children. The first grades were given the Pintner-

Cunningham Primary Mental Test in the spring and fall. The total scores

were used for comparing school progress and a mean of the fall and spring I. Q.'s

as indicative of their mental levels. The Otis tests given during 1930-31 were

administered by the principal in schools B and C and by the room teachers in

school D. All subsequent examinations were administered by one of the writers

(B. W.).

Absences and Illness

It is conceivable that a child might be absent from school less because of illness

if his nutritional condition were improved. Records were, therefore, kept of

the number of days each child was absent during the experimental period together

with the reasons, particularly colds and other illnesses. In an attempt to get

a more accurate estimate of the prevalence of colds, the number of children in

school with colds was noted each day from January first to June first during the

last two years. There was no time for a routine examination, but on a chart

provided for the purpose the room teacher recorded all cases in which the child

had an obvious head cold. As most of the teachers had 40 to 50 youngsters under

their supervision, the records can be only superficial, but they are probably

indicative of the situation which existed, and it is justifiable to assume that errors

are compensatory.

Fatigue

That a mid-morning feeding may be helpful in relieving or decreasing school

fatigue has been suggested. It seems now rather unfortunate that no attempt

was made to study this point or to get any measurement of the degree of fatigue

or of nervousness in the children; particularly so, since the teachers were unani-

mous in their opinion that the children were more alert, and that discipline prob-

lems were less troublesome especially in the hour just before noon, when the

feeding had been given earlier in the morning.

Before going on to the problems met in evaluating the data, this discussion
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of the mechanics of the study may well be closed by saying that there would

have been many squeaking cogs but for the fine spirit with which the whole school

and community entered into the project. Much of the success in carrying through

the study is due to the cooperation of the teachers in adjusting their programs to

the periodic disruptions of their rooms caused by the various examinations and

tests and in keeping of records of absences and of colds.

EVALUATION OF THE NUTRITIONAL STATUS OF THE CHILDREN

The Problem

The problem of evaluating the nutritional condition of the children was not

the least of the difficulties encountered in the analysis of the data collected in

this investigation. The first question to be raised was, What does the phrase,

nutritional condition or status, mean? Is it simply a question of the quantity

of reserve energy as indicated by the amount of fat padding, whether adequate,

insufificient, or excessive? Such a view does not seem reasonable since food

supplies not only energy but materials for the building of body tissues and the

regulation of body processes. In other words, there is a qualitative as well as a

quantitative aspect to the problem, and the nutritional condition of an individual

involves the general condition and functioning of his tissues and of his body

fluids as well as the amount of fat covering his body. Seham (19) put the matter

rather pertinently, though in a negative way, in describing malnutrition in child-

hood. This condition, he said, is a "a state, a process which manifests itself

not onlv in underweight but in many associated functional disorders. * * * It

is not enough to measure the height and weight of the child. Nor is it enough

to know about the physical changes that have taken place in the individual."

Weight- Height-A ge-Scales

It is now 'quite generally accepted that neither weight-height nor weight-

height-age tables alone are dependable criteria of the nutritional status of children.

This, of course, is only common sense if "nutritional condition" is interpreted

in its broader meaning. It was apparent, therefore, that the percentage devia-

tion of the child's weight from either Emerson's (6) weight-height scale or the

Baldwin-Wood (1) weight-height-age scale could not be used as an index

of the nutritional status of our subjects. True, in a large number of cases either

standard would probably have given an accurate evaluation, but in many it was

obviously incorrect.

For example, the weight of Girl 189 deviated from the average weight for her

height and age by but —2.3 or —0.2 per cent, respectively, according to these

scales. Even the most casual inspection of the child, however, indicated that

she was not in good condition. Though she was fairly well-padded, the sub-

cutaneous tissue was soft and flabby; her color was pale and pasty with huge

circles under her eyes; she was listless and apathetic; and her posture was some-

what stooped and fatigued. On the other hand Girl 186 was a tall, rather slenderly

built child with all the clinical signs of being in good or even excellent condition.

While not plump she had sufficient fat padding so that her ribs were not evident

and certainly she would not have been called lean nor "malnourished," as a

deviation of 9 and 8 per cent below these standards would indicate. Not a

few, particularly boys, might be cited who were rated as seriously underweight

by either the Emerson or the Baldwin-Wood scale but who did not appear thin

and underweight as they stood stripped and who were in good physical condition
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as indicated b\' the medical examination. It would seem, then, that de\iation

from the average weight for height is not a dependable criterion of nutritional

status even from the quantitative standpoint.

This inadequacy of the weight-height, or weight-height-age tables for measur-

ing the nutritional condition of children is not a new finding but has been pointed

out by man}' previous observers. A nuinber of studies ha\e been reported

recently in which attemps were made to work out standards by which the child's

condition can be evaluated with greater accuracy.

Skeletal Measurements

The general assumption that weight varies with the body build as well as with

stature and with the mass of soft tissues seems logical. Franzen (7) emphasizes

the importance of skeletal dimensions in determining weight, and of the size

of muscles and the amount of subcutaneous tissue as indicating the nutritional

condition of children. He found that the correlation of height with weight was

much less than that of other skeletal measures with weight, and pointed out

that to base nutrition conclusions on weight-height ratios may cause great errors

because of hip and chest variations. He also found that the multiples of eleven

factors, including skeletal measures, girths, and amount of subcutaneous tissues,

showed a correlation with weight which approached unity. At the time of this

writing only the preliminary report of Franzen's study has been published.

In this he gives formulae and tables necessary for estimating the relative nutri-

tional status for 11-year-old boys only. Consequently, it has not been possible

to use this method in evaluating the nutritional condition of our subjects as

had been hoped.

Height-Width Index

Lucas and Pryor in San Francisco (12) have worked out a much simpler stand-

ard of "ideal weight" for height and width (hip breadth) at each age.- Hip breadth

was chosen as the single measure of width to be used because it is easily obtained

and is constant. Using the tables compiled by these observers the deviations of

actual from "ideal" weight was computed in all cases in which hip breadth had

been taken as well as height and weight. To our surprise the values found seemed

to be no more trustworthy an indication of the child's condition than those ob-

tained when the Baldwin-Wood scale had been used. Again in a large percentage

of cases, perhaps in a majority, the deviation of the child's weight from the ex-

pected weight probably gave a quite accurate picture of his nutritional status,

but in others it obviously did not. In the instances in which the discrepancy

was most evident, the children varied decidedly from the average in some skeletal

measurement. For example, some had broad hips but narrow shoulders, or vice

versa; others had long slender bones and still had broad shoulders or hips or

both; and still others had large heavy bones but were narrow hipped. This is

well illustrated by an extreme example. Girl 209 was a very narrow-hipped child

but had broad shoulders and fairly large bones. She was quite well padded

with fat, although she gave tha impression of tending toward thinness rather

than fatness. Not by any flight of fancy would one have called her obese although

she weighed 28 per cent more than her "ideal" weight.

In a large proportion of cases, particularly when the child was of average

build, the expected weight as estimated by the two scales (Baldwin-Wood and

Lucas-Pryor) did not differ greatly. \\ hen the child was slenderh built, the

latter standard seemed to gi\e the more reasonable evaluation.



MID-MORNING LUNCH IN RURAL SCHOOLS 15

Medical Examination

The medical examination alone, without taking weight or amount of sub-

cutaneous tissue into consideration, very apparently also gave an inaccurate

estimation in numbers of cases, especially of children who were in good general

condition but were thin. As Franzen found in his study, there was a tendency

for the physician to disregard the lack of subcutaneous tissue in evaluating the

condition of such children. For example. Boy 345 who was in excellent general

condition was rated as e.xcellent nutritionally even though he was so thin that he

appeared to have not one ounce of subcutaneous fat, and though the rating of

23.5 or 19.0 per cent underweight which was indicated by the Baldwin-Wood

and the Lucas-Pryor standards seemed to fit the picture he presented. This of

course was an exceptional case, but other less striking examples might be cited.

On the whole, however, the medical records appeared to give a more reasonable

picture than the other standards which it was possible to use with the data

available, e\en though the former were less objective.

Courtis (3) in a recent discussion of "The Prediction of Growth" has said,

"Agreement of experience with prediction is the supreme test of scientific truth:

That is 'true' which works." Each of the standards available so obviously did

not work in so many instances that their dependability as a measure of the

nutritional status of the children seemed questionable.

Method of Evaluation Used

In the absence of any reliable standard which would give an objective evalua-

tion of the general condition of the individual .child, at the end of the study

in each school the senior observer (B. W.) and the assistant who had worked in

that school pooled all data which had been collected for each subject and weighed

them as carefully as possible. The information used included all the medical

records, the evaluation of the child's nutritional condition as made by both the

nutritionist and the doctor at the end of each medical examination, the dental

records, the child's past history, his absences during the school year, his rate of

growth in height and weight together with his deviation from both the Baldwin-

Wood and the Lucas-Pryor standards, and a knowledge of the child gained by

having worked with him and watched him day after day throughout the school

year. From this careful consideration of all information available the general

nutritional condition of the child at the time of each medical examination was

rated as E, E-, G+, G, G-, F+ , F, F-, P-f, P, P-, VP+ and VP. In

many of the aNnalyses, these ratings have been used simply as excellent, good,

fair, poor, and very poor. Two ratings were made in each case, the first an

evaluation of the child's condition irrespective of his weight and based largely

on the medical records. Reference has already been made to this in discussing

the medical examination as an index of nutritional status. The second was an

attempt to evaluate the general nutritional status of the subject using all data

available and considering both the quantitative and qualitative aspects of the

situation.

Such an evaluation was difificult in any case and was very difficult in many
instances, especially when the children (as B 345 referred to above) were in good

or excellent condition as indicated by the medical records but were nevertheless

underweight; or when they had sufficient subcutaneous tissue but their general

condition otherwise was only fair or even poor. Just how much importance
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should be given to the qualitative evaluation and how much to bod\' weight and
the amount of subcutaneous tissue in such cases is a very nice question to decide.

Ratings made in this manner, of course, are subjective and severe criticism of

their use in analysis of data would be justifiable had they been made by poorlj'

trained or inexperienced observers. Nevertheless, if made by experienced workers

who know children as the laboratory man knows experimental animals, who
are able to recognize signs of health and well-being on the one hand and of ill-

ness and malnutrition on the other, and who have had sufificient experience to

enable them to develop standards and power of discrimination, such ratings

would seem to be a more accurate index of nutritional status than any obtained

by the more objective measures available at the present time. Certainly, incorrect

or even absurd evaluations were not apparent, as was true in some cases when
any of the conventional methods were used. This should not be interpreted

as a contention that the ratings of the general nutritional condition of the children

are absolutely accurate. Some variations are inherent because of the personal

equation, and the ratings would be expected to differ somewhat if made by another

group of workers. They do, however, represent the best combined judgment of

two observers on the basis of the data at hand and, the writers feel, give a reason-

ably accurate basis for interpreting the results of the study. The choice lay

between accepting the results from arbitrary methods which have been shown

to be inadequate in many instances or from a common-sense evaluation of the

best in all methods. The latter seemed the more reasonable procedure. Further-

more, as all the evaluations were made by the same individuals, those for the

same child at different seasons and for the various groups should be entirely

comparable.

Correlation Between Various Ratings of Nutritional Status

Assuming the more comprehensive general evaluation of the status of our

subjects to be the most accurate, it seemed pertinent to make a statistical analysis

of the data to determine whether the deductions as to the comparative value of

the different methods arrived at by clinical observation were confirmed. For

779 records in which hip breadth was included, the nutritional status of the

children was estimated by the use of the Baldwin-Wood and the Lucas-Pryor

tables as well as from the medical examinations. These ratings and the amount

of subcutaneous tissue, which is the clinical evaluation of the thinness of the

child, were all correlated with the ratings of the "general" nutritional condition

at the same examination. As had been anticipated the highest correlation was

found between the "general" nutritional condition and that obtained from an

evaluation of the medical records (qualitative nutritional condition), the co-

efficient being -f.93 (Table 3). This indicates that on the whole these two ratings

of nutritional condition do not differ greatly.

The other three correlations did not show so close a relationship and confirm

our first observation that none of the quantitative measures of nutrition are

dependable guides. A coefficient of even -J-. 72, as was found between the rat-

ing for general nutritional condition and the percentage deviation from the

Baldwin-Wood standard, does not indicate a close agreement between the

results of the two methods for evaluating the same conditions. Somewhat less

agreement was shown between general nutritional condition and the amount

of subcutaneous tissue (r = -|-.64), and still less with the deviations from the

Lucas-Pryor standards (r = -|-.49). It is somewhat surprising that the relation-

ship between this last standard and the general nutritional condition should
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have proved to be so low since body width as well as height had been taken into

consideration. It is interesting also to note that when these quantitative ratings

of nutritional status were correlated with each other, or with the qualitative

rating no really significant agreement between any two was found (Table 3).

The highest were those of the deviation from the Baldwin-Wood standard with

the amount of subcutaneous tissue (r = +.70) and with the Lucas-Prvor standard

(r = +.66).

Table 3.

—

Correlations Found Between the Ratings of Nutritional
Status of Children. (779 Examinations)

Correlation between General Nutritional Condition arid

Qualitativ^e nutritional condition + .93 ± .003

Amount of subcutaneous tissue + . 64 + 014

Deviations from the Baldwin-Wood scale +.72 + .012

Deviations from the Lucas-Pryor standard + .49 ± .019

Correlation between Qualitative Nutritional Condition and
Amount of subcutaneous tissue + .53 ± .012

Deviations from the Baldwin-Wood scale + .58 + .016

Deviations from the Lucas-Pryor standard +.35 + .022

Correlation between Amount of Subcutaneous Tissue and
Deviations from the Baldwin-Wood scale +.70+ .012

Deviations from the Lucas-Pryor standard + .45 + .019

Correlation between Deviations from the Baldwin-Wood scale and
Deviations from the Lucas-Pryor standard +.66+ .014

Correlation between Evaluation of Nutritionist and

Evaluation of physician (1559 e.xaminations) +.88 + .004

Little correlation was found between the "quantitative" and "qualitative"

ratings. Perhaps it is illogical to assume that there should be any correlation

and that the nutritional condition of an individual can be judged accurately

either by measuring the amount of fat padding or by noting the functioning of

his body by a medical examination. Yet investigators have tried to do that

very thing. They have looked at the child from either of two very diflferent

angles and then wondered why the impressions received were not identical.

In this connection the agreement between the ratings made of the nutritional

condition of the child at the end of each examination by the nutritionist and the

physician is of interest. These estimates were made independently, the nutri-

tionist recording hers before the physician gave her final evaluation. A fair

agreement was indicated for the whole group of 1559 examinations (r = +.88).

In many instances the estimates were identical, and in a majority the differences

were not great. Marked variations occurred for the most part either when the

child was in good general condition but thin, when the doctor's rating was higher;

or when the child had a severe lung infection though his general appearance was

good, in which case the nutritionist's rating was higher.

In such cases, which is the more important from the standpoint of nutrition,

thinness or proper functioning of the organs of the body? Are we by chance

attempting to treat a situation as if it were a unit when in reality it is dual in

nature?

As has been said, just how much weight should be given to the qualitative

and how much to the quantitative aspect of nutrition is a nice question to decide.

Would it have been wiser not to have attempted to decide it?
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Table 4.

—

Percentage of Children* at each Level of General Nutritional

Condition in September, January and June
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ANALYSIS OF DATA AND FINDINGS

Changes in General Nutritional Condition of Children

During the Experimental Period

The number of children who were in excellent, good, fair, poor, or very poor

general nutritional condition at the time of the fall examination and again in

the winter and at the end of the school year have been ascertained for each

school, and the percentage at each nutritional level calculated. The results

of this analysis are shown in Table 4 and are given in some detail as they indicate

the general condition of the various groups of boys and girls at the beginning of

the investigation as well as the comparative changes during the experimental

period.

Nutritional Status of Children at the Beginning of the Study

The records of 985 children who were examined in the fall and again In the

spring were complete enough for the children to be used either as control or as

experimental subjects throughout the year. Of this group of almost a thousand
children 6 per cent were rated as in excellent condition and 49 per cent as in good
general condition, that is, 55 per cent were good healthy youngsters with no
serious defects that could be ascribed to nutrition, and a small group were superb

specimens; ii per cent were in only fair condition, being obviously more or less

below par in general condition or very thin and much underweight; 11 per cent

were judged to be in poor condition and certainly needed attention; while 1 per

cent were considered very poor, being in most cases not only very evidently

poorly fed but also in need of medical care. Much the same story was found

when all controls were compared with the whole experimental group, approximately

55 per cent in each being rated as e.xcellent or good and 45 per cent as fair to

very poor at the beginning of the study.

On the whole, the relative numbers of children who were in satisfactory or

in unsatisfactory condition were comparable in the various schools. It may
be noted, however, that there were more children in poor or in very poor condition

and at the same time more superior ones in control school D than in the others,

while a relatively large group (55 per cent) in school C were in good condition.

The group indicated as "other controls" was made up of older children in school A
who had offered to serve as controls, together with all those in any of the groups

who had consistently refused to take the feedings. It is interesting that this

group of "other controls" contained a smaller proportion of children in fair or

poor condition than any others and accounts for the larger percentage of children

at these levels of nutrition in the two groups receiving evaporated milk and
tomato. It was natural that more pressure was used by both parents and teachers

to get children who were obviously in poor condition to take the feeding, and that

it was more difficult to persuade children who were well fed to take the lunch if it

did not appeal to them. It would appear also that more of the children who
seemed least in need of the feeding in school A in the first fall were given tomato
and more who were underfed were put in the milk group, probably all uncon-

sciously.

The condition of the boys as compared with the girls varied somewhat from
school to school. However, when all were considered, the difference between
the two sexes was not great, although slightly more (5 per cent) girls than boys
were judged excellent, and fewer fair (Table 5). Perhaps the fact that the boys
tended to be leaner with less fat padding may account for this.
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ALL RICEIvmO LUNCH

September

TOMATO COKOENTRATB

September

PASTEURIZED L' I L I

September

January

EVAPORATED MILK

September

January

EVAPORATED MILI AND TOMATO

Poor Very
Poor

Chart 1. The Percentage of Children in Excellent, Good, Fair, Poor, or Very Poor Nutritional

Condition in September, January, and June; showing that the proportion in good and excellent

condition increased during the year in the fed groups but decreased in the control group.
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As suggested above, a very large percentage of the children in excellent condi-

tion showed no change during the year. This proportion was greater, however,

in the fed than in the control group (58 and 39 per cent respectively). The pos-

sible improvement at this nutritional level was, of course, but slight (from a

rating of E— to E) and the drop when it occurred was rarely below G-f or G.

The percentage of children who showed no change in nutritional status during

the year was somewhat less at the other nutritional levels and tended to be least

for the children in poor condition. From a glance at the summary it may be

seen that the percentage of children who were in poorer condition in June than

in September also tended to be less for those who had been rated poor than for

those rated good in the fall, while the reverse was true for the children who
improved during the year. While the majority of children receiving the lunches

showed some improvement during the year, these changes in the individual

children were usually not great, more often being only one or two steps as, for

example, from G— to G or from G— to G+ . These gains or losses on the whole

were somewhat less when the child was in good condition than when he was in

only fair condition at the start. In other words, the greatest response to the

lunch seems to have been made by the children who were in fair or poor condition

when the feeding was initiated, as might have been anticipated. That children

who were underfed should respond to an increase in the'r diet after all is not so

surprising as that such a large proportion of children who were already in good

condition should show improvement. This suggests that, even though not poorly

fed, the home diets of the latter group must have been limited in some respects

to be so improved by the school feeding.

Comparative Results of Different Types of Lunch

Each type of mid-morning feeding given—whether tomato concentrate,

pasteurized milk, evaporated milk, or a mixture of evaporated milk and tomato

—

produced some improvement in the general nutritional condition of the children

as indicated in some detail in Table 6. A summary of these findings shows that

a greater proportion of those receiving the lunches than of the controls were in

better condition at the end of the year, while fewer of the fed groups were in

poorer condition in June.

Type of Percentage Percentage Percentage

Mid-Morning Better Showing Poorer

Lunch in June No Change in June

Tomato Concentrate 46 34 20

Pasteurized Milk 61 16 23

Evaporated Milk 53 30 18

Evaporated Milk and Tomato 57 28 15

No Lunch—Controls 34 26
'

40

The least improvement occurred in those receiving tomato concentrate, for

which several possible explanations may be suggested. In the first place, although

richer in vitamin C than milk, tomato does not contain as much of some other

food constituents so that its total food value is less. In the second place, 1 cup

of milk was fed but only 1/3 to 1/2 cup of tomato concentrate, which was not

quite equivalent in food value to 2/3 to 1 cup of the original juice, because of some

loss in cooking. And finally, the children's appetites may not have been stim-

ulated sufficiently by the tomato so that their food intake at other meals was

increased by as much as a cup of milk, or if stimulated, were not satisfied by foods

which had the same beneficial effects as milk.
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A slightly greater response to the feeding was observed in those receiving a

mixture of evaporated milk and tomato juice than in those receiving the milk

alone, but whether the difference is enough to be significant may be questioned.

Too great credence should not be placed on the apparent relatively greater im-

provement shown by the group receiving pasteurized milk, as these figures are

based on the preliminary observations and on a relatively small group of children.

Comparison of Changes Occurring in Fall and in Winter

A comparison of the improvement made by the children during the fall with

that made during the winter and spring raised the question of possible factors

other than the school feeding which may have influenced the condition of the

children. It appears that the majority made their gains from September to

January and did well to maintain these gains from January to June; while the

controls showed no gains in the fall and a larger proportion lost than gained

in condition after January. The cause of this difference in response of the

children during the fall and the winter, which is constantly in the picture through-

out the study, cannot be stated definitely. Probably there was no one cause.

It is conceivable, of course, that in some instances the lunch affected the child's

appetite for his noon meal with the result that his total daily food intake was

less than when no lunch was given. Under such circumstances the child's

condition would have been poorer in June as a result of the feeding itself. The
epidemics of colds and acute infections which regularly attack communities

during the winter months; smaller quantities of fresh fruits and vegetables in

the home diets at this season of the year, and in some instances diets limited

because of meager funds at the end of the year; and the lack of summer sunshine

are also possible contributing factors. It is also altogether probable that in

numbers of cases there were beneficial factors in the child's environment of which

we were not cognizant, and that he would have improved during the period of

observation without the mid-morning lunch as well as with it. All these factors,

both favorable and adverse, which were inherent in the child's environment

influenced both the control and experimental children. It would seem for this

reason that any differences found consistently in the reaction of the two groups

might be attributed, largely at least, to the lunch.

Conclusion

Therefore, the conclusion seems justified that all of the supplementary feedings

produced some, though not marked, favorable effects on the general nutritional

status of a majority of the children; that milk, either pasteurized or evaporated,

was more effective than tomato juice; and that the mixture of evaporated milk

and tomato juice apparently gave somewhat better results than either alone.

This conclusion was based on a consideration of the ratings of the general

condition of the children which were obtained through an evaluation of all in-

formation gathered concerning each child. It is inevitable that in such a general

picture some most interesting and illuminating details are lost sight of. An
analysis of the data as given by the medical examinations, records of growth in

height and weight, absences, illnesses, achievement tests, and dental e.xaminations

not only confirms the conclusions drawn from the general nutritional condition

of the children but brings out further observations of interest and therefore seems

pertinent. A discussion of the findings from each of these phases of the study

is given in the pages to follow.
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Results of the Feeding as Indicated by the Medical Examinations

Evaluation of Records

The evaluation of the records from the medical examinations presented as

many problems and proved as difficult as the estimation of the nutritional status

of the children. The reports of other investigators offered little by way of help.

Some have attempted to analyze data from medical examinations by tabulating

the number of defects found per child, others by determining the relative fre-

quency with which such defects as poor posture, carious teeth, or infected tonsils

appeared in the different groups observed. Such analyses did not seem adequate

for our purpose, for no improvement would be indicated by these methods unless

a given defect was completely corrected, and no possible injury except as a new
defect appeared. To illustrate: posture might improve from fatigued to round-

shouldered, but round shoulders would still be classed as a defect. To assume

that a mid-morning feeding would be a panacea for the correction of the ills of

malnutrition and undernutrition seems presumptuous. A more reasonable

expectation i^ that these ills would be either aggravated or improved and occa-

sionally corrected by a supplementary lunch. Our problem was to devise some
way of estimating changes in degree of the defects found as well as noting their

incidence and disappearance.

One possible method of reaching this objective in part was to ascertain the

relative number of children in each group in whom some change for better or for

worse occurred in each of the points described in the medical records, as had been

done for general nutritional condition; that is, to observe in how many instances

the child's posture, or his color, or his tonsils improved or not. Such an analysis

has been made and will be discussed later, although it does not give a picture of

the changes in the child's physical condition as a whole.

An attempt was made to compile a score card for the evaluation of the medical

records which would give such a comprehensive picture. This did not prove

feasible, for there were not sufficient data available to indicate how much weight

should be given posture, color, tonsils, lungs, subcutaneous tissue, et cetera, in

making a complete score card. Whether the conditions found in some of the

points observed, as injected conjunctivae, congested lungs, protuberant abdomen,
or muscle coordination, are at all influenced by the nutrition of the child or are

entirely dependent on other causes, were found to be debatable questions with

no data adequate for answering them. A number of experienced pediatricians

who were particularly interested in child health from a positive standpoint were

approached, but their opinions of the relative importance of various observa-

tions in a picture of the whole child were so divergent as to be of no assistance.

One man, for example, considered the condition of the lungs in itself to be no

indication of the child's nutritional condition; another considered it one of the

criteria of minor importance; while a third rated it second to no other and would

consider a child with a severe congestion of the lungs, particularly if there were

any symptoms suggestive of tuberculosis, to be in poor nutritional condition

irrespective of his condition in other respects. All of which is no criticism of

pediatricians but simply indicates that our knowledge of what makes up good or

poor nutrition and of the extent to which various factors contribute to the whole

picture is in a stage which may be quite accurately described as a muddle.

In such a quandary the entirely subjective method which has already been

briefly described in the discussion of the estimation of the general nutritional

condition of the children was resorted to in evaluating the data given in the
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medical records. (See page 15.) That is, at the end of the experimental period

the data given in all the records for each child were pooled, weighed, and evaluated

by the observers. This seemed the only method possible with the present state

of our knowledge, and the authors feel that the ratings derived by its use are a

sufficiently accurate index of the condition of the children to be used in analysis

of the results of the findings. In a full knowledge of the danger of accusations

of being unscientific, this is submitted as the most scientific approach possible

to the problem at the present time.

During the first year the details of method and particularly the phraseology

for describing the conditions found were being worked into definite form. In

each case, also, during the first year the physician so obviously improved in

ability to describe the condition of the children with discrimination that the

first records are not altogether comparable with those made later. Moreover,

the senior author had observed the examinations of the children for only the last

two years and as a result had less basis for judging the first two years' records.

For these reasons the first two years have been regarded as preliminary, and

findings from the analysis of the data reported only when they confirm those of

the last two years. In general, however, when any difference was found between

the first and last half of the records, it was in degree and constancy rather than

in trend of results.

Relationship of Points Observed to "Qualitative" Nutritional Condition

Since so little information was available that indicated to what degree a clinical

sign may be an index of nutrition, it seemed of interest to determine what relation-

ship existed between the various points observed by the physician and the nutri-

tional status of the children as judged from the medical examination. Accordingly,

correlations were run for all the observations in which the description had been

sufficiently detailed to make the comparison of statistical value. Only the ex-

aminations made during the last two years were used. The coefficients of corre-

lation obtained are given in Table 7.

Table 7.

—

The Correl.a.tion of the Various Points Observed by

THE Physician with the Nutrition.\l Condition of the Child-

ren AS Judged from the Medical Examination

Number of Coefficient of

Points observed Examinations Correlation

Muscle tone

Skin color

Lungs

Amount of subcutaneous tissue

Posture

Glands (total scores)

Tonsils

Color of mucous lining of mouth . . .

Bodily repose

Heart

Color of lips

Conjunctivae (injection)

Muscle coordination

1808
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The closest relationship found with the "qualitative" nutritional condition
was that for muscle tone and for skin color, the coefficients being +.70 and +.69
respectively. Somewhat less correlation was shown with the condition of the
lungs, amount of subcutaneous tissue, posture, size of lymph glands of the neck,
and tonsils, the coefficients ranging from +.55 to +.38. These values would
indicate that both muscle tone and skin color are important factors in the evalua-
tion of nutritional condition and that the other points mentioned above, while
less significant, also contribute more or less to the picture. Some significance

may also probably be attached to the color of the mucous membrane (lining of

the mouth), though a value of but +.30 for r would indicate that it is not great.

The coefficients obtained for bodily repose, heart, color of lips, conjunctivae, and
muscle coordination are too low to indicate the existence of any significant corre-

lation with status of nutrition.

E
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As would be Inferred from such coefficients of correlation, the scatter in every
case was wide, indicating that many factors are involved in the picture of an
individual's nutritional condition even from a qualitative standpoint, and also

that the observations made by the physician are affected by other influences as
well as nutrition. Particular attention may be called to the relationships in-

dicated for the condition of the lungs and tonsils and the amount of subcutaneous
tissue with the nutrition ratings, which are shown graphically in Charts 2, 3,

and 4.

The scatter plot (Chart 2) indicates that children might be rated from excellent

to very poor nutritionally and at the same time have lungs in which no defects

were found. But children whose lungs were in very poor or poor condition, for

the most part also had other symptoms which marked them as poor from a
nutritional standpoint.

Subcuteneou:

Excessive
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were not made for a number of observations which may be of importance. As a
result no guide for weighting their influence was obtained. This refers to ex-
pression, and the condition of the hair, abdomen, skin, and nervous system in

particular. It may be, too, that some better indication of the amount of hemo-
globen in the blood might be used than the color of the mucous lining of the
mouth, although the latter was obviously somewhat better than lip color. Some
observations which now seem important criteria on the basis of the experience
of the study were not included in the examinations. For example, is not the
quality of the subcutaneous tissue, its flabbiness or firmness, pertinent as well
as the amount of fat padding? Then, how is one to describe that exuberance of
well-being apparent in superb children, or the lack of it which is obvious in the
appearance of other children but which may not be indicated clearly by the
condition of the heart, lungs, tonsils, or even skin color? More careful work
is needed before any rating scale which might be compiled for evaluating medical
examinations may be expected to prove more satisfactory than estimations
based on the careful judgment of a skilled observer. -^^^r^j^

E • - 5 <»«e. » , . : .
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E- : .

a . ,. .. .: j:: ::: :;
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" :" v.: ::•

p o . o .. .% .. ::: .; ::: ::; :" :i
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alltatlve Nutritional Condition

Chart 4. Correlation of the Condition of the Tonsils with "Qualitative" Nutritional Condition
;

showing that good tonsils were rarely found in children who were in poor nutritional condition,
although poor tonsils might occur in children otherwise in good condition.
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Accuracy of Medical Examhiations

The accuracy of data in which the personal equation enters so largely as in
medical examinations is always open to question. An attempt was made,
therefore, to obtain some idea of the dependability of the records by observing
the accuracy with which the physician would duplicate a number of examina-
tions. Whether fortunately or unfortunately, a week or ten days was allowed
to elapse between examinations. As a result the influence which colds and acute
infections may have on the records is show n more clearly than the relative accuracy
of the physician.

The conditions as given in the twenty-six duplicate examinations were corre-
lated with those found in the original ones. With so few cases the coefficients

obtained are significant only in indicating that in no instance did a high degree
of agreement exist (Table 8). Further study of the two sets of records showed
that practically every child had a cold at the time one examination was given
or between the two or shortly before the first. Less correlation was indicated
in conditions more apt to be influenced by acute illnesses as lungs and conjunc-
tivae, or in those involving a change in color, which suggested that the lack of

VP p-

Orlglnal Essmlnatlon

P+ F- P P+ (}-

0+

P+

P

g P-

<=> P+

Chart 5. Correlation of tlic Condition of tlie Tonsils Found in 27 Duplicate Examinations
with that in the Original.

F In most instances lack of agreement could be explained by colds, indicating that the physician's
work was guile accurate. Crosses (-f ) indicate that the difference may be explained by a cold.
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Table 8.—Correlations of Duplicate with Original Examina-
TioNs Made on Twenty-six Children

1 Amount of subcutaneous tissue +.87 + .033

2 Heart +.82 +.043
3 Posture + . 81 ± . 046
4 Tonsils +.79 ±.049
5 Qualitative nutritional condition . + . 75 ± . 058
6 Glands _|_ 72-j-.o57

7 Lungs _^ 67 +.071
8 Bodily repose +.62 + .082

9 Conjunctivae + . 60 + 084
10 Muscle tone _|_ 52 + 097
11 Color of lips +.30 +.120
12 Color of skin _|_ 27 + . 123

13 Color of mucous lining of mouth +.21 + .127
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close agreement between the examinations might well be due to actual changes

in the condition of the children because of colds, rather than to inaccurate work

on the part of the physician. In confirmation of this it was found that, except

when color was in question, in almost every case in which the difference between

the two examinations was more than one step (for example from G to G— ) it

was in the direction which would easily be explained by the cold. In many cases

a variation of one step could be explained in the same way. This is illustrated

by Chart 5 in which the relationship of the condition of the tonsils as given in the

two sets of examinations is depicted by a scatter plot. Crosses (+) indicate

that the deviation could be explained by a cold. Scatter plots of other condi-

tions observed give similar pictures. More unexplained discrepancies were found

for the color of lips, mucous membrane, and skin, which raises the question of

the dependability of observations in which changes of color are an index (Chart 6).

Change in Condition of Children Shown by Medical Examination

Tables 9 and 10 give the results of the medical examinations analyzed on the

basis of percentages of children showing changes during the experimental period.

In Table 9 the results of the analysis for each point observed by the physician

are compared. The experimental group as a whole was in better condition in

June than they had been in September, but the control group was not. In the

fed group 63 per cent had improved and only 14 per cent were in poorer condition

at the end of the year; while but 33 per cent of the controls improved and 31

per cent were in poorer condition at the end of the same period. Improvement

in posture, color of the mucous lining of the mouth, tonsils, and glands was also

shown in a larger proportion of fed than control children. The difference was

less marked in case of expression, hair, color of lips, lungs, heart, abdomen, skin,

and muscle tone. For skin color, the eyes and ears as indicated by injection or

inflammation of the conjunctiva and drums, amount of subcutaneous tissue,

condition of the nervous system, and muscular coordination, the differences

indicated, if any, are too small to be significant. In only one instance, bodily

repose, are possible ill effects from the lunch suggested, and the differences between

the control and experimental groups are too small to seem really significant.

Because of the effect of colds found when the duplicate examinations were

compared with those made on the same children a few days previously, all exam-

inations were discarded if made when the child had a cold or an acute infection

of any nature, or if there was anything in the child's history which might explain

conditions found or changes occurring since the preceding examination. This

included recent colds and other acute illnesses as measles or whooping cough from

which recovery was seemingly not complete; severe chronic infections which might

have caused a loss in spite of the extra feeding; and the removal of tonsils during

the year or in the previous summer, as the tonsillectomy might explain any im-

provement during the year. A few records were discarded because the father

lost his job and the family was thrown into such straitened circumstances that

the children received less and insufficient food at home.

After discarding all examinations in which causes other than the lunch were

indicated for the changes observed, this analysis was repeated for those observa-

tions in which a significant correlation with nutritional condition had been found.

The results are also given in Table 9. As before, the proportion who.se general

condition, posture, color of mucous membrane, tonsils, glands, and skin color

improved was greater for the fed than for the control children. There was,

however, no significant difference shown between the condition of the lungs
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of the fed and control groups after the influence of colds was eliminated. Changes

in amount of subcutaneous tissue and in muscle tone do not seem significant.

It may be that these last do not reflect the changes in nutrition quickly or that

the methods of describing these conditions were too crude to indicate slight

changes.

Further analysis of the numbers of children showing changes in nutritional

condition as judged from the medical records is given in Table 10. After dis-

carding for colds, etc., this shows a slight increase in the percentage who improved

from September to June and a smaller percentage who were in poorer condition,

which was largely due to the children receiving the evaporated milk. The most

Table 10.

—

Percentages of Children Whose Condition as Shown by the

Medical Examinations Changed During the Experimental Period

Accompanying a Mid-morning School Feeding

Type of Mid-Morning
Lunch

All Children After Discarding for Colds, etc.

Total
Percentage

Tota
Percentage

Number Better Showing Poorer Number Better Showing Poorer

End of Change End of

Period Period

End of Change End of

Period Period

September to January

Tomato Concentrate Ill 38 4-1 IS

[Pasteurized 42 57 24 19

.1 Evaporated 421 7.3 20 7

I

Evaporated plus Tomato 146 62 26 12

[Total 609 70 21 9

All Receiving Lunch 720 65 25 10

No Lunch—Controls 284 27 41 32

January to June

Tomato Concentrate Ill 27 4S 2.5

[Pasteurized 42 43 26 31

j^ilk I Evaporated 399 25 48 27

I

Evaporated plus Tomato 131 37 32 31

[Total 572 30 42 28

All Receiving Lunch 683 29 43 28

No Lunch—Controls 285 31 45 24

September to June

Tomato Concentrate 113 36 40 24

[Pasteurized 44 54 23 23

Milki Evaporated 406 70 20 10

J

Evaporated plus Tomato 138 66 20 14

[Total 588 68 20 12

All Receiving Lunch 701 63 23 14

No Lunch—Controls 285 33 35 32

97 36

374 74

471 67

162 .30

43

20

25

44

49

103
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striking effect of colds shown in this table is that, while the percentage who
•mproved from January- to June was shown to be the same whether the influence

of colds was eliminated or not, the percentage whose condition became poorer

during the same time was less after colds were discarded, indicating that part of

the drop noted in the spring was due to these acute infections.

In the first analysis the findings had been the same as those from a similar

analysis of changes in general nutritional condition; that is, during the fall a much
larger proportion of the fed children improved than became worse, while the

proportions in the control group were about the same. During the spring both

groups just about maintained the January status with little or no relative im-

provement, so that the gains throughout the year apparent in the fed group were

for the most part made in the fall. After discarding for colds a smaller percentage

were in poorer condition at the end of spring.

When the groups receiving the different lunches are compared, the milk or

the mixture of milk and tomato seem to have caused most changes. Only a

slight difference in proportion of improvement is indicated in favor of the tomato

over the controls. Again we hesitate to compare the effects of evaporated and

pasteurized milk, as the findings for the latter are based on records made in the

preliminary years of the investigation and on only a small group of children.

It seems obvious, however, that milk, either pasteurized or evaporated, produced

improvement in a larger percentage of children than tomato concentrate; and

the tomato, in a slightly greater percentage than no lunch. No greater influence

from a mixture of milk and tomato than from milk alone is indicated.

Change in Size of Glands

A decrease in the size and number of palpable glands seemed so obvious at the

end of the first year that in the following years particular care was taken in

describing them. The glands noted were the posterior and anterior cervicals, the

submaxillary, submental, postauricular, suboccipital, axillary, and inguinal.

A score card was compiled in which 100 indicated no glands palpable. Of

this total 48 were given to posterior cervicals, 24 to anterior cervicals, 10 to sub-

maxillary, and less to the others which were palpable but occasionally. A definite

amount was deducted when any gland was barely palpable, more if palpable,

and still more if enlarged. The condition of the glands as described for each

child at each examination was scored in this manner. The mean total scores

as well as the scores for the posterior cervical, the anterior cervical, and the sub-

maxillary glands are given in Table 11. Only the e.xaminations remaining after

discarding for colds and acute infections have been used. The mean total

scores for all children were:

Fed Control

Group Group
September score 77 77

January score 89 79

June score 87 77

That is, the mean score for the controls was the same at the beginning and at

the end of the year, while that for the children who had received the feeding had

increased 10 points or 1.3 per cent. In January and in June, the mean scores for

the children receiving the mixture of milk and tomato were but 2 points higher

than for those given milk. This difference does not seem enough to be signifi-

cant.
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The gland scores for six succeeding examinations at schools C and D are shown
in Chart 7. The curve of the control school D drops from September 1930 to

January 1931 and then slowly rises to a high point in January of the following

year but drops again in June. The curve of the mean scores of school C, which

had the feeding, rose during the first fall, was still high in June, but dropped

almost to the original value in the following September. The high point was

attained in the second January but was not maintained, though the score in

June was higher than that in September.

Why the difference in the two year's records is not clear. All records in which

there was indication of colds had been discarded. However, it is possible that a

Seore

100

60

50

September
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Table 11.

—

Mean Gl.\nd Scores of Children .\s Affected by a Mid-morning

School Feeding*

School
and
Year

Number of

Children

Sept. Jan. June

Total
Gland Scores

Sept. Jan. June

Posterior
Cervical

Sept. Jan. June

Anterior
Cervical

Sept. Jan. June

Subma.\illary

Sept. Jan. June

Evaporated Milk

[1930-31
C 1931-32

iTotal

D 1932-33

Total

A 1931-32

D 1932-33

146
127
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T.A.BLE 12.

—

Weekly G.mns of Children in Weight and Height as Affected
BY A Mid-morning Lunch
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These findings are given in terms of the mean gains per week, actual and per-

centage, for boys and for girls at each age. The normal rate of growth of children

is known to vary with sex and with age. Therefore, the experimental and control

groups could not be compared as a whole. Because of the length of time re-

quired to obtain stripped weights of so large a number of children, the time

elapsing between the first and last weighings varied more or less. The total

gains have therefore been reduced to gains per week to make them comparable.

In the first year in school D the fall weighings were not made until December or

January. Both the total gains and weekh- gains were lower in this group than

in the same school the next year, probably because of the seasonal variations

usually found in the growth of children. For this reason the records for the

growth of the children in school D during 1930-31 have not been included in the

summary. The rate of growth of children at any age varies more or less with

their stature. To eliminate this variable, the weekly gains were calculated in

terms of percentage of the fall weight or height.

As has already been stated, no influence of the feeding on gains in height is

indicated either by the actual or percentage gains per week of the boys or of

the girls. Greater gains in weight were found on the whole, however, in the fed

children from six to twelve years of age. Numbers of older children were too

few for a comparison to be significant. With the exception of the one receiving

evaporated milk, the fed groups were not large, and the numbers at each age,

therefore, were relatively small, which probably explains some of the fluctuations

found. The mean gains of the evaporated milk group were more consistent and

for the most part greater than gains observed in the controls. That these gains

were less than those observed in the other fed groups may have been due in part

at least to differences in stature. Children who are tall not only ga'n more but

gain at a more rapid rate than short ones, and the majority of the children given

evaporated milk were obviously shorter than children of the same ages in other

groups.

To eliminate the possible racial factor, gains made in school D during the final

year when a lunch was given were compared with those of the preceding year

when the children were not fed (Table 13). With the exception of six-year-olds,

the percentage gains per week were greater lor the last year, and this improve-

ment with the giving of a lunch was on the whole slightly more than that for all

experimental children. The amount of this increase in gain in weight seems really

somewhat surprising, as it varied from 10 to 50 per cent above that made by the

controls. The difference in the six-year-olds is due not to less growth in the fed

children at this age but to a relatively greater growth by the controls than w^as

found at any.other age. The explanation of this is not apparent.

It is quite generally thought that older children need extra feeding less than

little ones, and therefore that supplementary feeding rs more important for the

lower grades. The results of this investigation do not confirm this popular

belief. Age did not seem to have any influence on the proportion of children

who improved, as shown by the medical examination, nor did the growth of the

younger children appear to improve any more than that of the older ones. On
the contrary, the greatest percentage increase in gains in weight was made by

the twelve-year-old girls and the eleven- and twelve-year-old boys, while no im-

provement was evident in the six-year-olds.
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Table 13.

—

Weekly Gains of Children in School D in Weight and Height
WHEN Given Mid-morning Lunch as Compared with No Lunch

Number of Mean Gain in Height Mean Gain in Weight
Children per week per week

Group Boys Girls Boys Girls Boys Girls

Cm Per
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had been epidemics of "flu," measles, scarlet fever, or whooping cough, which in

some instances were so general that schools were closed for a number ot days.

This being the case, it is not at all clear whether any of the differences found in

school attendance were brought about by the lunches or whether they should

be attributed to epidemics of acute infections or some other causes not so apparent.

The same may be said for the difference in the incidence and duration of colds

in the various groups. Was it just chance or due to the feeding that the fewest

days of colds came in a group which had no other epidemics during the winter,

and that the total days of colds per child were the same from January to June in

school D during the year in which they were given a lunch and the year when
they had none? The findings show so many fluctuations and there are so

many other possible causes of variation in the picture that any conclusion as

to whether or not the lunches affected either the absences for illness or the in-

cidence of colds does not seem warranted.

Influence of the Lunch on School Progress

An attempt was made to ascertain whether the lunches had any effect on

the school progress of the children by comparing the total scores of the same

mental achievement tests given in the fall and again about seven months later,

in the spring. The findings from an analysis of these data do not give a clear

picture.

During the year 1930-31 the Otis Group Intelligence Scale was used. For

the first, second, and fifth grades the mean increase in the total scores for the

May examination over those for the November examination was greater for the

fed than for the control children. For the third and fourth grades the situation

was reversed. For the whole group of 213 experimental children the mean
increase was 6.3; for the 145 controls, 5.8 (Table 14). The difference does not

seem significant. If there were an>- beneficial effects of the feeding, the tests

given were too crude to detect them.

During the next two years the New Stanford Achievement Test was given to

all but the first grades, which received the Pintner-Cunningham Primary Mental

Test. Again the difference between the mean scores of the experimental and of

the control groups in the first five grades as a whole was slight and was greatest

for the first and second grades. The variations in the upper grades were less and

fluctuated, sometimes in favor of the experimental group and sometimes in favor

of the controls. For all those who received the advanced test (grades IV to

VIII) the mean increase in total score was the same for the two groups, as indi-

cated in the summary below. When all the children were considered, the mean
increase in total scores was 10.8 for those who were given the lunch and 9.6 for

those who received none, which is but little difference.

Mean Increase in Scores

Test Grade
.All
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A large proportion of the experimental children were from foreign homes and

started to school with a limited knowledge of English. The difificulty which

some of the children had to even understand the directions given was a handicap,

particularh' in the first test. At the beginning of the second year some had not

>et mastered the language so that they read as well as the English-speaking

children, but at the end of the year the difference was less obvious. It is probable

that the greater increase in the scores of the first- and second-grade children who
received the lunches was in part due to the overcoming of the language difificulty

of these foreign children. However, this does not appear to be the only expla-

nation, since the mean increases in the scores for the first and second grades in

school D during 1932-33 when they received a lunch were higher than those for

the same grades in the same school the preceding year when the children received

no feeding. It may be that these little folks were less fatigued and therefore able

to appK' themselves better as a result of the mid-morning lunch.

Table 14.

—

School Progress from October to May as Indicated by the
Mean Increase in Total Scores from Achievement Tests

Classified bv School Grades

Grade

Experimental
Group

Control
Group

Mean Mean
Number Increase Number Increase

Scores Scores

Classified bv Mental Levels

Ranee
of

I. Q.-s

Experimental
Group

Control
Group

Mean Mean
Number Increase Number Increase

Scores
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Influence of Feeding on Dental Caries

On first thought it might seem an easy matter to compare the incidence of

caries during a period of time in two groups of children. It did not prove to be so

simple, however, because of the changing number of teeth as the temporary

ones are lost and the permanent are erupted; and because of the variation in the

susceptibility to caries of different mouths and of different teeth in the same

mouth.

By June most of the first-grade children had acquired their si.\-year molars

and had begun to lose their temporary teeth: b>- ten years of age, the latter had

all disappeared in the majorit\- of cases, and the child had 24 permanent teeth

unless he had been so unfortunate as to have had some extracted; and by twelve

years, the second molars had begun to appear in many cases. The picture thus

varied with the age of the children; and if temporary and permanent teeth were

to be considered separately, it was necessary to make the comparison at each

age. It was noted, however, that from six to twelve years inclusive there was

but little variation in the total number of teeth per child, and also that the mean
number of carious teeth was approximately the same irrespective of age. This

y% ^nalysis, therefore, has been made on the basis of the total number of teeth

A .leather than on the basis of temporar\- and permanent teeth separately for children

' Nf '* from five to twehe >ears of age.

Because of the loss of the temporary teeth, it was obvious that the difference

between the number of caries found at the first and second examinations was not

always an indication of the number which had developed in the interval between

the two. To illustrate: B3L5 was found to have 9 carious teeth in September.

In June he had but 8; but while he had lost 3 carious temporary teeth, new

caries had developed in 2 other teeth. As a result his teeth were reall>' in as

poor condition in June as in September. A more logical approach, therefore,

seemed to be to observe the number of teeth found at the June examination in

which caries or pits and fissiires had developed since the preceding fall, and to

note whether an>- fewer had appeared in the fed than in the control children during

the period of feeding.

That indiv'idual mouths vary in susceptibilit\- to caries is a well-known fact,

and whatever the cause, the disease seems to be more rampant in some groups

than in others. It is also to be expected that fewer new caries will develop during

the year in mouths which had the fewest at the beginning. A larger proportion

of sound teeth was found among the Italian children of school C than among
the other children. Accordingly the condition of each child's teeth was rated

on the basis of the number of carious teeth found at the fall examination, as follows:

Percentage

of Teeth Rating

Carious

0— 9 E.xcellent (E)

10— 29 Good (G)

30— 49 Fair (F)

50— 69 Poor (P)

70—100 Very Poor (\'P)

The results of this anaKsis are given in Table 1.5. As was to be expected,

the mean percentage of teeth in which new caries and new pits and fissures had

appeared during the experimental period was lowest for those whose teeth were

excellent at the beginning of the stud\'. Between the experimental groups there
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is no consistent difference in the incidence of new caries at the various levels of

the condition of the teeth. The children who received both milk and tomato
made no better showing than those receiving milk alone, nor is the slight difference

between the experimental and control groups enough to be significant.

Table 15.

—

Me.'^n Percentage of Teeth at the June Examination in Which
Caries or Pits and Fissures Had Developed Since the September

Examination, as Affected by Mid-morning Feeding

Condition of
Teeth in

September

Number
of

Children

Teeth per Child in June

Percentage
Number

With New With New
Caries Pits and

Fissures

Evaporated Milk

Excellent 30 27 1

Good 115 23.3
Fair 65 22.8
Poor 16 23.1
Very Poor 5 23.2

Total '.

2.37 23.7

Evaporated Milk and Tomato

Excellent 14 2(>.0
Good 70 24.2
Fair 41 23.7
Poor 7 23.0
Very Poor 3 22 .

Total 135 24.1

All Receiving Lunch

Excellent .50 20.8
Good 185 23.0
Fair 106 23.1
Poor 23 23.1
Very Poor 8 22 .

8

Total 372 23.9

No Lunch—Controls

Excellent 27 24.4
Good 69 24.4
Fair 44 22.6
Poor 10 21.7
Very Poor 5 23,4

Total 161 23.6

12
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seemed possible to use under the conditions of the study were not refined enough

to detect improvements which may have occurred in some cases.

Table 16.

—

Number of Six-Year Molars per Child in Which New Caries

AND Pits and Fissures Had Developed Between the September and

June Examinations, as Affected by the Mid-Morning Feeding

(Children 5 to 12 years, inclusive)
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SUMMARY AND CONCLUSIONS

The effects of givinc; a mid-morning lunch to children hax'C been studied in

four rural elementary- schools which involved some 760 children. The lunches

consisted of pasteurized milk, reconstituted evaporated milk, tomato concen-

trate, and a mixture of evaporated milk and tomato juice.

A definite though not marked improvement in children seemed e\BTOnt with

the feeding of milk, whether pasteurized or evaporated, or a mixture of milk and

tomato. This was evidenced by the gre?ter proportion of children whose nu-

tritional condition, as judged from the med.cal records, had improved from Septem-

ber to June, and by a more rapid rate of gain in weight, as well as by the im-

provement of the "general" nutritional condition of the children who received

the feeding compared with those who had none.

The results obtained when evaporated milk was given seemed fulK' as great

as when pasteurized milk was given.

Much less improvement was indicated with the feeding of tomato concentrate,

though the difference would probabh- ha\e been less had as much tomato as

milk been given.

No increase in the rate of growth in height was found as the result of the

feedings. The data as to the effect of the feeding on school absences due to

illness and on the incidence and duration of colds were not conclusive.

Some favorable influence of the lunch on the school progress of the children

of the lower grades was suggested, although the data were not entirely conclusive.

No significant evidence was found of a decrease in the incidence of dental

caries as a result of the school feeding.

Improvement was noted in the children who were in good condition as well

as in those who were in fair or poor condition at the beginning of the study.

Age did not have any apparent influence on the amount of improvement shown

by the medical records, but the greater percentage of increase in gain in weight

was found in the older children.

That some improAement could be detected in the greater majority of the

children as the result of giving but one cup of milk or even less of tomato juice

as a mid-m.orning lunch, is a severe commentary on the home diets of the children.

As there is no reason to think the dietary habits of the families in these communi-

ties were better or worse than those in many other villages, such findings justify

the contention that the diets of the average family are very often more or less

limited in some respects. Just what the limitations may be is not indicated,

but in the communities studied they seemed to be corrected more effectively by

n>ilk than bv tcmato, though either or both improved the diets.
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