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REPORT OF THE DIRECTOR.

The work of the Massachusetts Agricultural Experiment Sta-

tion during the past year has in the main followed the usual

lines, but in most directions with constantly broadening scope

and material increase in amount. The completion of Clark

Hall, which will amply accommodate both the educational and

the experimental work in the department of botany and vege-

table pathology, will materially increase our facilities for inves-

tigation in this subject ; but the interruption to work, made

unavoidable by the necessity of moving and reinstalling the

large amount of scientific apparatus and material, has neces-

sarily reduced the amount of work in this department during

the past year. The interruption has proved especially serious

in connection with the study of problems relating to hothouse

crops, as such work on the removal of department headquarters

was necessarily discontinued in the old houses, and the new
will not be completed until next spring. With this single

exception, the work in all departments of the station has been

prosecuted under conditions aiibrding all the usual advantages.

Changes in Organization and in Staff.

The retirement from active administrative duties on the 1st

of July of Dr. C. A. Goessmann, who from the date of its pas-

sage in 1884 has been charged with the execution of the fertil-

izer control law, and who was at the head of that branch of our

chemical department carrying on general analytical and research

work in connection with soils, manures, fertilizers and fertili-

zer problems, rendered reorganization in that department desir-

able. The chemical work of the station during the preceding

eleven years had been divided between two distinct and entirely

independent divisions, and carried on in separate laboratories.

These divisions were known as the division of fertilizers and
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fertilizer materials and the division of foods and feeding ; the

first, as has been stated, under Dr. C. A. Goessmann, and the

second in charge of Dr. J. B. Lindsey. It was believed that

organization under one head would secure a number of impor-

tant advantages, as compared with the existing plan. Most

important among the advantages which we have aimed to secure

in reoro-anization were the followino- :—
1. Greater administrative economy.

2. Reduction in cost of equipment, apparatus and work.

3. The more complete separation of control from ordinary

experimental and research work, thus making possible more

accurate determination of the costs of each.

4. Improved facilities for research work in chemistr}^,

through the creation of a research division, to which certain

specially qualified men should give their entire time.

5. A saving in the time required for certain classes of con-

trol and analytical work, through concentration of forces alter-

nately upon different branches of such work.

The organization adopted in the effort to realize these

advantages is as follows :
—

Departvient of Plant and Animal Chemistry.

Chemist: J. B. Lindsey, Ph.D.

Associate Cliemist: E. B. Holland, M.S.

(a) Research division: E. B. Holland, M.S.

(h) Fertilizer division : II. D. Haskins, B.Sc.

(c) Feed and dairy division: P. H. Smith, B.Sc.

Besides the heads of divisions, four other analytical chemists,

an inspector who collects samples of feeds and fertilizers and

inspects dairy apparatus, a general laboratory assistant and one

or sometimes two clerical assistants, one of whom is an expert

stenographer, are regularly employed. The department also

employs an assistant, who cares for the animals used in nutri-

tion experiments and digestion work.

The chemist has general supervision of the entire work, and

is responsible therefor, but is relieved of details, and will give

most of his time to research problems. The associate chemist

assists the chemist if required, or in his absence acts in his stead.

The associate chemist, whose duties as such are usually nominal,
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was placed at the head of the research division. IVIr. Holland,

who received this appointment, had already had much and suc-

cessful experience in chemical investigation.

Mr. Haskins, who was put in direct charge of the fertilizer

control, with responsibility to the chemist, has for several years

been looking after most of the details of this line of work, owing

to the advanced age of Dr. Goessmann, and is well qualified for

the position, both by training and experience.

Mr. Smith, who, with responsibility to the chemist, was put

in charge of the feed and dairy control division, had had several

3^ears of experience in such work, for which he had shown es-

pecial fitness.

No other changes in organization have been made during the

year, and the station at the present time makes provision for

the various lines of work in which it engages under the follow-

ing departmental organization :
—

Deimrlments. Beads of Deparlmenis.

Agriculture, The DmECTOR.

Horticulture, F. A. VVaugh, M.S.

( J. B. LiNDSEY, Ph.D.
Plant and animal cliemistry,

Botany and v-

Entomology,

( E. B. Holland, M.S., associate.

Botany and vegetable pathology, . G. E. Stone, Ph.D.

( C. H. Fernald, Ph.D.

( H. T. Fernald, Pli.D., associate.

Veterinary, J. B. Paige, D.V.S.

Meteorology, J. E. Ostrander, C.E.

The only change in staff affecting a position of prominence

in the station during the past year has been the retirement of

Dr. Goessmann from active administrative duties at the head

of the fertilizer division of our chemical department, already

referred to. The station is fortunate in still beinj? al)le to avail

itself of Dr. Goessmann's services in the capacity of consulting

chemical expert. His broad chemical knowledge and richly

cultured mind and his long and varied experience render his

advice of great value.

Dr. Goessmann at the age of eighty years looks back upon a

career the memory of which must be to him a source of unusual

satisfaction. It excites the profound admiration of all those

familiar with his life, his character and his achievements. The
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exercises held at the college last commencement in honor of his

eightieth birthday made strikingly manifest the esteem and

affection in which Dr. Goessmann is held l)y the alumni. The

beautiful piece of stained glass, symbolizing some of the more

prominent features of his life and work, which was then pre-

sented to him, though a triumph of affection and the designer's

art, all too inadequately serves to express these sentiments.

An attempt to present an estimate of the value of Dr.

Goessmann's service to the station and to the State and to set

forth his part in the advancement of agricultural science would

be out of place in this report ; and yet brief mention of some

of the more prominent features of his connection with this in-

stitution and the great agricultural movements with which his

name has been identified seems appropriate. Dr. Goessmann

took the chair of chemistry in the Massachusetts Agricultural

College within a year of the date when its doors were first

opened to students (1867), and this chair he filled, though of

late with relatively few classes, until his retirement in June.

Coming to this position with the best university training which

Europe at that time could afford, he brought to his position

the university spirit and method, and almost from the first he

made his department in effect an experiment station in agricul-

tural chemistry. Before Massachusetts had a regularly organ-

ized experiment station. Dr. Goessmann had carried out a large

amount of experimental work, the results of which were pub-

lished in reports of the college and those of the secretary of the

State Board of Agriculture, as well as in numerous agricultural

and scientific periodicals. Among the most important of these

early investigations are those carried out to determine the

possibilities of the beet sugar industry in this country. He

was a pioneer in this field, and in his numerous publications

clearly outlined the essentials for success. Of more genei-al

importance to the country at large was Dr. Goessmann's work

in relation to fertilizers. He determined the manurial value

of a large number of refuse substances and by-products. To

him belongs the honor of having suggested and taken the most

important part in the passage of the first law providing for fer-

tilizer control passed in the United States. This law has been

worth untold sums to the farmers, in the protection against
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fraud which it has afforded, while so wisely was it shaped that

under Dr. Goessmann's administration it has almost equally

served the interests of honest manufacturers and dealers.

Among other important investigations conducted by Dr. Goess-

mann prior to the organization of the experiment station should

be mentioned his studies as to the eflfects of special fertilization

upon the composition of fruits, his determination of the eftect

of girdling upon the quality of grapes, his recognition of the

possible relation of fertilizers to certain plant diseases, his work

in connection with the reclamation of the Green River salt

marsh in Marshfield, his determination of some of the chemical

changes taking place in ensilage and his chemical examination

of sorghum and its products. He w^as associated w^th Stock-

bridge in his investigations which led up to the theory of

special fertilization which bears the name of the latter, and in the

study of the results of fertilizer applications through observa-

tions upon a lysimeter and analytical work connected therewith.

Upon the organization of an experiment station in Massa-

chusetts, in 1882, Dr. Goessmann was made director. This

position Dr. Goessmann held until 1895, when the Massachusetts

or State station was combined wath the station established as a

department of the college under the Hatch act. At this time

Dr. Goessmann was made honorary director, and was placed

in charge of the chemical fertilizer and fertilizer control work,

in which position he continued to serve the station with distin-

guished ability until his retirement the 1st of July last. He
has taken with him in his retirement the good will, affection

and esteem of all who have been associated with him, and all

share in the hope that he will have many years yet of health,

usefulness and happiness.

A number of minor changes in the station staff have been

made during the year. These changes in many cases have

been made necessary by the resignation of men who have left

us for positions of greater responsibility and reward. The

changes in staff have been as follows :
—

E. Thorndike Ladd, M.S., promoted to the position of first assistant

chemist, fertilizer division, in place of Edward G. Proulx, B.Sc, resigned.

Walter E. Dickinson, B.Sc, in place of E. Thorndike Ladd, pro-

moted.
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Carl S. Pomeroy, B.Sc, Ph.B., assistant horticulturist, in place of

Charles P. Halligan, B.Sc, resigned.

George H. Chapman, B.Sc, assistant botanist, in place of Neil F.

MoNAHAN, B.Sc, resigned.

Upon the reorganization of tlie chemical department, which

has been outlined, an additional chemist in the research di-

vision was employed. The successful candidate was Robert D.

MacLaurin, Ph.D., who comes to us after thorough post-grad-

uate courses in chemistry, and a brief but successful record in

research work in the Rockefeller Institute in New York.

During the year Howard A. Parsons, dairy tester in the

division of foods and feeding, has resigned, and during the

past month we have received the resignations of Walter E.

Dickinson and E. Thorndike Ladd, assistant chemists, both of

whom resign to accept positions offering superior inducements.

The positions thus made vacant have not as yet been filled.

The Mailing List.

Revision. — The revision of the mailing list referred to in

the last annual report has been completed. It was found, as

anticipated, that many of the addresses carried in the old lists

were dead, either Ijecause of decease or removal of individuals.

The postmasters throughout the State with rare exceptions will-

ingly and heartily lent their aid in revising the lists. As soon

as the revision was completed, stencils for use Avith the Elliott

addressing machine were procured. The stencils have been

arranged by post offices, which are placed al})habetically in the

files, and under each post office the names are alphabetically

arranged. As a result of this arrangement, several important

advantages are secured :
—

1. Publications as addressed can be readily made into bundles

for the several post offices. This saves a great amount of time

in handling and sorting at the local post office and costs us but

very little additional labor.

2. Publications can be much more promptly sent out than

was possilde i)revious to this arrangement by post offices.

3. If desired, as for example, in case of an outbreak of inju-

rious insects in a certain locality, bulletins or ciculars can be

readily sent to that locality.
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The addresses of parties outside of Massachusetts are arranged

alphabetically under the several states and countries.

Mailing List. — On completion of the revision, it was found

that the number of live addresses was as follows :
—

Residents of Massachusetts, . . . . .14,612
Residents of other States, . . . . . . 1,720

Residents of foreign countries, ..... 169

16,501

In addition, the station uses the Washington mailing list,

which includes the addresses of those engaged in agricultural

college and experiment station work. The total number of

addresses in this list is about 2,000.

The station also uses the following special lists for meteor-

ological reports, libraries, newspapers and exchanges :
—

Meteorological, ........ 260

Libraries, ......... 158

Newspapers and exchanges, ...... 520

During the past year an eftbrt has been made to secure the

addresses of all prominent cranberry growers. These addresses

have for the most part been secured by writing to chairmen of

the boards of selectmen in towns in the cranberry district, and

to these men, most of whom prepared the lists promptly and

without charo-e, the thanks of the station are due. The number

of addresses in this list is 1,505.

During the past year we have added substantially 1,000 ad-

dresses to our general mailino- list. These additions have been

made in response to direct requests, and without solicitation

on our part.

Publications.

Our rapidly growing mailing list has already greatly increased

the costs of publication, and these costs must inevitably con-

tinue to increase with the constant additions to our lists. The

time is not far distant when additional money for publications

will be required. During the past year the publications of the

station have been as follows :
—
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Publications during 1907.

Annual report :
—

Contains reports of the director, treasurer and heads of departments, with

impers on a large number of miscellaneous subjects. 207

pages.

Bulletins :
— '

No. 112. The Examination of Cattle and Poultry Foods, J. B. Lindsey.

60 pages.

No. 113. Analysis of Manurial Substances and Fertilizers and Trade

Values, C. A. Goessmann. 30 pages.

No. 114. The Oriental Moth: a Recent Importation, H. T. Fernald.

15 pages.

/^ No. 115. Preliminary Report on Cranberry Insects, II. J. Franklin.

15 pages.

No. IIG. The San Jose Scale, II. T. Fernald. 22 pages.

No. 117. Trade Values and Fertilizer and Soil Analyses, C. A. Goess-

mann and H. D. Ilaskins. 22 pages.

No. 118. Molasses and Molasses Feeds for Farm Stock, J. B. Lindsey,

E. B. Holland and P. H. Smith. 32 pages.

Technical, No. 3. Blossom End Rot of Tomatoes, Elizabeth II. Smith.

19 pages.

Complete Index to Bulletins and Reports of the Hatch Experiment Station,

from 1888 to 1907. 48 pages.

Circulars :
—

•

No. 1. Cotton-seed Meal, J. B. Lindsey and P. H. Smith. 8 pages.

Cut Worms, II. T. Fernald. 2 pages.

The Apple Maggot or Railroad Worm, C. E. Hood. 2 pages.

Wire Worms, C. E. Hood. 2 pages.

Root Maggots, II. T. Fernald. 2 pages.

The Lecaniums, or Soft Scales, C. E. Hood. 2 pages.

Ants, C. E. Hood. 2 pages.

Bulletins of the Agricultural Experiment Stations in Massachu-

setts. 13 pages.

Rules relative to Testing Dairy Cows. 6 pages.

Sampling and Sending of Fertilizers, Soils and Feed Stuffs for

Free Examination. 3 pages.

No. 11. Chemical Analysis of Soils, Wm. P. Brooks. 2 pages.

The complete index to the publications of the Hatch Experi-

ment Station was very carefully prepared. It includes many

cross-references, and will be found exceedingly valuable in con-

nection with complete files of station publications from 1888 to

1907, inclusive. This bulletin will be sent, on application, to

parties having files sufficiently complete to make it valuable.

No.
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Circular No. 8 gives a complete list of all the bulletins pub-

lished both by the State and the Hatch Experiment Stations,

as well as by the Massachusetts Agricultm-al Experiment Sta-

tion, up to the date of its issue in July last. In this list pub-

lications which are still available for general distribution are

indicated.

The other circulars are for the most part designed for use in

answer to correspondence in relation to subjects with which

they deal. They cover subjects on which the station receives

frequent inquiries, and do so much more fully than would be

possible within the limits of a letter.

The annual report of the station is printed by the State, and

furnished only in an edition of 6,000. It will not be possible,

therefore, to send this report even to all Massachusetts citizens

whose names are on our mailing lists. Fifteen thousand copies

of this report are, however, furnished to the secretary of the

State Board of Agriculture, and are bound with his report, so

that it is hoped the report in this form may reach all those who
desire it. This plan of publication and distribution must, it

seems, mean that many parties in the State receive duplicate

copies of our reports. Clearly this is not economy, but we
are for the present constrained by a State law to the method

of publication outlined. An effort will be made during the

coming session of the Legislature to secure a change in the

law affecting our publications.^

Bulletins and Reports available for Free Distribution.

The supply of many of our reports and bulletins available for

free distribution has been exhausted, but those in the following

list will still be fiu"nished on application : —

•

Bulletins :
—

Glossaiy of fodder terms.

Fertilizer analyses.

On the use of tuberculin (translated from Dr. Bang),

Analyses of concentrated feed stuffs.

Fertilizer analyses.

The imported elm-leaf beetle.

Fertilizer analyses ; treatment of barnyard manure with absor-

bents ; trade values of fertilizing ingredients.

1 Since writing the above report the Legislature has authorized the desired change.

No.



No.



1908.] PUBLIC DOCUMENT— No. 33. 15

horticulturists, and all interested directly or indirectly in agri-

culture, are earnestly requested: Communications should be

addressed to Massachusetts Agricultural Experiment Station,

Amherst, Mass.

Asparagus Substation, Concord.

The work with asparagus in Concord, which is located on

land leased from IVIr. Charles W. Prescott, follows two distinct

lines : (1) in co-operation with the Bureau of Plant Industry,

of the United States Department of Agricultiu'e, an effort to

breed rust-resistant types of asparagus
; (2) fertilizer experi-

ments under the Adams fund in the effort to throw light upon

the general question of the specific plant food requirements of

this crop.

Breeding Experiments.— The Bureau of Plant Industry,

through its agents in various parts of the world, has brought

together a very large collection of varieties of asparagus.

These have been drawn from all countries where the crop is

grown. In most cases seed was procured. This seed was

sown in a hothouse in Washington early last spring, and the

young plants were sent in flats to Concord. This method of

starting the i)lants was adopted in the belief that considerable

time might thereby be saved. The number of varieties started

was 36, but seed of several varieties was obtained from a num-

ber of sources, and 54 lots of seedlings were handled in tliis

manner. The degree of success attending this method was

only moderately satisfactory. The results varied widely with

varieties, but in most cases there was a considerable percentage

of loss, — greater no doubt than it otherwise would have been,

on account of the extremely dry season. The young plants

which survived made a fairly good growth. In addition to

these varieties, our breeding plots now contain 35 other

varieties, which have been brought together from various

sources many of them having been collected by the Bureau of

Plant Industry. Among the diflerent varieties thus brought

together in the same field may already be noted a very consid-

craljle variation in the apparent susceptibility to rust, and it

may confidently be hoped that the objects in view in the ex-

periment will ultimately, in large measure, at least, be attained.
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Fertilizer Experiments.— The land selected for the fertilizer

exjDeriments lies in the Bedford Street district in the town of

Concord. For a number of years previous to 1906 the field

had been lying ftillow, and was grown up with briers, small

birches, weeds, etc. In preparation for the fertilizer experi-

ments the field was cleared of brush and trees and plowed in

the spring of 1906. It then received an application of ferti-

lizers at the following rates per acre :
—

Lime (tons),

Fine ground bone (tons),
'

"
' ^

IAcid phosphate (pounds),
'

' ' h \

Muriate of potash (pounds),
'

' '

"
• 600

Nitrate of soda (pounds), '
•

"
• 350

These with the exception of the lime, were mixed, evenly

spread and harrowed in. The lime was applied by itself. In

order to subdue the witch orass and other weeds, the field was

harrow^ed a number of times during the late spring, and on

May 15 it was sown to buckwheat. The buckwheat made a

heavy growth, and was plowed under when fully grown. The

field was then harrowed and sown to winter rye. This was

plowed under in the early spring of 1907, and the asparagus

set. The field is laid out in forty twentieth-acre plots, sepa-

rated b}' dividing strips 5 feet and 11^ inches in width.

The dimensions of the plots are 129 feet by 16 feet 101/^

inches. Each plot contains five rows. Each dividing strip con-

tains one row set in the middle. The distance between plants

in the rows is 2 feet 6 inches. The plants .were raised b}^ Mr.

Frank Wheeler of Concord, and were from seed of the Giant

Argenteuil variet}', specially selected by ]\Ir. Wheeler on ac-

count of apparent vigor and capacity to resist rust. These

plants were exceptionally large and strong, and one year old

at the time of setting. Practically ever\' plant started, and the

growth throughout the season was remarkably strong. Many
of the plants attained a height in excess of 6 feet. All the de-

tails of the work -were superintended or carried out hy Mr.

Charles W. Prescott, to whose skill and faithful attention, in

connection with the thorough preparation which the land had

received, the fine growth of the plants must be largely attrib-
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uted. Numerous interesting variations in growth on the dif-

ferent plots were noted during the season, but it is yet too

early to present the details of treatment, or to discuss the

effects of the different fertilizer applications.

Cranberry Substations.

The station is carrying on work with cranliemes along two

distinct lines and in two different localities: (1) the study of

cranl)erry insects in Wareham
; (2) fertilii^er experiments with

cranberries in Falmouth.

Work on Craiiberi'y Insects. — The station was fortunately

able to command once more the services of Mr. H. J. Franklin

for the study of proljlems connected with cranberry insects.

Mr. Franklin spent the entire season, from the middle of April

to the middle of October, in the cranberry district, most of the

time in the town of AVareham. As the result of the season's

work, our knowledge of cranberry insects has been greatly

extended at numerous points, and the tentative conclusions

reached as a result of the first season's work have been in many
cases confirmed. A bulletin presenting the results of the first

season's work, and containino; advice as to the treatment to be

ado})ted for the prevention of injury from the more impoitant

cranberry insects, has been issued during the year. This has

been sent to all cranberry growers whose addresses we were

able to obtain,— about 1,500. It has been found that the in-

jury due to many insects can be for the most part prevented by

a thorough destruction of vegetation around the shores of the

bog, and suita1)le control of the water in flooding. Methods of

spraying have been found to be fairly eftective in some cases.

The bulletin on cranberry insects, which gives all details, can

still be furnished on application.

Fertilizei" Experiments. — The fertilizer experiments in Fal-

mouth are located in what is known as the Red Brook bog, be-

lono-ino; to Mr. N. H. Emmons of Boston and Falmouth. The

present is the second season that these experiments have con-

tinued, and results which are believed to be of considerable

significance have been obtained. The possibility of making

exact comparisons between different fertilizer treatments has

been inconsiderable measure reduced, owing to the unfortunate
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breakage during last winter of one of the dikes, thus exposing

a portion of the plots used in fertilizer experiments throughout

the winter, while another portion of the plots was under water.

It is not best, therefore, to undertake a discussion of the results

in detail at this time. The following conclusions, however,

appear to be warranted :
—

1. The use of nitrate of soda greatly stimulates the growth

of vines, and on bogs where vine growth is naturally free,

this fertilizer should be used sparingly if at all. It has been

noted, however, that the size of the berries is considerably

increased wherever nitrate has been applied.

2. The application of acid phosphate appears to favor early

maturity of the fruit, accompanied apparently by decrease in

size. It would be premature to assert that this fertilizer ele-

ment should not be used at all, but the indication is that the

quantity needed is relatively small.

3. Among the fertilizer elements applied, the potash appears

to have exerted the most favorable influence on the yield of

fruit. Not only has it apparently increased the quantity, but

it seems highly favorable to the development of a bright color,

which gives the fruit an unusually attractive appearance. The

fruit on the plots to which muriate of potash and acid phos-

phate were applied was characterized by experts as exception-

ally solid and heavy, as well as of fine appearance.

4. The application of lime appears to have been unfavorable

to fruitfulness.

Substation for Orchard Experiments.

Plans have been laid for extensive orchard experiments which

will extend over a long period. A six-acre orchard of Baldwin

trees set six years ago has been leased for ten years. The

location is on the Bay Road in the southern part of the town

of Amherst, on the farm of Myron C. Graves. The soil con-

ditions throughout the entire tract appear to be exceptionally

even for a tract of such size in this State, and it is believed

the orchard affords very exceptional advantages for fertilizer,

cover-crop and cultural experiments, which are the principal

types of work in view.



1908.] PUBLIC DOCUMENT— No. 33. 19

Department Reports.

The reports of the heads of the diiferent departments of the

station will be found in later pages. The report of the agricul-

turist is elsewhere briefly summarized.

Department of Horticulture. ^The report of the department

of horticulture includes papers upon three distinct subjects :
—

1. Notes on the propagation of apples. The experimental

work upon which this paper is based was carried on with dwarf

trees. The principal object of the experiment was to determine

the influence of the scion on the character of the tree. The

variety reported upon in greatest detail was the Baldwin, which

was grafted upon three difl'erent stocks : the ordinary apple
;

Doucin ; and Paradise. The method of measurement adopted

shows a distinct influence a})parently due to the variation in

scion. The trees on the Doucin stocks were more uniform in

shape and taller than those on the Paradise stocks ; the trees

on Paradise stocks were much stockier than on Doucin ; while

those on Doucin stocks were in turn much stockier than those

on the ordinary stocks.

2. The physiological constant for the germination stage of

cress. The methods w^hich have been used in investiij-ations

for the determination of physiological constants are briefly out-

lined. The method reported upon, which is original, is de-

scribed and compared with the earlier methods. The results

with cress are reported in detail.

3. Variation in peas. This paper presents the results ol)-

tained by careful observations, and includes tabular records of

a large number of observations which are carefully averaged.

The results obtained are fruitful in suggestions as to the prin-

ciples which should be followed in selection in breeding for

improvement in any given direction. I

Department of Plant and Animal Chemistry,— The report of

the chemist presents first a numerical statement of the amount

of analytical work accomplished during the year. This makes

it apparent that the demands upon the station for work of this

character are rapidly increasing.

The chemist in charge of the fertilizer control work, H. D.

Haskins, reports the analysis of 45 more brands of fertilizers in
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connection with such work than in 1906. Three hundred and

fifty-eight samples in all have been analyzed and nearly 500

collected. Forty-one per cent, of the samples analyzed proved

to be below the guaranteed composition in some one or more

of the fertilizer elements, but in many cases the deficiency in

one element was made up by an excess in one or more of the

others. Twenty-one samples of complete fertilizers showed a

commercial shortage varying from 79 cents to $13.50 per ton.

This section of the report of the chemist presents complete tab-

ular statements, showing the extent to which the fertilizers

analyzed equaled or fell short of the guarantees.

The next section of the report presents an account of the

execution of the feed law. Samples of feeds analyzed, with

the single exception of cotton-seed meal, the quality of which

was unusually poor, were found in general to be substantially

as guaranteed. The report calls attention to the large amount

of analytical work which is done without charge for private

individuals in determining the quality of samples of milk and

feeds. The results of the execution of the dairy law are briefly

presented : 6.62 per cent, of Babcock glassware tested was con-

demned on account of inaccuracy ; of the Babcock machines

inspected, 37 in all, 2 were condemned.

The chemist calls attention to the great increase in the amount

of work connected with the carrying out of official tests of pure-

bred cows. Such tests are now conducted with animals of the

Jersey, Guernsey, Holstein-Friesian and Ayrshire breeds.

During the past year thirty-five yearly records and seventy

records for shorter periods have been completed. Sixty-three

cows are now undergoing tests. This work consumes a large

amount of time, and, while the station is reimJjursed for its

money expenditure, it is found to be somewhat of a bm'den.

The work is, however, without doubt important and useful, and

until it is provided for in some other way the station will con-

tinue to supervise it.

The report of the chemist briefly presents the results of ex-

periments completed with a view to determining the value for

different classes of live stock of molasses and molasses feeds.

He does not regard molasses as possessing advantages for dairy

cows over the more common feeds. For fattening cattle, the
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use of about 3 pounds daily can be recommended. For horses,

a moderate amount of molasses is found to be useful as an appe-

tizer and tonic ; and the same is true for pigs. Molasses feeds

are in general found to be rather high in price as compared with

possible home mixtures, and would seem to possess no advan-

tages as compared with such mixtures.

The results of experiments to determine the effects of soy

beans minus the oil and of soy bean oil as food for dairy cows

are presented. It was found that the meal, although exception-

ally rich in protein, does not change the proportion of the dif-

ferent ingredients of milk. The oil temporarily increases the

proportion of fat, and is found to affect the quality of the butter

to a considerable extent, and on the whole unfavorably.

The report calls attention to experiments which are in prog-

ress on the effects of fat on milk secretion, and refers briefly

to research work with soils from the different plots in Field

It has been found that feeding molasses in large quantities

depresses the digestibility of other foods used with it.

A section of the report of peculiar interest at this time, when

the question of milk standards interests so many, deals with the

chemical composition of milk. The average composition of the

milk of most of the different prominent breeds, based upon a

large number of analyses in different sections of the country

as well as in foreign countries, is presented.

The effects of fat upon the composition of milk and butter fat

and upon the consistency of butter are discussed by Dr. Lindsey.

His experiments have shown that neither the proteid nor carbo-

hydrate groups of nutrients when fed in normal amounts have

any noticeable effect upon the proportion of different ingre-

dients, nor on the character of butter fat. Any changes which

occur as the result of variations in feed are usually consequent

upon the kind and quantity of oil contained in the feeds used.

Dr. Lindsey has found that when the feeds contain vegetable

oils in excess of normal amounts the butter is soft. He finds

that the flavor of butter depends primarily on cleanliness, the

stage of lactation of the cow, the skill and care of the butter

maker and the separator used.

1 For an account of the experiments on Field A, see report of the agriculturist, page 32.



22 EXPERIMENT STATION. [Jan.

The concluding section of the report of the chemical depart-

ment is a paper by E. B. Holland, on a " Standard for Babcock

Glassware." This paper presents a summary of the results of

the tests of Babcock glassware carried out at the station since

the passage of the dairy law in 1901. A standard for such

glassware is proposed and carefully drawn, and rules for testing

are presented. The standard and rules proposed by Mr. Holland

have not yet been officially sanctioned by the American Asso-

ciation of Agricultural Chemists, but both have met the ap-

proval of Dr. Babcock, and they will probably be adopted.

Department of Botany and Vegetable Pathology. — The re-

port of Dr. Stone, the head of the department of botany and

vegetable pathology, contains papers upon a considerable

number of important topics. Of especial interest is Dr.

Stone's report concerning methods of separating light and

inferior seeds and dirt from commercial or home-grown samples

of seeds. The apparatus perfected in the department for this

work shows much ingenuity in design, and the work is accom-

plished with great rapidity and accuracy. The methods used

here are especially important for such seeds as tobacco and

onions. As a result of the rejection of the inferior seed, a

better stand of plants, substantially all of which, coming from

sound, heavy seeds, are strong, healthy and disease-resistant,

is obtained than is possible when commercial samples are

planted. Work of this character is for the present done with-

out charofe. There has been a considerable increase in the

number of samples sent in to be tested for germination. This

work also is done for the present without charge.

The report calls attention to the unusual extent to which sun

scald and sun scorch have prevailed among different varieties

of trees. These troubles appear to be due primarily in many
cases to the loss of a considerable proportion of the fibrous

rootlets, which the botanist believes has been due to the exces-

sively cold winters of a few years ago ; and these troubles have

shown more largely than usual during the past summer on ac-

count of the severe drought which prevailed. The extensive

defoliation of many species of trees, notal)ly elms, in the late

summer or early fall, is believed to have been the result of the

same cause.
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The report calls attention to two apparently new diseases :

one affecting asparagus, and apparently caused by a species of

fusarium ; and another affecting the peony, the cause of which

has not been determined. No remedy for either of these troubles

can at present be suggested.

During the past year the botanist has made careful compari-

sons between a number of combinations of fungicides and in-

secticides for potatoes. These experiments were carried out

in connection with fertilizer work of the agricultural depart-

ment which is designed to throw light upon the relative value

for different crops of seven difierent potash salts. ^ There was

little or no blight during the season, and all of the combina-

tions tried seemed to possess nearly equal merit as insecticides.

From the standpoint, however, of their ability to adhere to the

foliage and their qualities in other respects, the botanist ranks

the different combinations used in the following order :
—

1. Soda bordeaux and Paris green.

2. Bordeaux and sodium benzoate.

3. Bordeaux and disparene (arsenate of lead).

4. Bordeaux and Paris green.

6. Copper phosphate and disparene.

In connection with the variation in fertilizers for the potato

crop in this series of experiments, ^ an important influence on

the prevalence of scab was noted. The proportion of badly

scabbed tubers was much greater where potassium-magnesium

carbonate was the source of potash than on any of the other

plots. 2 The proportion of scabby tubers was smallest where

the muriate and nitrate were the potash salts employed ; but

the dift'erence between the proportion of scabby tubers on

these fertilizers and on the other potash salts was relatively

small.

The report of the botanist discusses mosaic diseases of to-

bacco and the tomato. He finds an important difference be-

tween the two diseases in two respects. Healthy tobacco

1 For a full account of these experiments, see report of the agricultural department,

page 39.

« The fact that scab is more apt to prove serious in soils which are alkaline has been

frequently noticed. The potash-magnesia carbonate is a strongly allialine fertilizer. Dr.

H. J. Wheeler has frequently called attention to this point in reports and bulletins of the

Rhode Island Experiment Station and elsewhere.
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plants set in soil which contains decaying rootlets of diseased

plants usually become affected with the disease. In the case

of the tomato, a similar result does not follow. The report

gives an account of methods tried for the purpose of determin-

insr the cause of the mosaic disease in the tomato. The botanist

believes his experiments show that the disease is not caused

by an excess of any of the fertilizer elements. The mosaic

disease of tobacco may be so caused. The disease can be pro-

duced in tomatoes by severe pruning, and is at least associated

with a deficiency of both the soluble and insolul)le forms of

catalase in the foliao-e.

The report of the botanist includes a suggestive paper on

the factors which underlie susceptibility and immunity to dis-

ease in plants. This paper emphasizes the necessity of as full

and perfect knowledge of the conditions essential for perfect

development as possible, and advances the view that when our

knowledge is sufficiently complete at this point it will be found

possil)le in large measure to avoid many diseases which at

present often prove highly destructive. We find the highest

development of cultural methods among American gardeners

and hothouse men. In the hothouse, where the climatic con-

ditions are largely under control, there is but little trouble

from disease when the conditions are full}^ understood and

the management skillful. In the case of out-of-door crops,

control of the climate being impossible, we may not be able so

fully to avoid disease ; but even with such crops, the most skill-

ful adaptation of soil, manure and culture to the requirements

of the crop will in large measure accomplish the same result.

Entomological Department.— The report of this department

presents first a summarized statement showing the kind and

amount of the work of the year. Brief accounts are also pre-

sented of some of the leading lines of experimental work. One

of the most important of these is for the determination of the

resistance of different crops to fumigation Avith hydrocyanic

acid gas. These experiments are now complete for the cucum-

ber, and similar tests for muskmelons have been begun.

Brief mention is made of experiments for the control of cab-

bage, turnip and onion maggots, concerning which, owing to

causes beyond control, no definite results can yet be presented.
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One of the most important lines of experiment during the past

year has been the efibrt to determine the best methods of con-

trolling thrips, which so often cause the blight of the onion.

Spraying with kerosene emulsion a})})ears to be the most prom-

ising method. The principal difBculty appears to be the pro-

duction of a machine which will spray a number of rows at once

in a sufficiently thorough manner to destroy most of the insects.

No perfectly satisfactory machine has yet been invented.

The report makes brief mention of experiments to determine

better methods of destroying the San Jose scale, and the work

with cranberry insects at Wareham. Further observations on

the oriental moth are presented, and fortunately these indicate

that this insect is not likely to become a serious pest. Atten-

tion is called to the fact that investigations have been begun to

determine the exact geographical distribution of injurious in-

sects. This work would seem to be particularly hnportant, as

Massachusetts is close to the northern limit of the distribution

of some and near the southern limit of others. The report con-

cludes with a presentation of observations upon the insects of

the year.

Veterinary Department. — The report of the veterinarian

presents an account of two serious outbreaks of disease among

poultry. The first of these was European chicken cholera,

which was found in two flocks. The identity of the disease

was proved by careful microscopic investigations and inocula-

tions. The owners of the affected flocks were promptly in-

formed of the serious character of the disease, and, co-operat-

ing heartily with the veterinarian as they did, its prompt

su})pression was effected, and fortunately the disease did not

spread from these flocks, which might easily have been centers

of infection.

The other outbreak was found in a flock of chickens raised

in brooders upon bare, sandy soil. It produced serious lesions

of the feet and legs, and invariably proved fiital. The disease

was found not to be infectious in character, and promptly dis-

appeared when the chickens were moved to a more fertile loca-

tion, where the growth of vegetation afforded some shade. It

appears to have been due to the effects of the intense sunshine,

aggravated by the character of the soil upon which the chickens
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were kept. The disease did not affect chickens brooded under

hens, although kept on the same kind of soil.

Meteorological Department.— The report of the head of this

department calls attention to a numl^er of important, improve-

ments which have been made in the equipment of the depart-

ment during the past year. One of the most important of

these is the setting up of apparatus over one of the manholes

of our heat distribution system for melting snow as it falls.

By means of this apparatus it will be possible to secure a more

accurate record of the total precipitation, while by means of

connections with recording apparatus in the office of the de-

partment the time of beginning and ending of storms can be

determined with much exactness.

WM. P. BROOKS,
Director.
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ANNUAL REPORT

Of George F. Mills, Treasurer of the Massachusetts Agricul-

tural Experiment Station of the Massachusetts Agricul-

tural College,

For the Year ending June 30, 1906.

TJie United States Ajipropriations, 1906-07.

b
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State A2)pi'opriaiio7i, 1006-07.

Cash received from State Treasurer,

from fertilizer fees,

from farm products, .

from miscellaneous sources,

Cash jiaid for salaries, ....
for labor, ....
for publications, . . .

for postage and stationery,

for freight and express, .

for heat, light, water and power,

for chemical supplies,

for seeds, plants and sundry supplies

for fertilizers, ....
for feeding stuffs,

for library, ....
for tools, implements and machinery

for furniture and fixtures,

for scientific apparatus,

for live stock, ....
for travelling expenses, .

for contingent expenses, .

for buildings and repairs.

Balance,.......

. $16,500 00
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DEPARTMENT OF AGRICtJLTURE.

WM. P. BROOKS, AGRICULTCRIST ; E. S. FULTON^ E. F. GASKILL,

ASSISTANTS.

The work in the department of agriculture during the past

year has covered the usual field of experiment, and has been

devoted chiefly to an eff(jrt to tlirow light upon some of the

many prol)lems connected with the use of manures and fertili-

zers. The number of field i)lots used in this work has been 318
;

the number of closed plots, 153 ; and the number of pots in

vegetation cxi)erinients, 330. In the majority of our experi-

ments, repetition from year to year, extending over a consider-

able period, is desirable in order that accidental variations may
be as far as possible eliminated, and in order to bring out the

variation in results connected with the varying character of oiu*

seasons. A detailed account of the results will be presented

for only a small proportion of the experiments in progress.

No inconsiderable share of the time of the agriculturist is

occupied in answering the many questions which annually come

to the station on all matters pertaining to the practice of agri-

culture. The number of such inquiries answered during the

past year has been 824. Experience indicates that inquiries of

the same general character are likely to be sent in many times

during the year, and we are therefore adopting in this depart-

ment, in so far as circumstances warrant, the plan of sending

circulars, with such comments as the statement of individual

conditions seems to require, which has been referred to in the

report of the director.

The more important results of the experiments reported in

detail may be briefly stated as follows :
—

I. — Experiment to determine the relative value as sources

of nitrogen of barnyard manure, nitrate of soda, sulfate of am-
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monia and dried blood. This experiment was begun in 1890.

The crop of this year was clover, sown in the standing corn in

August of last year. On the basis of total yield (grass as well

as clover included), the materials under comparison rank in the

following order : nitrate of soda, dried blood, barnyard ma-

nure, sulfate of ammonia. The no-nitrogen plots gave a larger

total crop than the sulfate of ammonia, and the clover in these

plots was better than on any of the others. On the basis of in-

crease in crop as compared with the product of the no-nitrogen

plots, taking into account all the crops grown since the experi-

ment began, the materials on a percentage basis rank as follows :

nitrate of soda, 100; barnj^ard manure, 85.92; di'ied blood,

70.21; sulfate of ammonia, 45.36.

II.— Experiment to determine the relative value of muriate

and high grade sulfate of potash. The crops on the basis of

which comparison this year is possible were caljbages, rhubarb,

raspberries, blackberries, asparagus, corn and squashes. The

sulfate of potash gives the larger crops of raspberries and black-

berries. For the other crops the muriate gives the larger crops ;

but the difference is unimportant except in the case of the as-

paragus, which is much better on the muriate than on the sulfate.

III. — Experiment to determine the relative value of differ-

ent potash salts for field crops. The salts under comparison

were kainit, high-grade sulfate, low-grade sulfate, nuu^iate,

nitrate, carbonate and silicate. The crop was potatoes. The

salts, on the average of five trials for each, rank in the follow-

ing order, as measured by the product of merchantable tubers :

low-grade sulfate, muriate, nitrate, high-grade sulfate, silicate,

carbonate, kainit. There was considerable scab,— a much
greater amount on the carbonate than on the other potash salts.

IV. — Experiment to show the relative value for corn of

special corn fertilizers, as compared Avith a mixture richer in

potash. The special corn fertilizer gave a larger yield of sound

corn. The fertilizer richer in potash excelled in the product

of soft corn and stover. With an earlier spring and a hotter

season, the proportion of sound corn produced on the ferti-

lizer richer in potash would undoubtedly have been increased.

V. — Experiment to determine the relative value for pro-

duction of corn of manure alone, as compared with a smaller

application of manure and a moderate amount of sulfate of
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potash. The larger application of manure alone gave a slightly

higher yield of sound corn. The combination of manure and

potash gave the higher yields of soft corn and stover. There

was not much money difference in the value of the crops pro-

duced under the two sj'stems, while the cost of the smaller ap-

plication of manure and potash was at the rate of about $G per

acre less than the cost of the larger application of manure alone.

VI. — Experiment to determine the relative value, as meas-

ured by crop production, of a considerable numl^er of phos-

phates used in quantities to furnish equal phosphoric acid

to each plot. The phosphates under comparison were : fine

ground, — apatite. South Carolina rock and Tennessee rock

phosphates ; Florida soft phosphate, basic slag meal, dissolved

bone black, raw bone meal, dissolved bone meal, steamed bone

meal and acid phosphate. The crop of the past season was

mixed hay. The yields on the different phosphates varied

relatively little. Even the plots which have received no

phosphates during the eleven years the experiment has con-

tinued gave a yield at the first crop at the average rate of about

4 tons to the acre, while the highest yield obtained on any of

the phosphates at first cutting was only 9,240 pounds.

VIL — Soil tests. The past season was the nineteenth dur-

ing which the south soil test reported upon has continued.

The results show the surpassing importance for the production

of satisfactory corn crops of a liberal supply of potash.

VIII. — Experiment in the application of manures and fer-

tilizers for grass. The materials used are : first, barnyard

manure ; second, wood ashes ; and third, a combination of

fine-ground bone and potash. The average yield of hay dur-

ing the past season was at the rate of 5,005 pounds. The

average for the fifteen years during which the experiment has

been continued has been 6,296 pounds.

IX. —Winter versus spring application of manure on a slope.

The crop of the past year was mixed grass and clover. The

experiment was a test simply of the residual fertility from

previous applications, as no manure was applied this year, as

it was feared it would cause serious lodging of the crop. This

judgment was justified by the result. The crop was extremely

heavy, and considerably lodged in spite of the fact that manure

was not applied this year. The differences in yield were small,
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and did not indicate greater residual fertility where spring ap-

plication of manure has been the rule than in the other plots.

X.— Experiment in the application of nitrate of soda for

rowen. Owing to the deficiency of rainfall in the latter part

of July and August, the rowen crop this year was small. The

increase in crop resulting from the application of nitrate was

not sufficient on the average to repay the cost of application.

XL — Experiments in feeding hens. These indicate the

great value of animal protein and fat and the injurious influence

of fibre in the ration.

I.

—

Manuees and Fertilizers furnishing Nitrogen com-

pared. (Field A.)

The materials under comparison in this experiment, all of

which are used in such quantities as to furnish equal nitrogen

per plot, are barnyard manure, nitrate of soda, sulfate of am-

monia and dried blood. The field includes eleven plots, of

one-tenth acre each, and, with few and unimportant exceptions,

each plot has been manured in the same way since 1890. Each

receives equal and li))cral amounts of phos})horic acid and potash,

the former in the form of dissolved ])one black, the latter in the

form of muriate, to plots 1, 3, 6, 7, 8 and 9, and in the form

of low-grade sulfate to plots 2, 4, 5 and 10. Three plots have

had no nitrogen applied to them in any form since 1884. The

various materials are used on the other plots in such quantities

as to furnish nitrogen at the rate of 45 pounds per acre. Barn-

yard manure is applied to one plot, nitrate of soda to two, sul-

fate of ammonia to tliree and dried blood to two.

From a period very early in the history of this experiment,

the plots to which sulfate of ammonia has been applied have

shown a tendency to comparative unproductiveness, due appar-

ently to unfavorable chemical or biological conditions. It was

thought probable that application of lime would correct tliese

faulty conditions, and 50 pounds of unslaked lime were applied

to plot 6 in 1896. The entire field has been twice limed (in

1898 and 1905) since that date, at the rate of about 1 ton to

the acre. In spite of these ai)i)lications, the yield on the sul-

fate of ammonia plots, as will be noted, is still much l>elow the

average of the other plots.

The crops gi'own in this experiment previous to this year in
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the order of their succession have been : oats, rye, soy beans,

oats, soy beans, oats, soy beans, oats, oats, clover, potatoes,

soy beans, potatoes, soy beans, potatoes, oats and peas, and

corn.

The crop the past year was alsike clover, considerably mixed,

however, with grass, on all plots except those to which no

nitrogen has been applied. The clover was sown in the stand-

ing corn on Aug. 6, 1906. When the corn was harvested in

the fall of 1906, it was very apparent that the clover was rela-

tively weak and unhealthy on all plots to which nitrogen has

been applied during the progress of this experiment. The

clover was tliicker and more healthy on the tliree no-nitrogen

plots than on any of the others. It was poorest on the sulfate

of ammonia plots, and especially poor on the plots where sul-

fate of ammonia has been used in com))ination with muriate of

potash. The relative condition of the clover on the different

plots on the opening of spring was about the same as in the

autumn, and as on most of the plots it was too thin for a good

crop, 3I/2 pounds of alsike clover seed were sown per plot on

April 3. This seed germinated fairly well, but of course the

young plants from this seeding affected the rate of yield in the

first crop but little. The rates of yield on the several plots

and the sources of nitrogen and potash on each are shown in

the following table :
—
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The fact that where the clover was relatively thin grasses

came in to a considerable extent serves to ol)scure the effect

of the different materials supplying nitrogen on the clover in

the first crop. The second or rowen crop was very small on

all plots. The principal reasons for this were two: (1) the

first crop was cut late on account of bad weather; (2) there

was but little rain during the latter part of the summer. The

yield of rowen on the no-nitrogen plots, however, stands rela-

tively much higher as compared with the yield on the other plots

than was the case with the first crop. This difference was due

to the fact that there was relatively little grass mixed w^ith the

clover in the rowen crop.

The average yields of this year on the several fertilizers are

shown in the following table :
—
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Combining the results of this year with those for previous

years, on the basis of total yield per plot, the relative stand-

ing IS :
—



36 EXPERIMENT STATION. [Jan.

on these plots must be due to residual nitrogen, which diu-ing

the progress of the experiment has gradually accumulated.

Calculation, however, shows that the crops harvested from

these plots during the years that the experiment has continued

must have removed from the soil larger quantities of nitrogen

than had been applied.

The fact that the soil has been so heavily limed twice within

recent years seems to preclude the conclusion that the relative

failure of the clover is due to an acid condition of the soil

;

and, indeed, careful chemical analyses of samples taken last

spring show that the soil of these plots does not, as a rule,

contain appreciable quantities of free acid. We are unable,

then, at present to account for the results obtained ; but careful

chemical and biological investigations will be carried out, with

a view to throwing light upon this most important question.

II.

—

The Relative Value of Muriate aind High-grade

Sulfate of Potash. (Field B.)

In this experiment, which was begun in 1892, muriate of

potash is compared with high-grade sulfate, on a basis of such

applications as will furnish equal actual potash per acre in con-

nection with an annual application of fine-ground bone at the

rate of 600 pounds per acre. Potash has been applied in differ-

ent years in varying quantities. At first the applications were

exceptionally heavy,— 350 to 400 pounds per acre of these

salts were applied. Since 1900 each has been applied at the

rate of 250 pounds per acre annually.

The crops during the progress of the experiment have em-

braced nearly all those common to this latitude. During the

past year they have been : cabbages on two plots ; asparagus,

rhubarb, raspberries and blackberries, all on each of two plots

;

corn on four; and squashes on two. The rates of yield of the

various crops on the different fertilizers are presented in the

following table :
—
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Crops. Fertilizers used. Plot. Yield per Acre (Pounds)

.

Cabbages,

Rhubarb,

Raspberries,

Blackberries,

Asparagus,

Corn,

Corn,

Squashes,

( Muriate of potash,

( Sulfate of potash,

( Muriate of potash,

( Sulfate of potash,

( Muriate of potash,

( Sulfate of potash,

( Muriate of potash,

( Sulfate of potash,

Muriate of potash.

Sulfate of potash,

( Muriate of potash,

( Sulfate of potash,

( Muriate of potash,

( Sulfate of potash,

Muriate of potash.

Sulfate of potash.

11

12

13

14

13

14

13

14

13

14

15

16

17

IS

19

20

39,522.70

38,461.50

Stalks.

30,733.90
Leaves.
24,526.00

30,685.30 26,168.20

42.05

105.14

365.38

738.76

4,071.10

2,428.00

Hard. Soft. Stover.
63.56 bush. 6.05 bush. 7,943.80

63.02 bush. 5.61 bush. 7,739.00

64.78 bush. 5.78 bush. 8,052.00

64.94 bush. 7.10 bush. 7,781.40

10,810.70

8,378.40

Cabbages.— The yield of cabbages on the two potash salts

this year is substantially equal. The crop on both was good.

This result is not in ag-reement with results which we have

usually obtained. As a rule, the sulfate of potash has given

us larger crops of cabbages and better headed than muriate.

The crop on this salt this year shows a slight inferiority in total

yield. This difference is perhaps accounted for by the fact that

the latter part of the summer was exceptionally dry. In seasons

with less than normal rainfall and on light soils the muriate of

potash often shows itself to be superior to the sulfate for crops

which under opposite conditions give the best results with the

sulfate.

Rhuhai'h.— With this crop, as with the cabbages, the results

are substantially equal, whereas in earlier years the sulfate has

given the larger yields. The explanation is perhaps that sug-

gested in discussing the results with cabbages.

Asparagus.— It will be noticed that the yield of asparagus

on the muriate of potash is much larger than on the sulfate.

This is in accordance with the results which have previously

been obtained with this crop. The customary practice of
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depending largely upon muriate as a source of potash would

appear, therefore, to be wise.

Jiaftpbei'fies arid BladtheiTies.— The yield of both these

fruits is exceedingly small, as both were seriously winter-

killed. This year, however, as in earlier years, the yield on

the sulfate of potash is much greater than on the muriate. This

difference in yield is undoubtedly mainly a consequence of the

fact that the canes produced where sulfate of potash is applied

are better ripened and go through the winter better than where

muriate is used.

Squashes. — The variety of squashes grown, Delicious, was

planted on June 29, having been put in after two failures to

get a satisfactory start of carrots on the plots occupied. The

date of planting was, of course, far later than is desirable.

Autumn frosts, however, held off later than usual, and a mod-

erate crop was secured. The yield on the muriate was con-

siderably greater than on the sulfate.

Corn.— Plots 15, 16, 17 and 18 were occupied by a variety

test of sixteen different kinds of corn, forwarded for trial by

the Bureau of Plant Industry of the Department of Agriculture.

The results for the different varieties have not yet been fully

worked up, and the total yields only are presented in detail.

On one of the pairs of plots the muriate gives a considerably

larger crop of grain ; on the other the crops are substantially

even. The muriate gives the larger yield of stover in both

cases. The latter result is in accordance with those which we

have usually obtained where these potash salts have been com-

pared for corn. Earlier experiments have not shown any

considerable difference in the value of the two salts for grain

production, and the results of this year, not being in agreement

on the two pairs of ]:)lots, cannot be regarded as especially sig-

nificant. They were possibly somewhat affected by the fact

that so large a number of varieties was included in the experi-

ment ; although an effort to equalize conditions was made by

running the rows of the different varieties across the plots, so

that each plot included the same quantity of each of the several

kinds.

As of possible interest, it may be here stated that among the

different kinds grown in this experiment, which included some



1908.] PUBLIC DOCUMENT— No. 33. 39

of those found in the experiments conducted by the department

in various parts of the country to be the most promising, Hint

and dent varieties both being included, the largest yield was

furnished by a variety of dent corn known as Minnesota No. 13

and the next largest by the Rustler White dent, a variety largely

grown on the college farm in Amherst for the past two years,

and obtained originally from a seedsman in Minnesota. Both

of these varieties were fairly well ripened, although the cold,

rainy spring and early summer months were highly unfavorable

to the corn crop in this locality.

III. — Comparison of Different Potash Salts for Field

Crops. (Field G.)

The general plan of this experiment is briefly stated in the

nineteenth annual report, from which I quote :
—

This experiment is designed to show the ultimate effect upon the soil,

as well as the current effect upon the crops, of continuous use of different

potash salts. We have under comparison kainit, high-grade sulfate, low-

grade sulfate, muriate, nitrate, carbonate and silicate. The field includes

forty plots, in five series of eight plots each. Each series includes a no-

potash plot, as well as the seven potash salts which have been named.

The experiment is therefore carried out each year in quintuplicate. The

area of each plot is one-fortieth of an acre. The potash salts under com-

parison are used in quantities which will supply annually actual potash at

the rate of 165 pounds per acre to each of the plots. All plots are equally

manured, and liberally, with materials furnishing nitrogen and phosphoric

acid

.

The experiment began in 1898, and the crops in the several

years have been as follows :
—

1898. Medium Green soy beans.

1899. Potatoes.

1900. Plots 1-8, cabbage; 9-24, Medium Green soy beans; 25-40,

cow peas.

1901. 1-8, wheat; 9-40, corn.

1902. Clover.

1903. Clover.

1904. 1-16. cabbage; 17-40, com.

1905. Soy beans.

1906. Potatoes.

1907. Potatoes.
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As the results of last year indicated an important relation

between the supply of potash in available form and the preva-

lence of blight, it was decided to plant the field to potatoes

again in 1907, although it was recognized that this plan in-

volved considerable risk that the crop would be seriously

aifected by scab, since, in spite of the fact that the seed planted

in this field has ahvays been thoroughly treated for destruction

of the scab fungus, it had been noticed that the crop in a por-

tion of the plots was somewhat affected by this disease. The
amount of scab showing itself this year was unexpectedly seri-

ous, and this fact clearly indicates the soundness of the con-

clusion that potatoes should not as a rule be grown twice in

succession upon the same field.

The variety of potatoes grown this year was Green Mountain.

The seed was treated with formalin solution in the usual man-

ner. On account of excessive rains throughout the early spring,

planting was deferred until later than usual, — May 23. The

crop was thoroughly cared for throughout the season, and

sprayed twice with different combinations of fungicides and

insecticides.^ The yields per plot and the rates of yield per

acre are shown in the following- table :
—
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Potatoes.— Average Yields per Acre (Bushels').

Potash Salt. Large.

No potash (plots 1, 9, 17, 25, 33), .

Kainit (plots 2, 10, 18, 26, 34),

High-grade sulfate (plots 3, 11, 19, 27, 35)

,

Low-grade sulfate (plots 4, 12, 20, 28, 36)

,

Muriate of potash (plots .5, 13, 21, 29, 37),

Nitrate (plots 6, 14, 22, 30, 38),

Carbonate (plots 7, 15, 23, 31, 39), .

Silicate (plots 8, 16, 24, 32, 40),

168.93

220.47

234.73

245.90

236.57

235.07

223.13

223.73

Small.

20.90

11.77

15.47

14.97

19.53

15.67

21.87

18.83

The no-potash i)lots this last year gave a yield much inferior

to that produced on the plots receiving potash. The highest

average yield was produced on the low-grade sulfate of potash :

the lowest on the kainit. The differences between the different

potash salts, exclusive of the kainit, are, however, relatively

small. The full table showing the rates of yield per plot shows

that there was considerable rot on about one-half of the plots.

Dr. Stone failed to discover Phytophthera infestans on the

foliage. The rot did not set in until the heavy rains of autumn.

The variation in the proportion of decayed tubers in the different

plots appears to be due to a difference in moisture conditions.

There seems to be no well-defined influence on the propor-

tion of decayed tubers which can be attril)uted to the potash

salt employed. This year, as last, the foliage of the vines

on the no-potash plots died much earlier than on any of the

plots receiving potash. This premature death of the foliage

may, however, have been due simply to lack of vigor consequent

upon deficiency of potash in the soil, as Dr. Stone failed to

find the characteristic fungi causing either the early or the late

blight. It is probable, however, that in seasons with climatic

conditions more favorable to the blight fungi they would attack

the relatively weak foliage of plants growing where potash is

deficient more seriously than they would the mon; vigorous

foliage of better-nourished plants.
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IV.— North Corn Acre.— Special Fertilizer v. Ferti-

lizer EicHER IN Potash.

This experiment, which was begun in 1891, is designed to

test the question whether the special corn fertilizers as offered

in our markets are of such composition as seems to be best

suited for the production of corn and mixed hay in rotation.

The experiment occupies an acre of ground, and is divided

into four equal plots, numbered from 1 to 4. Plots 3 and 4

were sown to millet during the first two years of the experi-

ment, but with this exception their treatment has l)een the

same as that of plots 1 and 2, 3 being a duplicate of 1 l)oth

as regards fertilizer ap})lication and crops produced, and 4 a

duplicate of 2. The field has been in mixed grass and clover

during three two-year periods, 1897-98, 1901-02 and 1905-06.

With these exceptions, and with the further exception referring

to millet noted above, corn has been the crop. Whenever the

field has been put into grass and clover, it has been seeded in

the standing corn of the previous year. Plots 1 and 3 have

yearly received an ap})lication of fertilizers (a home mixtiu-e),

furnishing nitrogen, phosphoric acid and potash at the rate per

acre which would be supplied by 1,800 pounds of fertilizer

having the composition of the average of the special corn ferti-

lizers analyzed at this station. We have made but one change

since 1899, as this average changes but little from year to year.

The average composition of such fertilizers at that time was as

follows :
—

Per Cent.

Nitrogen, 2.37

Phosphoric acid, ........ 10.00

Potash, 4.30

The fertilizer used on plots 2 and 4 has been a home mixture

richer in potash and much poorer in phos})horic acid than the

mixture representing the average corn fertilizers offered in the

market. The difference in the application of the fertilizer ele-

ments is made clear in the followins; table :—
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Fertilizer Elements a])pliecl anmially.
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Average Yields per Acre.

Plots.
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Each time that the land has been seeded it has been cut twice annually for

two 3'ears. The sod has then been broken in the fall for the corn crop of the

followmg year. The years Avhen the field has been in mowing are 1898

and 1899, 1901 and 1902, and 1905 and 1906.

Manure has been apijlied to plots 1 and 3 every year, at the rate of 6

cords per aci-e, with the following exceptions. No manure was applied

in 1897, 1902 and 1905, and in 1898 the amount applied was at the rate

of 4 cords per acre. The reason for the omission of manure in the years

mentioned and for the smaller amount in 1898 was that experience indi-

cated that its application would cause the grass and clover to lodge badl}'.

Manure has been applied to plots 2 and 4 as follows : in 1891 and 1892,

at the rate of 3 cords per acre; in 1898, at the rate of 2 cords per acre;

while in 1897, 1902 and 1905 no manure was ajiplied. In all other years

the api)lication has been at the rate of 4 cords per acre. Potash has been

applied to plots 2 and 4 at tlie rate of 160 pounds per acre of high-grade

sulfate annually, except in the years when no manure was api^lied. In

these years the potash also was withheld.

The entire field was limed in 1900 at the rate of 1 ton per

acre. The manure used has been from Aveli-fed milch cows,

and has usually weighed about 3 tons per cord. Both manure

and fertilizer were applied broadcast after plowing, and har-

rowed in.

The following tables show the rates of yield on the several

plots and the averages under the two systems of manuring :
—

Yields per Acre, 1907.

Plots.
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combination of a lesser quantity of manure and the potash. On
the other liand, the average yield of soft corn and of stover is

greater on the combination of manure and potash. This result

is in some respects analogous to that obtained Avith fertilizers

on the north corn acre. In a more favorable season, the com-

bination of manure and potash is likely to make a better relative

showing. In estimating the significance of the results actually

obtained, however, it should be kept in mind that, assuming

the farmyard manure to cost $5 per cord applied to the field,

the annual difference in cost of materials applied under the two

systems of manuring has amounted to about $6 per acre, the

application of the lesser amount of manure and the potash cost-

ing aljout that amount less than the larger application of manure.

VI.— CoiMPARisox OF Phosphates on the Basis of Equal
Application of Phosphoric Acid.

This experiment, comparing different phosphates, has been

in progi'ess eleven years. The phosphates under comparison

are as follows : apatite (fine ground^) , South Carolina rock phos-

phate (fine ground), Florida soft phosphate, basic slag meal,

Tennessee rock phosphate (fine ground), dissolved bone black,

raw bone meal, dissolved bone meal, steamed bone meal and

acid phosphate. Each is applied in such quantities as to fur-

nish phosphoric acid at the rate of 96 pounds per acre. Three

plots have received no phosphoric acid during the entire period

of the experiment. All plots have annually received an appli-

cation of materials furnishing nitrogen and potash and in equal

amounts, nitrogen being furnished at the rate of 52 pounds and

potash at the rate of 152 pounds per acre. In the case of a few

crops requiring especially high manuring (onions and cabbages)

,

a supplementary application of quick-acting nitrogen fertilizers

has been made to all plots alike. The crops grown in this field

in the order of succession have been as follows : corn, cabbages,

corn,— in 1900 two crops,— oats and Hungarian grass (both

for hay) , onions, onions, cabbages, and mixed grass and clover

for two years. The plots were seeded to mixed grass and
clover in the spring of 1905 ; the present is therefore the third

year that they have been in grass. The yields and the gain or

1 Not used either in 1906 or 1907, as it is not offered by dealers.
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loss as compared with the no-nitrogen plots are shown in the

following table :
—
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differences are comparatively insignificant. The yield of rowen

this year was exceptionally small, and for the same reasons as

those which have been mentioned in discussing the results on

Field A, viz. : late cutting of the first crop, and protracted

drought during the latter part of the summer.

VII. — Soil Tests.

Soil test work has been continued upon the two acres which

have been used so long in work of this description. The plan

is the co-operative method adopted in convention in Washing-

ton in 1889. The crops of this year have been, on one acre,

corn ; on the other, mixed grass and clover. The latter was

sown this spring, and the crop, which was considerably mixed

with weeds, was not weighed separately for the difi*erent plots.

No detailed report will be made, therefore, for this acre. In

this soil test work the kinds of fertilizers and the rates of ap-

plication per acre arc as follows :
—

Nitrate of soda, 160 j)oimcls, furnishing nitrogen.

Dissolved bone black, 320 pounds, furnishing phosphoric acid.

Muriate of potash, 160 pounds, furnishing potash.

Land plaster, 800 pounds.

Lime, 800 pounds.

Manure, 5 cords.

Soil Test with Corn (South Acre).—This acre has been

used in soil tests for nineteen years, beginning in 1889. The
field was limed, each time at the rate of 1 ton per acre, in 1899

and 1904. Early in the spring of the present season it received

another application of lime, at the rate of 1,000 pounds per

acre of R. R. agricultural lime, manufactured by the Rockland-

Rockport Lime Company. This was spread after plowing, as

in previous 3''ears, and harrowed in. The crops for the succes-

sive years have been as follows : corn, corn, oats, grass and

clover, grass and clover, corn (followed by mustard as a catch

crop), rye, soy beans, white mustard, corn, corn, grass and

clover, grass and clover, corn, corn, corn, grass and clover,

grass and clover. The crop for the present season was corn,

which is, therefore, the ninth corn crop grown in the field since

the experiment began in 1889. Three times during this period
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the field has been put into mixed grass and clover, each time

for two years. The third grass and clover period ended last year.

The sod, however, was not turned until last spring. The soil

was well prepared, but, owing to the cold and rainy spring, the

crop, Rustler White dent, was not planted until June 1. The

character of the past season, as has been pointed out in another

section of this report, was rather unfavorable for corn. The

following table shows the fertilizers used on the several plots,

the mtes of yield and the gain or loss per acre compared with

the nothing plots :
—

Corn. --South Acre Soil Test, 1907.

Plots.

Plot 1, .

Plot 2,.

Plot 3, .

Plot 4, .

Plot 5,

.

Plot 6,.

Plot 7, .

Plot 8,.

Plot 9, .

Plot 10, .

Plot 11, .

Plot 12,

.

Plot 13, ,

Plot 14, .

Fertilizers bsed.

Yield per Acre.

Corn
(Bushels),

Nitrate of soda,

Dissolved bone black,

Nothing, .

Muriate of potash,

Lime,

Nothing, .

Manure, .

Nitrate of soda and dissolved l)one

blaciJ.

Nothing

Nitrate of soda and muriate of
potiish.

Dissolved bone black and muriate
of potash.

Nothing,

Plaster,

Nitrate of soda, dissolved bone
black and muriate of potash.

1.00

.81

2.00

23.31

1.25

2.2.5

72. .'jO

10.06

3.81

31.13

30.13

3.38

7.75

38.31

Stover
(Pounds).

720

700

1,000

6,000

900

1,100

6,900

2,600

1,100

5,400

6,500

soo

1,200

5,.500

Gain or Loss per Acre,
compared with

Nothing Plots.

Corn
(Bushels)

.

Stover
(Pounds).

—1.00

-1.19

+21.23

—.92

+70.25

+6.25

+27.46

+26.61

+4.37

+34.93

—280

—300

+4,967

—167

+5,800

+1,400

+4,400

+5,600

+i00

+4,700

It will be noticed that the yield on the nothing plots is ex-

cessively small, amounting on the average to but little more

than 21/2 bushels of shelled corn per acre and about 1,000 pounds

of stover. The use either of nitrate of soda or of dissolved

bone black alone gives absolutely no increase ; indeed, the

crops on these single fertilizer materials were smaller than on

the nothing plots. On the other hand, the use of muriate of

potash at the rate of 160 pounds per acre (for this, the nine-
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teenth year during which the land has been fertilized only with

this material) gives an increase at the rate of rather over 20

busliels of corn and nearly 21/^ tons of stover per acre. The

tables Avliich follow bring out the eifects of the different ferti-

lizer elements when used alone or in different combinations with

ofreat clearness :
—
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The last of the four tables under consideration shows the

results, as compared with the nothing plots, of the use respec-

tively of the lime, the manure, the plaster and the complete

fertilizer. The lime used alone proves absolutely valueless.

The manure gives a heavy crop, and its use is highly profitable.

Plaster produces a small increase. Complete fertilizer pro-

duces a fair crop, and is moderately profitable.

Attention is here called to the fact, previously noted in

referring to this field, that the object in view is not to demon-

strate the possibility of producing large crops, but to bring out

the specific effects of long-continued use of the difierent ferti-

lizer elements and fertilizer combinations. A more profital:)le

crop could undoubtedly be produced on fertilizers by making a

more liberal application. The possibility of doing this is suf-

ficiently demonstrated by the results obtained in raising corn

in alternation with mixed mowings on fertilizers alone on the

north corn acre,^ where highly profitable crops have been yearly

produced. This soil test work, taken in connection with other

experimental work, a part of which is referred to in this report,

and in connection with results obtained in various parts of the

State, certainly indicates the desirability of a more general and

larger use of fertilizers rich in potash in the production of the

corn crop.

VIII. — Experiment in Manuring Grass Land.

The plan of this experiment will be understood fi'om the

following outline, quoted from my sixteenth annual report :
—

In this experiment, which has continued since 1893, the purpose is to

test a system of using manures in rotation for the production of grass. The
area used in the experiment is about 9 acres. It is divided into three

approximate!}^ equal plots. The jjlan is to apjjly to each plot one year

barnyard manure, the next year wood ashes, and the third year, fiue-gi'ound

hone and muriate of potash. As we have three plots, the system of ma-

nuring has been so arranged that every year we have a plot illustrating the

results of each of the applications under trial. The rates at which the sev-

eral manures are employed are as follows: barnyard manure, 8 tons;

wood ashes, 1 ton
;
ground bone, 600 jjounds ; and muriate of potash, 200

pounds, per acre. The manure is always applied in the fall ; ashes and

the bone and potash in early spring.

1 See page 43.
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The past season in this part of Massachusetts was in general

favorable to a large yield of hay at the tirst cutting, but the

rowen crop was in most fields much smaller than usual, on ac-

count of the deficienc}^ of rainfall during the latter part of July

and August. It will be noted, however, that the jdelds in this

field during the past season were considerably under the general

average for the entire period of the experiment. The results

for each of the systems of manuring is shown in the table :
—

Fertilizers used.

Yield per Acre.

Hay
(Pounds).

Rowen
(Pounds).

Total
(Pounds)

.

Barnyard manure,

Bone and potash,

Wood ashes,

3,517

3,903

3,083

1,205

1,7-28

1,579

4,722

5,631

4,662

The average for the entire area this 3'ear was 5,005 pounds.

The average from 1893 to 1906, inclusive, was 6,389 pounds

of well-dried hay per acre annually. The average to date, in-

cluding the crop of the past season, is 6,296 pounds. A com-

parison of the average yield throughout the entire period for

each of the several systems of manuring will be of interest.

These averages are as follows :
—

When top-dressed with manure, .

When top-dressed with wood ashes,

When top-dressed with bone and muriate,

Pounds per Acre.

C,525

5,965

6,284

In each of plots 1 and 2 two different mixtures of grass seeds

are under comparison on equal areas. One of the mixtures in

each plot is the usual farmer's mixture of timothy, redtop and

clovers. The other mixture contains a considerable variety

of seeds, but tall and meadow fescues are the predominating

species. These plots were seeded in 1902. During the first

few years the timothy mixture gave the larger yields. During

the past season the fescue mixture has given the larger total

yields on both plots. The difierences, however, are not large.
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IX.— Experiment in the Application of Manure.

Full details with reference to the plan followed in this ex-

periment will be found in the nineteenth annual report. Briefly

stated, the object is to compare results obtained through spread-

ing manure as it is removed from stables during the winter

with the practice of storing in a heap in the open air imtil

spring and then spreading. The field which is used in this

experiment slopes quite rapidly toward the west. The experi-

ment was begun in 1899 ; the past season, therefore, is the

ninth during which the experiment has continued. The crop

this year was mixed grass and clover, sown in the standing

corn of the previous year. No manure was applied either in

winter or spring this year, as it was apparent that the land,

which has been manured annually at the rate of 6 cords to

the acre for the past eight years, would produce as rank a

growth as was desirable. The rates of yield per acre and the

relative standing of the several plots are shown in the following

table :—
Grass and Clover.— Actual Yields (Pounds per Acre')

.

Plot 1,

Plot 2,

Plot 3,

Plot 4,

Plot 5,

Plots.

North Half,
Winter Application.

Hay.

6,885

6,885

5,948

6,633

6,327

Roweu.

973.3

1,261.7

1,279.7

973.3

558.8

South Half,
Spring Application.

Hay.

6,903

6,795

6,363

6,164

6,020

Rowen.

1,081.5

1,135.5

1,117.5

1,027.4

973.3

Grass and Clover. ^- Relative Yields (Per Cent.).

Plot 1,

Plot 2,

Plot 3,

Plot 4,

Plot 5,

Plots.

North Half,
Winter Application.

Hay.

100

100

100

100

100

Rowen.

100

100

100

100

100

South Half,
Spring Application.

Hay. Rowen.

100.26
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The crops of this year are of course a measure only of the

residual fertility from previous manuring. The yield was

heavy, but, as will be noticed, it was not uniformly favorable

to either system of application, although on the whole the plots

to which the mamu'e has been applied during the winter gave

the heavier yields. These experiments to date do not support

the view that the waste following winter application of manure

is sufficiently serious to offset the saving in labor, as compared

with the system of double handling which storing in heaps to

be spread in the spring involves. Our records indicate that

spring application costs at the rate of about $4.80 per acre

more than the single handling, where the manure is spread when

hauled during the winter.

X.— Nitrate of Soda for Rowen.

This experiment was designed to determine whether the

application of nitrate of soda made soon after the first crop is

cut will give a profitable increase in rowen. The field, although

originally seeded to pure timothy in 1897, now gives crops

largely mixed with clover. The total area is a little more than

three acres. For the first crop we apply fertilizers at the fol-

lowing rates per acre : nitrate of soda, 150 pounds ; muriate of

potash, 200 pounds ; fine-ground bone, 400 pounds.

For the purpose of the experiment with nitrate of soda, eight

equal plots have been laid off, each containing almost exactly

one-third of an acre. Alternate plots have annually received a

top-dressing of nitrate of soda after the removal of the first crop

during the past seven years. For the past four years, in order

to facilitate the more even distribution of the nitrate, it has

been mixed with sufficient basic slag meal to furnish an applica-

tion of the latter at the rate of 400 pounds per acre ; and to

equalize conditions on the alternate plots to which no nitrate is

applied, the slag meal is applied to all of these at the same rate.

The results obtained the past season are presented in the

table :
—
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Nitrate of Soda for Rowen.

Plots. Fertilizers used (Rates per Acre).
Yields

(Pounds).

Increase
per Acre
(Pounds)

.

Plot 1,

Plot 2,

Plot 3,

Plot 4,

Plot 5,

Plot 6,

Plot 7,

Plot 8,

Slag meal, 400 pounds

Slag meal, 400 pounds; nitrate of soda, 150 pounds,

Slag meal, 400 pounds

Slag meal, 400 pounds; uitrate of soda, 150 pounds,

Slag meal, 400 pounds,

Slag meal, 400 pounds; nitrate of soda, 200 pounds,

Slag meal, 400 pounds,

Slag meal, 400 pounds ; nitrate of soda, 250 pounds.

1,295

1,584

1,249

1,493

1,417

1,712

1,173

2,285

312

160

417

1,112

The differences this year, although indicating a beneficial ef-

fect in every instance from the application of nitrate, are com-

paratively small except on plot 8. This is doubtless accounted

for in large measure by the extreme drought which prevailed

during the latter part of the summer. At current retail prices

for nitrate during the past season its application did not prove

profitable in any instance.

XI.

—

Poultry Experbients.

The poultry work of the past year has consisted in a repeti-

tion of the experiments in feeding for eggs which were carried

out during the two preceding years. The general results ofthese

experiments cannot perhaps be better expressed than in the fol-

lowing words, quoted from the nineteenth annual report :
—

The experiments liad indicated : first, that, provided fat is abundant in

the ration, higli protein content is not essential ; second, tliat, if the fat

content of the ration is low, a large proportion of protein in tlie feeds used

appears to be much more essential ; and third, that a large proportion of

fiber in the ration used is unfavorable to a good egg product.

The fowls used in the experiments of the past year were, as

in previous years, pullets ofour own raising. Carefully matched

flocks were kept, as in former years, each in a house by itself,

all of the houses being precisely similar in general dimensions

and construction. The results of the past season's work are

confirmatory in every particular of the results previously ob-

tained. A somewhat full account of our experiments will be
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published in a bulletin which will be issued in the near future.

I call attention here, therefore, only to what seem to be some

of the more important practical conclusions. In estimating the

reliability of these conclusions, it should be remembered that

they are based upon results (on the whole in exact agreement

throughout) which have been obtained in these long-continued

experiments. These practical conclusions are as follows :
—

1. When fat is abundant in the rations used in feedinof fowls, a

satisfactory egg product can be obtained by the use chiefly of

grains which are relatively low in protein and high in carbohy-

drates. This means that corn may safely constitute a large

proportion of the grain fed to laying fowls, and that it is not

necessary, in order to secure a satisfactory egg product, to pay

the higher prices usually demanded for wheat. It seems wiser

to depend chiefly upon animal foods, such as beef scraps of

good quality, to supply a fairly liberal proportion of protein

and to enrich the ration in fat, using corn in connection with

the scraps as the chief whole grain. A little wheat may be

desirable, for the sake of variety, but to feed wheat as a source

of protein seems unnecessary. Vegetable protein is not equal

in value for egg production to protein derived from animal

substances.

2. If, on the other hand, the combination of feeds used is

low in fat, then a ration which furnishes abundant protein will

prove considerably superior to one low in protein. K, for ex-

ample, a dried animal meal from which the fat has been largely

extracted, or such material as milk meal (milk albumen) made
b}^ the evaporation to dryness of separator skimmed milk low

in fat, be used as sources of animal protein, then the combina-

tion of foods, including wheat in large quantity and therefore

supplying protein in relative abundance, will give more eggs

than a combination of foods in which corn, which furnishes less

protein, is the principal gi'ain. It has been clearly shown in

investigations with domestic animals that in the process of

digestion and assimilation the protein of the food may undergo

changes resulting in the production of fat. If, as seems prob-

able, the laws controlling metalK)lism in the digestive and as-

similative processes of our domestic fowls are similar to those

in the larger domestic animals, we find in this fact an explana-
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tioii of the difference in relative importance of wheat and corn

in the rations of fowls with high and with low fat content. The

body temperature of the domestic fowl is much higher than that

of the larger domestic animals. To maintain this higher tem-

perature, the oxidation in the body of relatively large quantities

of heat producers must be essential. Among food heat-pro-

ducers fat possesses not only the highest unit value, but is low-

est in cost in proportion to value. It seems wise, therefore, in

feeding fowls to introduce this nutrient into the ration as largely

as is consistent with health. Beef scraps which have been care-

fully prepared, so that they are free from all bad odors or

rancidity, and which contain a fairly large proportion of fat

should be freely fed to laying fowls. They may not only with

safety, but with positive advantage, be kept before such fowls

all the time ; and if such scraps are so fed, then corn may safely

be the principal grain used.

3. The domestic fowl has little or no ability" to digest fiber.

Our experiments have shown that a large proportion of fiber in

the ration is unfavorable to egg production, other things being-

equal. The practice, therefore, of using such grains as oats,

barle}^ or buckwheat largely in the rations of laying fowls would

seem to be unwise. Here again it may possibly in some cases

be an advantag-e to use these g-rains in small amounts occasion-

ally, for the sake of variety. The w-riter, however, is not a

believer in this practice. He is able to obtain exceedingly

satisfactory egg product while depending almost wholly upon

corn, cracked or whole, as a grain ration, in connection with

a mash including bran or middlings, linseed meal, corn meal

and beef scraps.
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REPORT OF THE HORTICULTURAL
DIYISIONT.

F. A. WAUGH, horticulturist; CARL S. POMEROY, ASSISTANT

HORTICULTURIST; E. A. WHITE, FLORIST.

The work in horticulture has followed the same lines as in

recent years. Some additional problems have been under-

taken, particularly in plant breeding, but there has been no

change of general policy.

The experiments in pruning and in grafting have been con-

tinued, and have been combined with rather interesting results

in the production and management of dwarf fruit trees. This

subject just now commands a widespread interest, and the sta-

tion has been able to be of considerable assistance to suburban

residents, fruit gi'owers, nurserymen and other planters of

dwarf fruit trees. It has been thought best not to put out a

special bulletin on this subject for the present, though a book

on dwarf fruit trees, giving the results of our experience, has

been published privately.

The station work in horticulture has been greatly strengthened

during the year by the addition of some new men to the staff.

Mr. C. S. Pomeroy of the University of Vermont has been

placed in direct charge of all experimental work, and Prof. E.

A. White of Storrs Agricultural College, Connecticut, has

taken charge of the work in floriculture.
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KOTES OX THE PROPAGATION OE ApPLES.

F. A. WAUGH.

For several years the division of horticulture has been con-

ducting experiments on the propagation of fruit trees, especially

apples. For various reasons the so-called dwarfing stocks for

apples (Doucin and Paradise) have been largely employed and

carefully observed. Two objects have been kept most promi-

nently in mind in these experiments :
—

1. To observe as accurately as possible the effects of stock

on oion, a field of study which has long been of great interest

to horticulturists.

2. To determine the practical merits of different methods

of pro})agation, with especial reference to the production of

dwarf fruit trees.

While we have had a considerable quantity of material under

study, and have been able to draw fairly satisfactory conclu-

sions of a practical nature, it has been difficult to secure proper

quantities of material under suitably uniform conditions for

making exact scientific comparisons. The following data,

however, seem to be safe and worthy of credit.

Comparison of Standard, Doucin and Paradise Stocks.

It should be explained at this point that " standard" apple

stocks are the kind almost always employed in this country.

They are grown mostly in the west and south, from seeds taken

from apple pomace. These seedlings are then sold to nursery

men in every part of the country, and are used as stocks for

budding or grafting all varieties of apples.

Doucin stocks are mostly imported from France, where they

are grown, not from seeds, but from mound layers or cuttings.

They are somewhat slower growers than standard stocks, and

when budded with common varieties produce trees of a semi-

dwarf stature.
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.

Paradise stocks are also grown chiefly in France, and in the

same manner as the Doucin stocks. They are still dwarfer in

character, and when budded with ordinary varieties produce

very small trees. Some of these trees bear fruit abundantly at

two or three years old, and appear to be mature at a height of

8 feet, or even less.

This difference in growth may be seen in the nursery to some

extent, though usually the dwarfing effect of the Doucin and

Paradise stocks is less obvious there than after the trees are

planted in the orchard. This reservation is especially neces-

sary in the case of the Baldwin apple, wdiich shows a special

aptitude for the Doucin stock. Yet the general influence of

the different stocks is seen in a comparison of the growth of

two-year-old nursery trees given below :
—

Comparison of Baldwin Trees, Two Yeai's Old.

On Standard. On Doucin. On Paradise

Number of trees,

Average height (centimeters),

Ratio of height to diameter, .

89

166

103.8

47

116

82.9

37

98

70.0

The last of these figures, ratio of height to diameter, is the

most significant. A small ratio indicates what the nurseryman

calls a "stocky" tree. All the figures, however, indicate that

considerable differences exist between the tliree lots of Baldwin

trees propagated in the three different kinds of stocks.

However, averages are apt to be misleading, and they never

tell the wliole story. More information can be conveyed if we
adopt the graphic method, as in Figs. 1, 2 and 3, in Avhich each

entire group of trees is represented. Here the very different

characters of the curves, as well as their differing positions in

their enclosing rectangles, indicate the very striking diflerences

in the three lots of nursery trees. The tall, narrow, smooth

curve in No. 2 shows that the trees on Doucin stocks were much

more uniform than on the other two. As the short, stocky

trees are placed at the left of each curve with the tall, slim ones

at the right, it is easily seen that the trees on Paradise were

much stockier than those on Doucin, and those on Doucin were

in turn shorter and stockier than those on ordinary stocks.
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Number of Individuals.
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These results agree with the common belief regarding the

influences of the diflferent stocks ; but so far as we know these

influences have never before been carefully demonstrated and

measured.

The same difierences are shown between trees of other varie-

ties, such as Wealthy, Mcintosh, Greening, etc., when grown

on the dififerent kinds of stocks. Unfortunately, we do not

have a series of varieties growing on all three stocks, under

uniform conditions and of the same age, so as to make an ex-

tended comparison. However, the following averages of two

additional lots on Paradise and Doucin stocks will indicate the

generally uniform character of the influence of these stocks :
—

Comparison of Tivo-year-old Nursery Trees.

On ParadiBe.

Wealthy :
—

Number of trees,

Average height (centimeters)

,

Ratio of height to diameter,

Mcintosh :
—

Number of trees,

Average height (centimeters),

Ratio of height to diameter.

51

128

98.5

60

154

96.2
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Yaeiatiox IX Peas.

F. A. WAUGH ; C. S. POMEROY.

Two new ideas, of the magnitude of great discoveries, re-

cently brouglit to the front in the scientific world have devel-

oped an entirely new interest in plant breeding. This new

interest has manifested itself both in practical plant-breeding

work and in renewed scientific investigation. The two ideas

here referred to are : (1) Mendel's law, so called ; and (2) the

statistical method of studying variation and heredity.

The horticultural division of the Massachusetts Agricultural

Experiment Station has been engaged for several years in cer-

tain investigations in both these fields. On account of the

length of time required to secure definite results, no report has

yet been made of these experiments, but a brief report of some

of the partial figures may be of interest at this time, particularly

by way of illustrating the modern methods of study.

^

For the purposes of this particular study, one row of peas

was staked off in the middle of a field. A careful record was

kept of each vine, showing its length, the number of })()ds

borne, the length of the pods and the number of peas in each

pod. The variation is shown by the following figures :
—

Variation in
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These figures, however, give only very meager information as

to the whole range of variation, even in the qualities studied.

If we wish to know the facts more accurately, we should refer

to the graphic presentation on pages 66, 67 and 68.

Let us study first Fig. 1, showing the variation in length of

vine. The spaces along the bottom of the figure represent

diifcrent lengths of vine, in centimeters. The vertical spaces
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is that, while the average length of vine is 54.7 centimeters the

largest numlier of vines have a height of 60 centimeters. This

shows that the typical Excelsior pea vine in this field was

nearly 10 centimeters taller than the average ; or, to put the

matter another way, a relatively large nmnber of vines run

below the typical height.

"We may now direct our attention to the number of pods to
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Fig. 3 gives the curve representing the variation in number

of peas, to the pod. Two pods in eacli 100 at the average had

no peas, while one in 100 had 8 and one had 9. The average

was 3.4(5, l)ut the typical pod contained 4 peas, — distinctly

more than the average.
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Studies in Correlation.

These questions bring us immediately to the study of corre-

lation in variation,— one of the most im})ortant fields of plant

study. In no field, moreover, is the value of the statistical

method more conspicuous than in this.

There are two algebraic methods of answering the questions

just asked, the first known as Yule's method,^ and the second

may be called Pearson's method ^ or the method of compound

series. In applying the former method it is necessary to sepa-

rate the plants into four groups, according to the two characters

to be compared.

If we select those vines which bear 8 pods each or more,

putting them in one class, with those bearing 7 pods or less in

another class, and if we then sul)divide each of these classes

according to the average number of peas per pod on each vine,

we shall have the following groups and figures :
—
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In plain language, it appears that the few vines bearing an

abnormally large number of pods bear also an abnormally large

number of peas to the pod. These would certainly be the vines

which the pea grower would select in improving his stock

toward greater prolificacy.

If the whole number of vines is studied in one view, without

arbitrary division into classes, by the method of compound

series, the correlation coefficient is found to be— 0.017(5,'

a

number so small as to be entirely negligible.

While the results involved are of less practical interest, it

may be worth while to give the results of other correlation

studies with this same material. For instance, we may study

the correlation existino- between the lenslh of vine and the

number of peas per vine.

Of course we would expect the taller vines to bear the largest

number of pods and of peas ; and, in fact, the mathematical

computation shows a correlation coefficient of -[-O.GIJS^ when

it is understood that a coefficient of +1.0 shows the highest

correlation that can exist, and indicates two characters al)so-

lutely dependent on one another, it will be seen that -|-0. 6G8

indicates very close relationship between length of vine and

number of peas borne.

If we com})ute in a similar manner the relation existing be-

tween the numljcr of pods per vine and the total number of

peas per vine, we find a correlation coefficient of -1-0.897.^

These })eas will be made the basis of further breeding experi-

ments, and a comparison of future generations with the crop of

1907 may l)e expected to develop new points of interest.

1 standard deviation, pods per vine, 2.(U; peas per pod, 1.14.

2 standard deviation, lengtli of vine, 10. ij; peas per vine, 10.3.

8 standard deviation, pods per vine, 2.61
;
peas per vine, 10.3.
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The Physiological Constant for the Germi-
nating Stage of Cress.

F. A. WAUCII; C. S. POMEROY.

The subject of pli3%siological constants was studied several

years ago by the senior writer, and a report of certain investi-

gations made, to which the reader is referred for summaries of

the theories advanced by various investigators. ^ A brief state-

ment of the present accepted behef is here given, that the sulj-

ject may Ije properly understood by all.

A physiological constant may be defined as the amount of

heat required to carry a plant through some certain stage of its

growth. Thus each species of plant and each phase of develop-

ment for each species would have its own physiological con-

stant.

De Candolle, 2 writing over fifty years ago, set forth two

fundamental principles which are accepted as sound to-day

:

"1. The active heat is the product of the degree of tempera-

ture and its duration. A more intense heat in a short time

produces the same efix3ct as a less intense heat in a longer time.

This is true, provided the range of temperature and the space

of tinje are limited. 2. Every plant requires a certain mini-

mum of heat for each of its physiological functions, as germi-

nating, leafing, flowering, etc. The temperatures below freez-

ing point have no eflect on plants, or at a certain low degree a

destroying one ; but there are many species on which the

lower degrees above the freezing point have no effect. There

is a starting point of vegetation for every species at a certain

degree of temperature ; every species requires a certain sum
of heat above a certain degree of temperature, distributed over

a certain space of time between a minimum and a maximum of

1 F. A. Waugh, Vermont Agricultural Station report, II. (1898), pp. 263-272.

2 Alphonse De CaudoUe, "Ueographie Botanique" (1855).
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duration." This minimum of temperature, which must be

reached before any development takes place, has been called

the critical temperature. De Candolle considered 43° as the

critical temperature for all plants. Previously it had been

placed at the freezing point. Now it is known that this point

varies for different species and varieties, and for different func-

tions.

The theory as above stated assumes as the constant the sum

total of temperatures above a certain minimum point for tlie

elapsed time. Such a constant is of use in places having simi-

lar climates, but obviously is not suitable for comparisons be-

tween places having diff'erent lengths of growing seasons ; for

plants of the same species come to maturity in northern latitudes

with a very much less sum of heat than in more southern loca-

tions. In order to correct this inaccuracy, Linsser^ proposed

the aliquot idea. To determine the aliquot for any ph3^siologi-

cal function, the sum temperature for the given phase is di-

vided by the sum temperature for the entire year, as obsei-ved

at the same station. Thus, instead of depending upon the

production of a certain constant sum of heat, certain stages are

considered as due to be completed when the sum temperatures

above the critical temperature equal a definite fraction of the

sum temperatm-e of the year. Linsser called this fraction the

physiological constant.

Another question is presented by this study of the aliquot,

namely : Is the critical temperature constant for a given function

and species in diiferent latitudes ? No investigations are known

which have sought to determine this point, but theoretically it

nmst be answered in the negative, as a little thought will show.

If we consider this constant to be the same in all latitudes, how

can we conceive of certain trees and shrul)s having any dormant

periods in locations where the temperature rarely falls as low

as that at which they bloom in our northern climate ? That is,

the temperature is continually above the critical temperature,

and no chance is offered for the plants to rest.

Heretofore all investigations of this subject have depended

u})on thermometer readings for their measurements of the sum

, tein])eratures. These readings were taken two or three times a

1 Carl LlnBser, " Die Perlodische Erscheinungen dcs Pflanzenlebens lu Ihrem Verhaeltniss

zuden WiienncerBclieinungeu." Mem. Acad.Sci., St. Petersb., sev. VII., 11 (1S67), No. 7, p.

35.
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day, their mean found, and that figure employed as the tem-

perature of the day. This method has given results which were

obviously very inaccurate as to the sum of heat for the time,

and much more variable on some days than on others. How-
ever, in comparing difterent sets of observations taken in this

same manner, the variations have averaged up with each other

fairly well and relatively correct comparisons could be made.

For several years the division of horticulture has been carry-

ing forward a series of investigations in this field by methods

not hitherto applied to this interesting sulyect. The novelty

and value of our methods consist in their being very much more

accurate than any previously employed. Instead of depending

on public meteorological reports for the computation of accu-

mulated temperatures, we have employed the recording thermo-

graph. This instrument makes a complete and continuous

record, showing exactly the quantities of heat to which it has

been exposed.

Greater accuracy was secured, secondly, by placing the ther-

mograph in close proximity to the plants under observation.

The temperatures recorded are therefore the exact temperatures

to which the plants were subjected. When it is understood

that previous investigators have been forced in many cases to

accept meteorological records taken many miles from the plants

under observation, it will be seen that this feature of our work

constitutes a considerable improvement.

In the third place, much greater accuracy was secured in

methods of computing sum temperatures. Having a perfect

record from the thermograph, there remained only the problem

of securing an exact measurement of the heat quantities thereon

represented. This problem was solved by the use of the pla-

nimeter. The thermograph record appears in the form of an

irregular line having a generally horizontal direction. If the

height of this line, representing degrees of temperature, be

measured from some l)ase line (as, e.g., the zero of the ther-

mometer) , we may readily construct a figure which offers an

exact geometrical representation of the c|uantity of heat which

we seek to measure. Such figures are shown in Fig. 1. Hori-

zontal distances represent degrees of heat ; so that the product

of length l)y height, giving the area of the figure, gives also the

quantity of accumulated heat.
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In our work we have used a Coradi rolling sphere planmietcr,

which 18 one of the most reliable and accurate styles of planim-

eter in the market.

In seeking to apply the method here outlined to the actual

determination of specific physiological constants, the first requi-

site was a plant which would pass through its various stages

rapidly, so that a number of observations could be made in a

comparatively short time ; the phase in question must be one

easily reproduced, and several individuals of the same age

should be under observation at the same time, in order that the

length of time required for the completion of the phase may be

noted for a greater number. The oemiination stage of common
curled cress was chosen for observation, as it seemed to satisfy

the required conditions. Germination is rapid at ordinary tem-

peratures, and is very uniform, and the phase can be studied

at all seasons of the year, out of doors or in the greenhouse.

During the past few months 77 thermograph records have

been obtained of this phase, and tabulated for stud}'. In these

records the sum temperatures above 32° have varied from 2,714

to 4,28(3, and the time occupied for the completion of the stage

from 70 to 210 hours. The problem now, with these figures

before us, is to determine at once two unknown quantities :

first, the critical temperature ; and second, the constant quan-

tity of heat above that temperature required to complete the

germination phase in the cress plant.

The method of making this computation will be readily

M

f

A

B

C

Fig. 2.

K

understood from the diagram (Fig. 2). The figure M repre-

sents one thermograph record for one experiment, and the figure

N another record for another experiment. The lines c f and

C F represent the 32° or base line. The irregular lines a d

and A D represent the temperature trace. The lines b e and

B E represent the critical temperature. Temperatures below
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b e and B E are assumed to have no effect on the germination

of the cress seeds. It is required first to determine the height

of 1) e above c f, which lieiglit is assumed to be the same as the

height of B E above C F.

According to our assumptions, the area of tlie figure abed
is equal to the area of the figiu-e ABED. If we let the height

b c = B C = 33 ; and if Ave let the elapsed time in hours for

figure M represented b}'" c f = y ; and let the elapsed time in

hours for figure N be represented by C F =: ?/' ; then allowing

m to represent the total sum temperature for the figure M =
(a c f d), and n to represent the total sum temperature above

zero recorded in the figure N (A C F D), we may form the fol-

lowing algebraic equation :
—

in— yx = n— y'x

m,— n
y—y'

As the quantities m, n, y and ?/ are all directly measurable

on any two thermograph records thus compared, x may be easily

computed in concrete numbers.

Some difiiculty arises in the use of this formula for deter-

mining the value of .x% as when any single thermograph record

is compared successively with several others taken at • ran-

dom, decidedly irregular results follow. Values for x can be

found varying all the way from — 1° to -f- 60°
; and though

the majority of values lie between 5° and 10°, there is still too

great variation to make the result satisfactory. This compara-

tively great variation is due, however, not to any essential

inaccuracy in the method, but the smallness of the numbers

employed.

In order to get rid of the relatively great variations shown

in individual comparisons and to find a reliable average for the

whole ))od3^ of records, these records were plotted as shown in

Fig. 3. Here each dot shows the result of a single experiment,

referred to a horizontal axis for time and to a vertical axis for

accunmlated temperature. The distribution of these dots dem-

onstrates at once the practically uniform character of the results.
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It is now an easy matter to draw the line A B, forming the axis

along which these dots cluster, and which may be assumed to

be the theoretical locus of them all.

Having now this average of values shown in the line A B,

we may take any time values, as 100 hours and 150 hours, and

jBnd immediately the corresponding sum temperatiu-es,— 3,140

SJ-S
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fairh^ constant results are secured, according to our expecta-

tions. Tlie records at the extreme ends of tlie scale, especially at

the upper end, deviate considerably from the average, but this

was to have been expected, and for present purposes these rec-

ords may fairly be excluded. It seems proper further to throw

out three or four other records Avhich on account of excessive

deviation are open to suspicion. With these apparentl}^ abnor-

mal records temporarilj^ eliminated (they are to be studied

further in additional experiments), we secure results which

are rather remarkably uniform. Thus, the constant sum tem-

perature being computed to be 2,530 degree-hours, the extreme

deviation is less than 100, and the standard deviation is only

3(3.6°. The probable error is only 24. 7°.^

Thus, the temperature being known, and lying within reason-

able limits, the germination period of cress can be computed in

advance within a range of approximately two hours.

The tabulated records used in these computations are ap-

pended to this report.

A few abnormal records have been reserved for fm'ther study,

and there have arisen one or two intricate questions relating to

the whole theory of the physiological constant which must be

investigated further ; but as the figures stand they seem to

represent a considerable advance in this interesting field.

Tabulation of Tliermograph Records.

Elapsed Time (in Hours) for Germination
Phase of Cress.

atcumulated temperature, in
Degree-hours.

Above 38.2°.

87,

90,

97,

97,

98,

99,

100,

102,

103,

'2,.".1C

2,590

2,533

2,.562

2,518

2,.i72

2,.")07

2,.589

2,535

1 "Standard deviation" is the geometric mean of deviations. " Proljable error" is de-

fined as tliat (l('i)arturc from tlie mean, on eitlier side, wilbiu wbich exactly oue-lialf tlie

variates arc found.
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Tdhvlatkiii of Thcnnnr/rriph Records— Continued.

Elapsed Time (in Hours) for Germination
Phase op Cress.

Accumulated Temperature, in
Degree-hours.

Above 32°.
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Tabulation of Thertnograph Records— Concluded.

Elapsed Time (in Hours) for Germination
Phase of Cress.

Accumulated Temperature, in
Degree-hours.

Above 38.2°.

140,

141,

141,

142,

142,

143,

144,

144,

145,

14,5,

146,

147,

161,

2,583

2,476

2,498

2,548

2,501

2,.i45

2,.524

2,491

2,538

2,.508

2,520

2,511

2,538

Constant sum temperature,

Standard deviation.

Probable error,

2,530 degree-hours.

36.6°

24.7°
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EEPORT OF THE CHEMIST.

DEPARTMENT OF PLANT AND ANIMAL CHEMISTRY.

JOSEPH H. LINDSEY.

Research division : E. B. Holland and R. D. MAcLAURm.
Fertilizer division: 1*1. D. IIaskins, E. T. Ladd,^ W. E. Dickinson.^

Feed and dairy division : P. II. Smith and L. S. Walker.
Insi^ection of fertilizers, feeds and Babcock machines : W. K. Hepburn.
In charge of feeding experiments : R. F. Gaskill.

Clerk and stenographer : Harriet M. Cobb.

Part I.— The Woinc of the Year briefly outlined.

1. Correspondence.

2. Numerical summary of laboratory work.

3. Execution of the fertilizer law.

4. Miscellaneous fertilizers, soils and by-products for free

analysis.

5. Execution of the feed law.

G. Milk, cream and feeds sent for free examination.

7. Execution of the dairy law.

8. Sanitaiy analysis of drinking water.

9. The testing of pure-bred cows.

10. Sjjecial chemical work.

11. Work completed.

12. Work in progress.

Part II.— Dairy and Chemical Studies.

1. The chemical composition of milk.

2. The effect of food on the composition of milk and butter

fat, and on the consistency or body of butter.

3. Standard for Bal^cock glassware.

Resigned Jan. 1, 1908. » Resigned Dec. 1, 1907.
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Paiit I. — The Year's Work briefly outlined.

J. B. LINDSEY.

On July 1, the division of foods and feeding and tlie ferti-

lizer division Avere united, and termed the department of plant

and animal chemistry.

A new division was created, to be known as the research

division. This latter division will devote itself to the study

of problems in animal nutrition and investigations in plant and

animal chemistry.

The fertilizer division takes charge of the annual inspection

of commercial fertilizers, examines samples of fertilizers, ref-

use manurial sul)stances and soils sent to the station, and will

devote the remainder of its time to other problems either of a

control or research nature.

The feed and dairy division has charge of the execution of

the feed and dairy laws, examines samples of water, supervises

the testing of pure-bred cows, analyzes samples of feed stuffs

and dairy products coimected with experiments in progress at

the station as well as those sent in for examination.

A brief outline of the work follows, and includes that of the

two separate divisions previous to the reorganization,

1. Correspondence.

The enactment of an amendment to the fertilizer law, re-

(|uiring the i)ublication of station valuations, the local dealer's

retail cash price and the percentage difference between the two,

has noticeably increased the correspondence during the past

3'ear. In addition to the above, a large number of letters has

been received and answered relative to problems connected

with fertilizers, feed stuffs and dairying. Numerous analyses

of fertilizers, feed stuffs, dairy pryducts and water have been
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reported directly to the manufacturers, local agents and pri-

vate persons. The estimated mmiber of letters of all kinds

sent out from Dec. 15, 1906, to Dec. 1, 1907, — eleven and

one-half months,— approximated 5,395.

2. Numerical Summary of Laboratory Work.

From Dec. 15, 1906, to Dec. 1, 1907, there have been re-

ceived and examined 99 samples of water, 529 of milk, 1,732

of cream, 135 of feed stutls, 176 of fertilizers and fertilizer

materials, 48 soils and 21 miscellaneous. In connection with

experiments made by this and other departments of the station

,

there have been examined 338 samples of milk, 40 samples of

cream, 52 samples of butter, Q8 samples of l>utter oil. 111

samples of cattle feeds, 336 samples of agricultural plants, 31

samples of soils and 32 samples of fertilizers. There have also

been collected and examined 841 samples of cattle feeds in ac-

cordance with the requirements of the feed law, and 513 samples

of fertilizer in accordance with the fertilizer law. The total for

the year has been 5,102.

In addition to the above, twenty-one candidates have been

examined and given certificates to operate Babcock machines,

and 3,082 pieces of Babcock glassware have been tested for

accuracy of graduation, of which 204, or 6.62 per cent., were

inaccurate.

3, Execution of the Fertilizer Law (Acts of 189(5,

Chapter 297, and 1907, Chapter 289).

Since July 1, Mr. II. D. Ilaskins has assumed charge of this

work, and has carried it forward with energy and perseverance.

Mr. Haskins submits the following report :
—

A new fertilizer act, passed by the State Legislature and

api)roved April 11, 1907, reads :
—

Be it enacted, etc., as folloivs

:

Section 1. The bulletins or other publications of the Massachusetts

agricultural experiment station containing information about fertilizers

shall, in all cases, state the dealers' cash price per ton for such fertilizers,

the value j^er ton of the ingredients of the same, and the percentage of

difference between the said price and the said value.

Section 2. This act shall take effect upon its passage.
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. In c()m[)li!ince Avith tlie above act, the necessary data have

been collected, and fertilizer Bulletin No. 119 gives, in detail,

the required information as well as the method employed in

obtaining the same.

During the season 513 samples, representing 358 distinct

brands, have been analyzed and the results have been pul)lished.

(See Bulletin No. 119, December, 1907.) Forty-five more

licensed brands were analyzed than during the previous year.

Seventy-seven manufacturers, importers and dealers have secured

licenses for 317 distinct brands of fertilizer during 1907.

Samples were taken in about 80 different towns and cities in

the State. Of the 358 brands analyzed, 275 were complete

fertilizers; 38 were materials furnishing nitrogen and phos-

phoric acid, such as ground Ijone, tankage and dry ground fish
;

14 were potash compounds ; 9 were phosphoric acid com-

pounds ; 15 were compounds furnishing nitrogen; and 7 were

compounds furnishing potash and phosphoric acid.

Trade Vcdues of FcrliliziiKj Inyrcdicntsfur 1907.

Nitrogen :
— Cents per Pound.

In iiinnionia salts,........ 17V2

In nitrates, ......... 18V^

Organic in dry and fine-ground fisli, meat, blood, and in

liigh-grade mixed fertilizers, ..... 2OV2

Organic nitrogen in fine bone and tankage, . . .
20l^

Organic nitrogen in coarse bone and tankage, . . 15

Phosphoric acid :
—

SoluVde in water, ........ 5

Soluble in ammonium citrate (reverted), . . . A^/2

In line bone and tankage, ...... 4

In coarse bone and tankage, ...... 3

In cotton-seed meal, linseed meal, castor pomace and

wood ashes, ........ 4

Insoluble (in neutral citrate of ammonia in mixed fer-

tilizers), ......... 2

Potash :
—

As sulfate, free from chloride, ..... 5

As muriate (chloride), ....... 41/4

As carbonate, ........ 8

The above prices were made up fiom (juotations o1)tained for

the six months preceding March 1, 1907, and actually show the

})rice at which the various ingredients were retailed in markets
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at centers of distribution in New England, New York and New
Jersey.

The average comparative commercial value of the 275 brajids

of complete fertilizer analyzed was $24.19, the average retail

cash price $35.40 and the percentage of difference 44.85.

Of the 275 brands, 113, or a))out 41 per cent., failed to meet

the manufacturers' guaranty in some one or more of the essen-

tial elements ; many of these deficiencies were made up by an

excess of some one or more of the other essential ingredients.

Twenty-one of the samples of complete fertilizers, however,

showed a commercial shortage ranging from 79 cents to $13.50

per ton.

Eighty-six brands were deficient in one, 23 in two and 4 in

all three of the essential elements of plant food. Seventy were

deficient in nitrogen, 43 in potash and 28 in phosphoric acid.

Amonof the 38 brands of o'round bone, tankao:e and dry ground

fish, 16 tailed to meet the guaranty in nitrogen and 4 in phos-

phoric acid ; only a few of these Ijrands, however, show a com-

mercial shortage. The average retail cash prices, valuations

and percentages of difference of the ground bones, dissolved

bones, tankages and dry ground fish were as follows :
—

Retail Cash
Price.

Valuation.
Percentage
Difference.

Ground bone, .

Dissolved bone,

Tankage,

Dry ground fish,

$•29 46

25 50

21 67

39 00

$27 45

25 03

29 93

39 89

7.32

1.88

27.601

2.23 1

1 Valuation in excess of selling price.

In case of chemicals and other raw materials, it may be said

that 2 samples of nitrate of soda, one sample of dried blood and

5 samples of cotton-seed meal failed to meet the nitrogen

guaranty. Two samples of muriate of potash and one sample

of carbonate of potash did not meet the potash guaranty. One
sample of superphosphate, 1 sample of dissolved bone black and

2 samples of dissolved phosphates and potash fell below the

phosphoric acid guaranty.
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Cost of One Pound of Nitrogen,
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Table I.

Manufacturer.

W. H. Abbott,

Americ-an Agricultural Chemical
Company.

Armour Fertilizer Works,

.

Beach Soap Company,

Berkshire Fertilizer Company, .

Bonora Chemical Company,

Bowker Fertilizer Company,

J. Breck & Son

Buffalo Fertilizer Company,

Coe-Mortimer Company, .

Eastern Chemical Company,

Eureka Liquid Fertilizer Company

K. & J. Farquhar & Co., .

Fertilizer Products Company, .

C. W. Hastings, ....
Lister's Agricultural Chemical Work

Mapes Formula & Peruvian Guano
Company.

Mitchell Fertilizer Company, .

National Fertilizer Company, .

New England Fertilizer Company,

Olds & Whipple,....
Parmenter & Polsey, .

R. T. Prentiss, ....
Benjamin Randall,

W. W. Rawsou & Co.,

Rogers & IIubl)ard, .

Rogers Manufacturing Company,

Eoss Brothers

N. Roy & Son

Russia Cement Company, .

Sanderson Fertilizer Company,

M. L. Shoemaker,

Smith Agricultural Chemical Com-
pany.

Sterling Chemical Company,
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Table I— Concluded.
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Table II — Concluded.

MANUFACTnEER.

•a

a
CS

a a

o a;

k, o 3
s a 3

gScs

0) X>-

^
S == 2

2 *

O °

t- « c4

HO

National Fertilizer Company, .

OUis & Whipple,

Parmenter & Polsey Fertilizer Company,

W. W. Rawson & Co.

Rogers & Hubbard Company, .

Rogers Manufacturing Company,

Russia Cement Company, ....
Sanderson Fertilizer and Chemical Company,

Sjjringfleld Rendering Company,

Swift's Lowell Fertilizer Company, .

T. L. Stetson,

A. L. Warren

Whitman & Pratt Rendering Company, .

Wilcox Fertilizer Works, ....
Sanford Winter & Son

J. M. Woodard & Bro

4. Miscellaneous Fertilizers, Soils and By-products for

Free Analysis.

During the past season 208 samples of fertilizer and refuse

by-products used for fertilizing purposes, 79 soils and 25

miscellaneous substances have been fowarded for analysis by

farmers and others interested in agriculture. The greater part

of these samples have been taken according to printed instruc-

tions forwarded from this office. It is the usual custom, when

application is made for free analysis, to send the applicant the

necessary directions for taking an average sample. This is of

the utmost importance, for unless an average sample is fur-

nished, a representative analysis cannot be obtained. As a

general thing, these samples are analyzed in the order of their

arrival. During the season of the inspection of commercial

fertilizers we are not able at all times to promptly attend to

the. requests for the analysis of this class of materials. Samples
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are, however, tested as promptly as possible, and reported

together with whatever information has been asked for by the

applicant. Samples received during the fall and winter months

can be examined more quickl}^, and will ordinaril}^ be reported

in a few daj^s after they are received.

5. Execution of the Feed Law (Acts of 1903, Chapter

122).

Since July 1, ]\Ir. P. H. Smith has been charged with

carrying out the provisions of this act, and has proved his

ability to handle the work to the complete satisfaction of the

writer. At the beginning of the year 1907 the inspector made
a complete canvass of the State, and collected 477 samples, all

of which Avere examined during the winter and early spring

months. It was not possil)le to publish the results in bulletin

form, but the analyses of those falling substantially below the

guaranty, or in which any inferior condition was noted, were

reported to the manufacturer, with such comments and sug-

gestions as the circumstances seemed to warrant.

The chief result of the inspection was the discovery of

numerous lots of inferior cotton-seed meal. Because of heavy

rainfalls in the autumn of 1900, large quantities of cotton-seed

were consideralily damaged, and as a result much of the meal

was seriously ofi' grade in color, texture and chemical com-

position. Of the 75 samples examined, (55 were guarantied

to contain 41 or more per cent, protein ; and of this number

75 per cent, fell below the guaranty, some very much more so

than others. Those samples put out by Kaiser & Brown,

Memphis, Tenn., bore a 41 per cent, guaranty and tested 20

to 21.50 per cent, of protein, and were unquestionably fraudu-

lent. Of the 18 lots of Star Brand put out by the J. Lindsey

Wells Company, Memjjhis, Tenn., only 3 met their guaranties
;

8 fell nearly 5 per cent, of protein ))elow the minimum, and 7

showed a deficit of 5 to 7 per cent.

While it was naturally beyond the power of man to control

the weather conditions, it is believed that many southern

brokers were decidedly lax in their method of dealing, and

attached a 41 per cent. })rotein guaranty to whatever meal

they shipped, without any particular regard to its (juality.
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The writer is also convinced that certain northern jobbers soon

discovered that the meal they were receiving was inferior to

the guarantied representations. They proposed, however,

to take their chances, and, in case they were found out, plead

ignorance and bad weatlier ; and, if al)soIutely necessary, settle

with the local dealer with the least loss to themselves. The
station, by all means in its power, endeavored to keep both

the dealer and consumer informed regardinof the true condi-

tions. A special circular of 8 pages was prepared and sent to

every important feed dealer in the State. All samples of meal

received from local dealers and private parties were examined

and the results reported within two or three days.

Beginning in late August, 1907, the inspector canvassed the

State, and completed his work al)out the middle of October,

collecting 364 samples, all of which have been examined chem-

ically and many also submitted to a microscopic analysis. Con-

centrated feeds have ruled exceptionally high in price, and

many dealers were carrying very limited stocks, some of the

ordinary brands being temporarily out of the market. Com-
paratively few violations of the law were noted, and these were

mostly of a technical character. The results of the autunm in-

spection are now in press (December, 1907), and will appear

in buHetin form.

Only one new feed was found during the present autumn.

It is known as flax feed, and is composed substantially of one-

third small and imperfectly developed flax seed and two-thirds

of a variety of ground weed seeds. It has an extremely bitter

taste. It has l)een fed to several cows in the station herd, and

no objectionable taint was noted in the milk. The cows ate it

rather grudgingly when fed by itself, but consumed it readily

when mixed with other grains. The i)rice asked— $26 a ton—
is considered high.

6. Milk, Cream and Feeds sent for Free Examination.

Many dairymen frequently send samples of milk and cream

to be tested for total solids and fat, in order to ascertain the

quality of the product yielded by the cows composing their

herds. The State and local boards of health, as well as the

large milk contractors, keep a watchful eye over the composi-
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tion and condition of the milk supply of the State, and many

producers frequently receive warning that their product is de-

ficient in one or more particulars. This induces them to send

samples to the station for examination and to ask for advice.

The milk is examined promptly, and the results, together with

the necessary comments, are forwarded without dela3^ The

station is always ready, to the full extent of its resources, to

lend a helping hand to such as ask. One creamery sends all

of its samples to the station to be tested for butter fat, and two

others send a number of samples every two weeks. A charge

is made in such cases, to cover the necessary expense.

Samples of feeds are constantly received from farmers, local

dealers and jobbers, who wish to ascertain not only if the

materials sent are as represented, but also regarding their par-

ticular feeding value. In most cases a partial chemical or

microscopic analj^sis only is necessary to enable one to furnish

the desired information. There is a constant tendency on the

part of some jobbers to use the station in place of private

chemists. It nmst be distinctly understood that, while it is the

aim of the station to furnish all parties with whatever special

information its equipment makes possible, its lal)oratory can-

not be continually at the call of those engaged in private busi-

ness operations.

7. Execution of the Dairy Law (Acts of 1901, Chap-

ter 202).

This law requires the station (r/) to test, for accuracy of

graduation, all glassware used in connection with the Bal)Cock

test or any other test in determining the value of milk and

cream
;

[b) to examine for competency all parties operating

such tests ; and (c) to inspect yearly all machines thus used.

The station is given authority to collect, from the parties for

whom the w^ork is done, sufficient money to cover the actual

expense involved.

It is believed that the law could be improved by the addition

of an amendment providing a small yearl}^ appropriation

(1400), to enable the station to make semiannual inspections

of machines and operators, and by giving it authority to remove

all o[)crat()rs who employed dirty glassware and who were not
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conscientiously performing tlieir duties. The result of the

year's work may be sunmiarized as follows :
—

(«) Testing of Glassware. — Each piece of glassware found

to be correct has the words "Mass. Ex. Sta." etched on.

There were examined 3,082 pieces, of which 204, or 6.62 per

cent., were condemned.

[h) Examination of Candidates.— Twenty-one candidates

were examined during the year 1907. Most of those present-

ing themselves for examination had a fair understanding of the

process, although it was freqnently necessary to refuse certifi-

cates, insist on further preparation and a second examination.

It is believed that the station would 1)e false to its trust if it

allowed candidates to pass who did not have a satisfactory

theoretical and practical understanding of the method of pro-

cedure.

(c) Inspection of Bahcock Machines. — The annual inspec-

tion of Babcock machines was made in November of 1907. Of
the 36 places visited, 22 were creameries, 11 milk depots, 2

city milk inspectors and 1 a chemical laboratory. Sixteen of

the creameries were co-operative and 5 were proprietary or

managed by stock companies. The 11 milk depots in opera-

tion were in every case proprietary.

Thirty-seven machines were inspected, of Avhich 2 were con-

demned and 1 was found needing additional heat. The machines

in use are 14 Facile, 9 Agos, 6 Wizard, 5 Electrical and 2

Stoddard.

The glassware as a whole was clean, but a few still use very

dirty bottles and 3 were found using untested glassware. Fol-

lowing is a list of creameries and milk depots now in operation

that pay by the Babcock test :
—

Creameries.

Location.
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1 . Creameries— Concliuled.

Location
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and because of the increase of other important lines of work,

a charge of $3 a sam})le has been made. Special jars are fur-

nislied, together witli full instructions for coUectiiiii; and for-

warding the samples. An analysis of water sent in shipper's

jar will not be made, neither will l)actcriological nor mineral

analyses be undertaken. A sanitary analysis is made to deter-

mine whether the water is contaminated with bad drainage

from privy vaults, barns or sinks. A mineral analysis is usu-

ally undertaken to ascertain the amount of the several mineral

ingredients contained in the water, and thus to gain information

relative to its supposed medicinal properties. Parties wishing

such information are referred to private chemists.

The water examined the past year was of the usual quality.

It was derived largely from springs and wells which had fre-

(juently become polluted from the ordinary sources. After

the soil once becomes contaminated, it reiiuires considerable

time to purify itself, and the water is likely to l)e rendered

unfit for use for a numl)er of years. Too great care cannot be

exercised by parties depending for their supply upon wells

and springs located close to dwelling houses, barns? or other

buildings. Samples are sometimes found contaminated with

lead. It is strongly advised that all lead l>ipc be removed and

replaced with iron coated with asphaltum or with galvanized-

iron pipe. Lead is a poison, and if it once enters the system

it is very diiScult to eradicate it.

9. The Testing of Puhe-bred Cows.

This department continues its work in testing pure-bred cows

under the rules and regulations of the Jersey, Guernsey, Hol-

stein-Friesian and Ayrshire breeders' associations. The work

for Jersey and Guernsey breeders is confined almost exclusively

to consecutive monthly tests for the purpose of securing yearly

records. Sixty-three cows are now in the test, which re(]uires

the services of one man nearly the entire month. Ilolstein

breeders require, as a rule, seven-day tests, although in some

cases the time limit is set at fourteen and thirty days, and in

occasional instances ninety days, should the animals under test

be making phenomenal records. At times between the months

of December and May four or five men are thus employed.
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Only one A3a'sliire breeder (G. E. Stone of Littleton) is at

present making a yearly test of his herd.

The station has issued a special circular, giving breeders full

information relative to the making of such tests ; the circular

also states the rules and regulations governing the same. All

records, after being verified and sworn to, are forwarded to the

several cattle clubs and a duplicate copy kept on file at this

office. There have been completed during the year 5 Guern-

sey and 30 Jersey yearly records and 70 Holstein records (53

of which were of seven days' duration, 10 for fourteen days and

7 in excess of fourteen days).

It hardly seems that it is the proper function of the experi-

ment station to do work of this kind, but it will continue to

give such matters attention until other fiicilities are provided

for the accommodation of breeders.

10. Special Chemical Work.

The station has co-operated with the association of official

agricultural chemists in studying the accuracy of methods for

the determination of nitrogen and in ascertaining the most suit-

able methods to be used in the analysis of condensed milk.

These results were reported to several referees of the association.

Mention may also be made of a study to ascertain the best

methods to be employed in determining water and the several

susrars in molasses, also of a determination of the fat constants

of soy bean oil. These investigations will be published as a

})art of this report or elsewhere.

11. Work Completed.

Molasses and Molasses Feeds.

The station has made a study of the value of molasses and

molasses feeds for dairy cattle, horses and swine, and has pub-

lished its findings, together with the most important results

secured by German and French investigators, in Bulletin No.

118, which is now ready for distribution.

Tlie value of molasses was discussed under the following

headings : composition, effect of molasses on digestibility of

other feed studs, digestion coefficients for molasses, relative

values of molasses and corn meal, and the uses of molasses as
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a component of the daily rations for the several important

kinds of farm animals. The conclusions may be summarized

briefly as follows :
—

For Dairy Cattle. — No particular advantage is to be gained

under ordinary conditions by the northern farmers, from the

use of molasses as a food in place of corn meal and similar car-

bohydrates. As an appetizer for cows out of condition, to

induce a temporary maximum food consumption and for fa-

cilitating the disposal of unpalatable and inferior roughage and

grain, two to three pounds daily of molasses undoubtedly

would prove helpful and economical.

For fattening Cattle. — Some three pounds daily may be fed

advantageously, especially during the finishing process, w^hen

the appetite is likely to prove fickle. The object at such times

should be to make the food especially palatable, and thus in-

duce a maximum consumption and also to secure a bright,

sleek appearance.

For Horses.— In spite of the many reports favorable to the

use of molasses for horses, the writer is not inclined to recom-

mend to northern farmers its indiscriminate use in place of the

cereals and their by-products. As an appetizer and tonic for

horses out of condition, as a colic preventive and for improv-

ing the palatability of rations, two to three pounds daily of

molasses would undoubtedly prove productive of satisfactory

results.

For Pigs.— These animals will consume reasonably large

quantities of cane molasses daily without ill effects (one pound

per one hundred pounds live weight). Small amounts (two

to three ounces daily) must be given at first and gradually in-

creased. Molasses must be fed with foods reasonably rich in

protein. If skim milk is not available, a combination by weight

of tAvo parts bran, one part gluten feed, one part corn meal

and one part molasses, or one part tankage, four parts corn

meal and one part molasses, ought to prove satisfactory. It

is believed that no particular advantage is to be gained by

employing molasses for pig feeding other than an appetizer.

The residuum molasses from Porto Kico (blackstrap) is

brouo-ht in tank steamers and oftercd in Boston at 14 cents a

gallon of 12 pounds in barrel lots. It contains about 1,100
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pounds of digestible organic matter in one ton, and as a food

has about 75 per cent, of the value of corn meal. The partic-

ularly favorable efiect of molasses as an appetizer, etc., natur-

ally is not included in the above estimate of its worth ; neither

does its lack of protein as compared with corn meal nor the

extra cost and bother of handling enter into the calculation.

Tlie value of molasses feeds was summarized under composi-

tion, digestibility, for milk production and as compared with

home-mixed grain rations.

It was shown that these feeds were composed of oat and bar-

ley residues, partly ground grain screenings and malt sprouts

in many cases, one-fourth to one-third molasses, and sufficient

gluten feed and cotton-seed meal to supply the protein guar-

antied.

The total dio-estible orsranic nutrients contained in molasses

feeds are in excess of those contained in wheat bran, but no-

ticeably below those contained in flour middlings and gluten

feed. The amount of protein contained in bran, middlings and

gluten feed is decidedly greater than in the average of the

several molasses feeds. The latter class of feeds may be said

to be only moderately digestible.

No advantage is to be gained from feeding molasses feeds in

place of home mixtures of standard concentrates. Digestible

protein in the former feeds is decidedly more expensive, and

digesti])le matter can generally be purchased for less money in

the home mixtures.

The fact that many of the prepared molasses feeds contain

considerable quantities of unground weed seeds is a decided

argument against their use. Weed seeds pass through the

animal undigested, and are distributed with the manure and

greatly increase the cost of subsequent cultivation.

The Digestibility of Proprietary Cattle Feeds.

A considerable number of mixtures of various by-products

are oflTered as ready rations for dairy stock. Among these may
be mentioned Buflfalo creamery feed, Chapin's alfalfa meal.

Biles union grains, H. O. and (Quaker dairy feeds, Protena,

Schumacher's stock feed, Sucrene, Green Diamond and IIol-

stein sugar feeds. In addition to an analysis, the degree of
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digestihU'ity is quite necessary in order to form an accurate

opinion of the true nutritive value of a feed stuff. The station

has tested the digestibihty of all of the above-mentioned feeds,

and intends publishing the detailed results.

The requirements of any ready ration, either mixed at home

from standard l:)y-products, or purchased in the form of a pro-

prietary mixture, may l)e briefly stated as follows :
—

1. It should be bulky, palatable, and free from mold and

rancidity.

2. It should contain at least 16 pounds of digestible protein

in 100.

3. It should contain substantially 70 pounds of digestible

organic nutrients in 100, and not over 9 per cent, of total

fiber.

The results of our observations and digestion studies have

shown that only one proprietary feed— Biles union grains—
substantially conformed to the above requirements. This feed

contained 17.8 pounds of digestible protein, 66.7 pounds of

digestible organic matter and 9.6 pounds of total fiber in 100

pounds. The other feeds showed from 7.5 to 16.1 pounds of

digestible protein, from 52 to lo^ pounds of digestible organic

matter and from 10 to 18 pounds of total fiber in 100. Most

of the above feeds are quite expensive as sources of digestible

protein, and furnish digestible organic matter at a higher cost

than it can be had in the ordinary standard by-products.

TJie Effect of Son Beans minus the Oil, and of Soy Bean Oil

on the Com])OSition of Milk and Butter Fat, and on the

Consistency or Body of Butter.

An experiment was in progress during the winter of 1906-07

to study the physiological efiect of this legume upon milk and

butter. The experiment is one of a series planned to ascertain

the feeding effect of the various groups of substances— protein,

carbohydrates and fat— upon milk secretion in general. The

beans were shipped to a western oil mill to secure the removal

of the oil, the percentage being reduced from 16 to 8. It was

hoped that after the extraction the residue would not show

over 3 per cent., but this result was not secured. It is in-

tended to publish and discuss the experiment in detail at a
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future time. The most important results only arc now men-

tioned :
—

1. Soy bean meal, after the extraction of oil, had no effect

in changing the relative proportions of the several milk ingre-

dients, did not noticeably modify the chemical composition of

the butter fat, and exerted no marked influence on the bodv of

the butter.

2. Soy bean oil temporarily increased the percentage of fat

in the milk, modified the composition of the butter fat by de-

creasing the saponification number, the percentage of soluble

fatty acids and the percentage of volatile fatty acids ; it in-

creased the iodine numlier from 32 to 40, and hence the olein

percentage, but did not change the melting point of the fat.

The oil likewise produced a softer, more 3'ielding butter, that

would not stand up well at 70° F. and above.

12. Work in Progress.

Studies in Milk Secretion.

Two grade Ilolstein cows are being fed a continuous hay

diet during an entire lactation period ; two similar cows a hay

and moderate grain diet during an entire period of lactation ;

two Jersey cows— a high grade and a pure bred— are also

receiving a hay and moderate grain diet during a period of

lactation.

The objects sought arc : (a) the variations in the chemical

composition of the milk and milk fat; {h) the milk fat con-

stants ;
(c) the comparative composition of the milk fat from

Ilolstein and Jersey cows under similar conditions of feed and

care. It is also intended to observe, so far as possible, the gen-

eral character of the butter resulting from the hay and from the

hay and grain diet. This work will continue until the autumn

of 1907.

Studies in Soil Analysis.

Samples of soils from Field A, which is divided into eleven

difTercnt plots, and which has been under continuous treatment

since 1889, are being submitted to a careful examination, to

ascertain the chemical variations in the soil resulting from dif-

ferent methods of fertilization. The results thus far secured
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show very slight differences in the amount of the several con-

stituents present. This work is a part of an experiment under

the management of the agricultural department of the station.

Effect of Molasses on Difjestihility.

It is a well-known fact that the addition of considerable

quantities of starch, sugar and similar substances causes a dis-

tinct depression in the digestibility of the substances with which

they are fed. By digestion depression is meant the checking

of the di2:estion and an assimilation of the other substances. A
number of experiments have been made and others are still in

progress to study the influence of Porto Rico molasses on the

diofestibihty of the other inm-edients of diff"erent rations. The

results thus far secured may be stated briefly :
—

1. When molasses fed together with hay constituted from

10 to 15 per cent, of the total dry matter of the ration, little

if any depression was noted.

2. With molasses composing some 20 per cent, of the dry

matter of the hay ration, a depression of 4.5 per cent, was

noted in the digestibility of the hay, the digestibility of the dry

matter of the latter being 58 per cent, without the molasses,

and 55.4 per cent, with the molasses.

3. Molasses and hay would not make a satisfactory comljina-

tion for any kind of farm stock. A more suitable ration would

consist of hay, together with one or more protein concentrates

and molasses. Consequently, the efi^ect of the molasses was

tested upon a combination of hay and gluten feed. The results

of six single trials, in which molasses composed from 17 to 24

per cent, of the dry matter of the ration (average 20 per cent.),

show that the dry matter of the combination of hay and gluten

without molasses was 72.3 per cent, digestible and 66.5 per

cent, digestible when fed with the molasses, hence the molasses

caused a depression of 8 per cent, in the digestibility of the

hay and gluten.

Early Amber Sorghum.

This plant has again proved its usefulness as a forage crop.

Observations have been continued relative to the quantity of

seed to be sown broadcast to the acre. Last season as satis-

factory results were secured from 60 pounds as from 100
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pounds of seed to the acre. The present season three 20-acre

plots were each fertilized alike as heretofore and on June 11

the seed was sown broadcast at the rate of 50, 40 and 30 pounds

to the acre. In spite of the late seeding and dry August, the

crop grew fairly well, and when cut, September 12, was just

beginning to head out. The yields, on the basis of one acre,

were as follows :
—

Seed per Acre.
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yielded at the rate of 2.35 tons to the acre. Unfortunately,

through an oversight, the weight of the second cutting (made

in early August) was not taken. The third cutting (made

September 19) stood about 2 feet high and yielded at the rate

of 1 ton to the acre. The weather was very bad during the

curing of this cutting, the hay standing in cocks under hay

caps for two weeks, being shaken out once during that time.

In spite of the bad weather condition, it was fairly well cured

and the animals ate it readily. The entire yield for the season,

on the basis of 15 per cent, water, must have been at the rate

of nearly 4i/'2 tons to the acre. In view of the results thus far

secured, the writer is inclined to advise farmers to try alfalfa

in a small way, to study its peculiarities carefully, and not to

be discouraged if success is not attained at the first trial.

Cost of Rearing Dairy Stock.

The station raises one or two dairy calves yearly to keep up

its herd which is being used for experiment purposes. An
account has been kept of the food cost involved, and, while

the data is not sufficiently complete for publication, it may be

said that from $40 to $45 represents the cost of food consumed,

when figured at market prices, until the animal reaches two

years of age. The animals have been pastured during the

summer and for the remainder of the year fed on first and

second cut hay, some silage and not over two or possibly three

pounds of grain daily. The grain ration has usually consisted

of a mixture of bran and fine middlings.
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Paet II. Dairy and Chemical Studies.

1, The Chemical CoivirosiTiON of Milk.

J. B. LINDSEY.

The larger part of milk consists of water, which contains a

variety of substances in suspension and solution. The sub-

stances largely dissolved in the water are casein and albumen,

milk sugar and the ash or mineral matter, which together form

the milk serum. ^ The fat is suspended in the milk in micro-

scopic globules, which are semisolid, and with the serum form

what is termed an emulsion.

The multitudinous analyses of milk have shown it to vary

widely in composition, depending upon the breed and individ-

uality of the cow, stage of lactation and weather conditions.

Food, as a rule, has little effect in permanently changing the

proportions of the several ingredients. Numerous authorities

state that 100 pounds of milk of average quality should contain

the following amounts of the different ingredients :
—

Water,

Fat, .

AUjuminoids

Milk sugar,

Ash, .

Casein,

Albumen,

Pounds in 100, or
Percentage.

87.00

4.00

3.00

.60

4.80

.70

100.00

The term "total solids" is meant to include all of the in-

gredients excepting water. For ordinary purposes the chem-

1 Tliat poi-tion of tlie casein wliicli fan be removed by filtration througli filter paper is

not generally included in normal serum.



1908.] PUBLIC DOCUMENT— No. 33. 105

ist determines only the total solids and fat, and obtains the

solids not fat by difference. The former two serv^e as an index

of the chemical composition of the milk.

Comijosition of Milk of Pure-bred Cows.

The following data have been tabulated from authentic

sources, in the hope that they will throw light on the composi-

tion of milk produced by distinct breeds of dairy cows :
—

(a) American Data.

1. Jerseys.

No. of

Cows.
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4. Ayrshires.

No. of

Cows.
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In addition to the above, F. W. Woll ^ gives the following :—
Summary of American Analyses for Butter Fat in Milk, of Pure-bred Cows.

Breed. Butter Fat (Per
Cent.).

Jerseys,

Guernseys, .

Holsteins, .

Ayrsliires, .

Shorthorns,

Brown Swiss,

Devous,

4.98

4.77

3.28

3.84

3.73

3.78

4..57

(6) Foreign Data.

According to Hucho^ and Koenig,^ German anthorities, the

average composition of the milk of dift'erent breeds is as

follows :
—

Breed.

IIolsteins,3

Ayrshires,

Shorthorns,

Devons,3....
Jerseys,

Guernseys,

Total Solids
(Per Cent.).

Fat
(Per Cent.).

Solids not Fat
(Per Cent.).

1-2.00

12.50

12.90

13.40

14.70

14.70

3.25

3.70

3.80

4.40

5.00

5.00

8.75

8.80

9.10

9.00

9.70

9.70

The average breed tests, conducted at the annual dairy shows

of the British Dairy Farmers Associations, 1879-98 inclusive,

have given the followino- results :
^—

Breed. Number of

Cows
Total Solids
(Per Cent.).

Fat
(Per Cent.).

Solids not Fat
(Percent.).

Jerseys,

Guernseys,

Holsteins,

Ayrshires,

Shorthorns,

Devons,

272

98

10

42

230

14.46

13.50

12.25

13.29

12.72

14..34

4.98

4.61

3.41

4.19

3.75

4.90

9.48

8.89

8.84

9.10

8.97

9.44

1 Twentieth report, p. 158.

2 Hatch Experiment Station, Bulletin No. 110, pp. 6 and 7. See also Woll's Handbook,
first edition, p. 213.

3 Koenig, Die Menschlichen Niihrungs- und Genussmittel.
4 WoU'e Handl^ook, fourth edition, 1907, p. 241.
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Composition of Mixed INIilk (largely Grade Cows, All Breeds) .

American and Foreign.

Number
Analyses.
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2. The Effect of Food uroN the Composition of Milk
AND Butter Fat, and uroN the Consistency or

Body of Butter.

J. 15. LIXDSEY.

The writer, together with a number of co-workers, from time

to time has conducted a number of long-continued experiments

relative to the effect of food and food constituents upon milk,

butter fat and butter. Work of this sort is still in progress.

The most important results thus far secured may be briefly

enumerated below. The full data of the soy bean experiment

have not Ijeen published.

(a) Effect on the Milk.

1. Different amounts oi jjrotein in the daily ration derived

from linseed, cotton-seed, soy bean and corn gluten meals, do

not seem to have any pronounced effect in changing the relative

proportions of the several milk ingredients.

2. Linseed oil in fhixseed meal, wlien fed in consicleraljle

quantities (1.40 pounds digestible oil daily), increased the fat

percentage from 5 to 5.56, and slightly decreased the nitrog-

enous matter of the milk. This fat increase was only tem-

porary, the milk gradually returning (in four or five weeks)

to its normal fat content. The nitrogenous matter also oradu-

ally returned to normal, but more slowly than did the fat.

3. Tlu'ee pounds of cotton-seed meal with minimum oil (8 per

cent.), when fed daily to each animal, had no noticeable influ-

ence on the composition of the milk.

4. The addition of l/'o to % (>f ^ pound of cotton-seed oil to

the cotton-seed meal ration appeared to increase the fat per-

centage of the milk about .4 of 1 per cent. (5 to 5.4), and this

increase was maintained during the six weeks of the feeding

period.
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5. The substitution of Unseed meal with a minimum per-

centage of oil (3 per cent.) in place of the cotton-seed meal

and cotton-seed oil resulted in a decline of the fat in the milk

to its normal percentage. This change probal)ly was due to

the removal of the cotton-seed oil from the ration, and not to

the influence of the linseed meal.

6. The addition of .6 of a pound of corn oil to a ration made

up of a mixture of grains low in fat increased the fat percent-

age of the milk .23 per cent. (5.17 to 5.40). At the end of

two weeks the eff'ect of the corn oil had disappeared, and the

milk had returned to its normal fat content.

7. The sudden removal of the corn oil from the daily ration

caused a drop of .54 per cent, in the fat (4.97 to 4.43), but

after the first week the normal fat per cent, was again present.

8. Corn oil appeared to have depressed the nitrogen per-

centage of the milk by .034 per cent. (.610 to .576), the

nitrogen gradually returned to its normal percentage after the

feedino- of the corn oil had ceased.

9. Corn meal (a carbohydrate feed) was without efi'ect on

the composition of the milk.

10. Tavo to 3 pounds of soy hean meal with a minimum oil

percentage (8 per cent.), fed daily to each animal, did not

appear to in any way modify the proportions of the several

milk constituents.

11. The addition of 1/^ to 1 pound dail}^ of soy bean oil to a

basal ration of grain and hay very slightly increased the fat

percentage in the milk during the first two or tlu-ee weeks

(.10 per cent.). No other variation was noted.

12. The sudden removal of the soy bean oil from the ration

caused a drop of .25 percent, of the fat percentage of the milk.

At the end of three weeks the milk had not regained its normal

fat percentage.

(Ij) Effect on Butter Fat.

13. Corn gluten and linseed meals with a minimum percent-

age of oil (3 per cent.) produced a normal butter fat. Cotton-

seed and soy bean meals with a minimum oil percentage (8 per

cent.) likewise effected little change in the composition of the

butter fat. Corn meal was without noticeable influence on the

composition of the butter fat.

14. Linseed oil (1.4 pounds digestible oil per head daily)
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produced a noticeal)le change in the composition of the butter

fat, causing a decrease in the volatile acids and an increase in

the melting point and olein percentage (soft fat).

15. Cotton-seed oil (.5 pound daily per head) increased the

melting point and the olein percentage of the butter fat.

16. Corn oil (.6 pound per head daily) decreased the vola-

tile fats and increased the percentage of olein ; the melting

point of the fat remained unchanged.

17. Soy bean oil (.50 to 1 pound daily per head) caused a

drop in the saponification number of some 10 points, a decrease

in the soluble fatty acids and in the volatile fatty acids (Reichart-

Meissl number), an increase in the iodine number (percentage

of olein) from 32 to 40, while little or no change was noted in

the melting point of the butter fat.

18. A rise in the iodine number (increase of olein) is a reason-

ably sure indication of a soft-bodied butter which will lack in

firmness at a temperature of 70° F. An increase in the melting

point of the butter fat is not a sure indication of a harder,

firmer butter. It seems evident that the proportions of the

several fats is more or less changed by an excess of oil in the

feed and that this change of proportions varies the melting

point in the fat in some such way as the melting point of a

mixture of metals is changed by the resulting amalgamation.

(c) Effect on Butter.

19. The eifect of linseed meal Avith a minimum perceiitage

of oil (3 per cent.) on the general character of the butter was

not positively identified.

20. Cotton-seed meal with a relatively high oil percentage

(12.6 per cent.) produced butter that was rather crumbly

when hard, and slightly salvy to the taste. Cotton-seed meal

with a mininnmi percentage of oil (8 per cent.) likewise pro-

duced a hard, firm butter.

21. Corn gluten meal with a minimum percentage of oil

(2 to 3 per cent.) produced a rather soft, yielding butter.

22. Soij bean meal with minimum oil (8 per cent.) pro-

duced butter that was rather softer and more yielding to the

touch than that derived from a grain ration composed entirely

of bran, ground corn and oats, gluten feed and cotton-seed

meal.
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23. An excess of linseed oil (1.4 pounds digestil^le oil per

head daily) produced a very soft, salvy butter, with an in-

ferior flavor.

24. The addition of cotton-seed oil (.5 pound per head

daily) to a normal ration, or to one containing 3 pounds of

cotton-seed meal low in oil, produced a softer, more yielding

butter than that produced by the ration with the oil omitted.

25. The addition of corn oil (.6 pound daily per head) to a

normal ration containing 2 pounds of corn gluten meal low in

oil produced a noticeably softer butter than when the oil was

omitted.

26. Corn meal tended to produce a reasonably hard, firm

butter, of an agreeable flavor.

27. Soybean oil (.5 to 1 pound daily per head) added to a

grain ration produced a butter that was noticeably soft and yield-

ing to the touch, and that would not stand up well at 70° F.

and above.

The experiments thus far completed enable one to draw the

foUowino; p'eneral conclusions :
—

1. Neither the jjroteid nor the carbohydrate groups, when

fed in normal amount, have any noticeable influence in chang-

ing the proportions of the several milk ingredients, nor in modi-

fying to any marked degree the character of the butter fat as

revealed l)y the ordinary chemical tests ; such changes, so far

as they are the result of food, are due to the presence of oil in

the f^ed stuflf.

2. Some protcids produce a harder, firmer butter than others,

while the tendency of starchy foods is to produce a firm-ljodied

butter. Vegetable oils in excess of the normal amount produce

a noticeably soft-bodied butter.

3. It is not considered advisable to feed large quantities of

oil to cows, it having a tendency to derange the digestive and

milk-secretino; organs.

4. The flavor of butter depends primarily on the cleanliness

of the milk, stage of lactation of the animal, skill and care of

the butter maker, and especially upon the character of the

starter employed. Normal feed stuffs nmst be considered of

secondary importance in establishing butter flavor.
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3. Standard for Babcock Glassware.

E. B. HOLLAND, M.S.

The Massachusetts Legislature, in the spring of 1901, enacted

a measure entitled '
' An Act to provide for the protection of

dairymen," 1 which took effect the first of July of that year.

This dairy law, so called, required, among other things, that

Babcock glassware should be tested for accuracy, and made it

the duty of the director of the experiment station or his agent.

^

The statute designated no standards whatsoever, leaving the

matter entirely to the discretion of the experiment station.

After visiting several stations and consulting the official having

charge of such work, a standard, methods of testing and an

allowable limit of error, conforming in general to the require-

ments of other New England States, were adopted provision-

ally and published in the fourteenth and fifteenth annual reports

of this station.^

Up to the end of the last fiscal year (Dec. 1, 1907), 18,855

pieces of glassware had been tested, of which 1,770 pieces, or

9.39 per cent., were condemned. The yearly totals recorded

below show marked variations, but with a high average per-

centage of inaccuracy.

1 Acts and Resolves of Massachusetts for 1901, chapter 202, sections 1-7, Revised Laws
of Massachusetts for 1902, chapter 56, sections 65-69.

- Sections 1, 2.

3 Hatch Experiment Station, annual reports for 1901 and 1902.
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Amount of Glassware tested.

Year. Total Number
of Pieces.

Number
Inaccurate.

Per Cent.
Inaccurate.

I90I,

190-2,

1903,

1904,

1905,

1906,

1907,

Totals,

.5,041

2,344

2,240

2,026

1,665

2,457

3,082

18,855

291

56

59

200

197

763

204

1,770

5.77

2.39

2.63

9.87

11.83

31.05

6.62

9.391

The grand totals may be further subdivided into the several

classes of glassware of which they were composed :
—

Character of Glassware tested.

Kind.
Total

Number.
Number

Inaccurate.
Per Cent.

Inaccurate.

Cream bottles, .

Milk bottles.

Skim milk bottles.

Pipettes, .

Acid measures.

Totals,

7,714

6,826

675

2,834

806

710

784

106

69

101

18,855 1,770

9.20

11.49

15.70

2.43

12.53

9.391

The manufacturers repeatedly protested against the refusal

of their glassware, and asserted that similar shipments were

passed in other States. Such might easily have been the case,

where the error was small, due to differences in method of test-

ing or in allowable limit of error, possibly both. In some

instances the condemned pieces were forwarded to another sta-

tion and retested, but even this apparently failed to satisfy the

manufacturers. It became evident that further investigation

was necessary in order to bring the matter to an uncjuestion-

able basis and to remove all reasonable grounds for com})laint.

1 Average.
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Original Standmxl.

Dr. Babcock,^ originator of the method, laid down the fol-

lowing requirements relative to the graduation of bottles :
—

The 10 per cent, of fat represented upon the necks of the bottles corre-

spond to a volume of 2 cubic centimeters.

In addition, this is stated to be equivalent hy weight to 2

grams of water or 27.18 grams of mercury (specific gravity

13.59). No mention of temperature being made, presumably

60° F. was intended. This would indicate the Mohr cubic cen-

timeter, and is supported by a statement of the Emil Greiner

Company, under date of Dec. 3, 1906 :
—

When we made the first bottles for Dr. Babcock, nearly twenty years

ago, we were simply told to graduate the space of 2 cubic centimeters into

50 parts, and each five parts representing 1 per cent, butter fat. There-

fore, 1 percent, is .2 of a cubic centimeter, and at that time the Mohr cubic

centimeter was considered the standard.

Concerning the graduation of pipettes, Dr. Bal)Cock stated :
—

It sliould contain, when filled to the mark, 17.6 cubic centimeters . . .

(and) . . . will deliver a little less than 17. .5 cubic centimeters of milk.

Capacity in Mohr cubic centimeters was evidently the intent

of the graduation.

Manufacturers^ Basis of Graduation.

The eastern trade in Babcock glassware is largely supplied

by three manufacturers, the Emil Greiner Company of New
York, Kimball Glass Company of Chicago and Wagner Glass

Works of New York. Upon request, the above firms furnished

the following data relative to their standards of graduation.

The Emil Greiner Company employed the Mohr cubic centi-

meter (1 gram of water at 15° C), and calibrated with either

water or mercury (specific gravity 13.6 at ordinary room
temperature). The Kimball Glass Company used the true

cubic centimeter, and calibrated with mercury (specific gravity

1 Wisconsin Agricultural Experiment Station, seventh (1890), ninth fl892) and tenth

(189.3) annual reports.
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13.5463 at 20° C). The Wagner Glass Works reported 1

cubic centimeter as equal to 13.59 grams of mercury at 60° F.,

which was probably the Molir cubic centimeter.

The diU'erences were not large or the errors especially serious,

but the need of a scientific standard was unmistakable, if uni-

formity was to be secured with a safe interchange of apparatus.

Onl}^ the limit of error has permitted the interchange of appa-

ratus in the past, which is a point to be noted.

Reasons for a New Standard.

With these facts at hand, it was necessary to submit the case

to some recognized authority for a decision, or at least advice

as to what action ought to be taken. This plan also seemed the

most promising for the reason that the two parties interested,

the manufacturers^ and the State oiBcials,^ neither agreed with

each other nor among themselves as to a standard or methods

of testing. The matter was finally referred to the National

Bureau of Standards at Washington, as the body best fitted to

deal with the case. Director Stratton ^ wrote as follows :
—

We are decidedly of the opinion that there would be less likelihood of

errors in milk-testing work if all volumes were expressed in true cubic

centimeters. It of course does not make any difference what unit is used,

provided the same one is used to measure the milk sample and the fat;

but if— as might easily happen— the pipettes used to measure the milk

are graduated on one basis and the neck of the flask on another basis,

serious errors might be introduced in the result.

Referring again to the question of graduating Babcock ware for testing

milk, which we have given some attention, we hope that you will see your

way clear to adopt as the unit in this work the true cubic centimeter at

20° C. This, we feel confident, will prevent confusion in the end, by

bringing the apparatus used in testing milk and other dairy products in

agreement with the volumetric apparatus used by chemists in general.

Wliile the practice of using the gram of water at a certain temperature

may have possessed some advantages in Mohr's days, we doubt very much
whether it would be any convenience to use such units as the gram of

water at 15°, 17.5° or 20° at the present time.

The use of the true cubic centimeter is necessary in all absolute work,

and it cannot under any circumstances ))e dispensed with.

1 Loco citato, s Station reports aud correspoudcuce. 3 Correspondence.
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New Standard.

The recommendation by the Bureau of the true cubic centi-

meter as the basis of graduation, because it is a well-defined unit,

universally recognized, and for uniformity in volumetric appa-

ratus, appeared worthy of acceptance. The standard or basis of

graduation was eventually drafted as follows :
—

Section 1. The unit of graduation for all Babcock glassware shall be

the true cubic centimeter (0.998S77 grams of water at 4° C).

(«) With bottles, the capacity of each per cent, on the scale shall be two

tenths (0.20) cubic centimeter.

(6) With pipettes and acid measures, the delivery shall be the intent

of the graduation and the graduation shall be read with the bottom of the

meniscus in line with the mark.

As the necessary change in graduation is slight and the

manufacturers few in number, there ap})ear no serious obstacles

in the way of the adoption of the new standard, though one

firm opposed it as impracticable.

Methods of Testing,

(«) Bahcock Bottles.— Of the several methods^ in vogue

for testing Babcock bottles, calil)ration with a weighed amount

of mercury was the most sensitive, because of the high specific

gravity of the metal. The process had also the advantage of

being generally understood and extremely simple. The figures

assumed for the specific gravity of mercury, hoAvever, have

usually been too high. According to the Bureau of Standards,

^

1 cubic centimeter at 20° C. should weiojh in air asfainst brass

weights 13.5471 grams. The ofiicial method was readily de-

duced from the above.

Section 2. The official method for testing Babcock bottles shall be

calibration with mercury (13.5471 grams of clean, dry mercury at 20° C,
carefully weighed on analytical balances, to be equal to 5 jjer cent, on the

scale), the bottle being previously filled to zei'o with mercury.

1 Connecticut Agricultural Experiment Station, twenty -fiftli (1901) annual report, pp. 280,

281; Vermont Agricultural Experiment Station, fourteenth (1901) annual report, pp. 222,

223; Wisconsin Agricultural Experiment Station, ninth (1892) annual report, pp. 221, 222;

tenth (1893) annual report, p. 125; Testing Milk and its Products, fifteenth edition, Far-

rington & WoU, pp. 47-53; Modem Methods of Testing Milk and Milk Products, L. L.
Van Slyke, pp. 4.>-49.

8 Correspondence.
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The provision as to clean , dry mercury weighed on analytical

balances should be carefully observed. The scale equivalent

in mercury of the ordinary bottles is stated below, and that

of any other percentage can be readily calculated :
—

T7- Capacity, in Per Grams of Mercury^™°-
Cent. at 20° C.

Cream bottles, 50.00 135.4710

Cream bottles 30.00 81.2826

Milk bottles 10.00 27.0942

Skim milk bottles .50 1.8547

A number of quick methods, that are reasonably sensitive,

are employed to cull out the questionable bottles. For such a

purpose they are extremely valuable, but they should never be

considered official. This idea was incorporated into a section.

Section 3. Optional methods. The mercury and cork, alcohol and

burette, and alcohol and brass plunger methods may be emploj^ed for the

rapid testing of Babcock bottles, but the accuracy of all questionable bot-

tles shall be determined by the official method.

[b) Pipettes and Acid Measures. — With Babcock pipettes

and acid measures, as with other volumetric apparatus of simi-

lar character, the delivery is, or should be, the intent of the

graduation. There has been consideral)le discussion on this

point, but the recognized practice should not be set aside and

an exception made in this case. Relative to pipettes, Director

Stratton ^ wrote as follows :
—

The basis of test is the actual volume of water delivered by the pipette

when used in the maimer specified under Regulations for Testing.

^

He also went on to say that, while he could not state in ab-

solute terms the accuracy of such pipettes when used for milk,

in his opinion the error would not exceed .1 cubic centimeter.

In other words, a 17.6 cubic centimeter pipette would deliver

in milk approximately 17.5 cubic centimeters,— what has

usually been assumed. Probably this difference with milk is

largely due to viscosity, though other factors enter in. Calibra-

1 Correspondence. ^ Circular No, 9, third edition.
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tion with mercury is not permissible, as it involves many points

of uncertain value, and all tests ^ based on capacity should be

excluded.

Section 4. The official method for testing pipettes and acid measures

shall be calibration by measuring in a burette the quantity of water (at 20°

C.) delivered.

Limit of Error.

The demand of State officials as to accuracy and the claims

of manufactures as to their ability to graduate within definite

limits agreed very closely, consequently there was little diffi-

culty in presenting figures acceptable to both parties.

Section 5. The limit of error.

(a) For Babcock bottles, it shall be the smallest graduation on the

scale, but in no case shall it exceed five tenths (0.5) per cent., or for skim

milk bottles one hundredth (0.01) per cent.

(6) For full quantity pipettes, it shall not exceed one tenth (0.1) cubic

centimeter, and for fractional pipettes five himdredths (0.05) cubic centi-

meter.

(c) J'or acid measures, it shall not exceed two tenths (0.2) cubic cen-

timeter.

The new standard was submitted to Dr. Babcock, and passed

without criticism. It was also sent to Professor Woll, referee

on dairy products for the association of official agricultural

chemists, to be presented at the 1907 meeting, but by some

oversight was not forwarded to the secretary. It will be

offered at the next annual meeting.

It is desired to acknowledije the valuable assistance of the

manufacturers, Director Stratton and station officials, for with-

out their co-operation the proposed standard would not have

been deduced.

1 Connecticut Agricultural Experiment Station, twenty-fifth (1901) annual report, p.

281; Wisconsin Agricultural Experiment Station, ninth (1892) annual report, pp. 222, 223,

tenth (1893) annual report, p. 126; Testing Milk and its Products, fifteenth edition, Far-

rington & Woll, pp. 53, 54; Modern Methods of Testing Milk and Milk Products, L. L. Van
Slyke, p. 49.
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REPORT OF THE BOTANISTS.

G. E. STONE, BOTANIST; G. H. CHAPMAN, ASSISTANT.

1. Outline of the year's work.

2. Seed work.

3. Seasonal peculiarities.

4. Premature defoliation of trees.

5. Asparagus rust.

6. Asparagus fusarium.

7. Peony troubles.

8. Potato diseases.

9. Experiments with fungicides.

10. Influence of potash salts on potato scab.

11. Investigations relating to mosaic disease.

12. Some factors which underlie susceptibility and immunity to disease.
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1. Outline of the Year's Work.

G. E. STONE.

During the past year attention has been given to the fol-

lowing lines of work : correspondence ; observations on and

investigations of various diseases ; seed separation ; seed ger-

mination and seed purity testing ; mechanical analyses of soils
;

the study of mosaic troubles of tobacco and other crops ; the

testino^ of bandino; substances for trees ; investio-ations of tomato

rot ; experiments with the spraying of potatoes ; the study of

the effects of temperatures, moisture, light, etc., on greenhouse

crops ; and a study of the meteorological conditions afiecting

plant diseases and the development of crops.

Mr. N. F. Monahan, who has been connected with the de-

partment since his graduation in 1903, resigned to take up

practical greenhouse and market-garden work, and his place

has since been tilled by Mr. G. H. Chapman of the class of 1907.

From the pathologist's standpoint every season possesses

distinct individuality, and the past season has been no excep-

tion in this respect. Since the meteorological conditions are

never identical in any two seasons, plant diseases show con-

siderable variation ; and, while an exceptionally dry summer
like the past may be conducive to the favorable development

of some crops, it is also the means of checking that of others

by favoring certain plant diseases. The long period of drought

was especially severe for lawns, trees and shrubs, the effect

being much more pronounced in the eastern than in the western

part of the State.

During the year the department has changed its headquarters

from the east experiment station to Clark Hall, a new building

located on the college grounds, and its equipment has been en-

larged to meet the increased demand of certain lines of work.
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We have been obliged to sacrifice much valuable time from

experiment work, owing to the difficult}^ experienced in moving

and setting up equipment, and it has been necessary to omit

certain lines of investigation from this report.

2. Seed Work.

Work has increased in this line to some extent during the

past year, 359 samples of seeds having been tested and sepa-

rated in 1907, as compared with 231 in 1906. During the year

many improvements have been made in the appliances used for

separating seed. A Bishop & Bal)Cock blower has been in-

stalled for the separation of tobacco seed, and altogether much

attention has been given to the development of improved appa-

ratus for this work, which has resulted in the production of an

exceptionally efficient method. Arrangements have also been

made for separating onion seed by electric power. Constantly

increasing interest is being shown in seed testing and seed sep-

aration, and in this State as well as others considerable inter-

est has been aroused in making people realize the necessity for

pure seed.

The following tables give in brief the seed work done in

1907:—
Tahle I.— Records of Seed Oermination, 1907.

Kind of Seed.

Onion, .

Tobacco,

Corn,

Timotliy,

Celery, .

Miscellaneous,

Total,

Number
of

Samples.

40

2

9

4

3

1S9

247

Germination.

Averase
Per Cent.

86

91

63

98

83

44

Highest
Per Cent.

Lowest
Per Cent.

98.5

92

100

100

91

100

57

90

96

70
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The average germination of onion seed for 1907 was 86 per

cent., and that of the preceding year 79 per cent., showing a

better grade of seed for 1907 than 1906, so far as its germinat-

ing capacity is concerned. Some of the corn sent in did not

germinate with repeated tests, which was apparently due to the

immaturity of the seed.

The miscellaneous seeds in this list consist largely of flower

and vegetable seeds. Some white pine seeds were tested, the

per cent, of germination being 59, while frequently white pine

seeds do not give more than 33 per cent, of germination.

Only 4 per cent, was discarded from the best tobacco seed

by the process of air separation, while from the poorest sample

33 per cent, was discarded. At the present time most tobacco

men grow their own seed, selecting carefully those plants rep-

resenting the best types of tobacco ; consequently, the seeds

which are sent to us contain considerable chafl*, which is blown

out and included in the percentage of discarded seed. By this

process of selection a more uniform type of tobacco is obtained

and improvements in the crop rendered possible.

In the case of the best onion seed 1 . 6 per cent, was discarded

by the use of the winnowing machine and 43.3 per cent, from

the poorest sample.

The separation of tobacco and onion seed is quite generally

acknowledged to be a wise course, and it is being practised ex-

tensively among growers in the Connecticut valley. In our

opinion, this discarding of the inferior seed should be given

more attention.

Seed to be tested or separated should be sent by either mail

or express to G. E. Stone, Massachusetts Agricultural Experi-

ment Station, Amherst, Mass. The work is done gratuitously

by the station for people living in the State, but the postage

or express charges should be paid by the person sending the

samples.

3. Seasonal Peculiarities.

The extreme conditions which have prevailed during the past

four years have been the cause of much injury to vegetation.

In previous reports attention has been called to some of these

troubles, more particularly to the extensive winter-killing which

caused so much injury during the winter of 1903-04, at which
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time thousands of trees and shrubs were severely affected, many
having been dying slowly ever since. Besides the trees which

are dying, there are many others which are in a very weakened

condition. Numerous oaks which were injured four years ago

have died during the past two years, and some of those not yet

dead are gradually becoming weaker. These trees are more

noticeable in the eastern part of the State, and our attention

has repeatedly been called to the serious condition of the elms,

due to the same cause. Some very large specimens of this tree

have died, and others are in poor condition.

Mention has previously been made in our reports of the con-

dition of the red maples, many of which are now gradually

dying, and the white and rock maples are suffering to a limited

extent from the same cause. During the past spring some

damage was done to the foliage of these trees by the late frosts.

The condition of the white pine roots has already been re-

ferred to a number of times in previous reports. Examinations

of these have for the past four years been repeatedly made in

various parts of the State, and it has been found that the injury

to the fibrous roots is largely responsible for the poor condition

of the foliage ; but the present condition of the pine roots is

much more alarming, since during the past year in a very large

number of cases the small feeding roots have collapsed. This

is true not only of those trees which show injury from sun

scorch, but of those which appear to be perfectly healthy.

Our extensive observations connected with the effects of

meteorological conditions on plants have led us to examine

hundreds of roots in different localities, and we have found this

poor condition of the roots to be widespread and serious. The

injury involving the larger fibrous roots was observed exten-

sively four years ago, but that affecting the smaller fibrous roots

was not noted in connection with the pine until last summer.

Sun Scald.

The trunks of many apple trees which were affected by sun

scald four years ago may be noticed at the present time. Two
years ago a great many apple trees again showed the effects

of sun scald, which was in many cases followed by canker, and

this is very noticeable throughout the State on those trees
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which have not been pruned. It aftccted only the lower,

shaded limbs, however, and is of little importance, being

scarcely perceptible in properly pruned and well-cared-for

orchards. The sun scald of two years ago aft'ected many of

our wild plants, causing much injury to the wild cornels, par-

ticularly to Comas stolonifera, Michx., and G. circiiiata,

Lller.

During tlie past spring practically every sycamore lost its

leaves when they were half grown, from the same cause, and

an examination of the young wood of the sycamores showed

that all last year's growth was injured ; but as the sycamore is

a difficult tree to kill by defoliation, from whatever cause,

buds were thrown out from the old twigs, and the trees subse-

quently bore a good crop of foliage. The sycamore often

becomes defoliated in early summer from the effects of the

fungus Gloeosporimn nervisequum (Fckl.) Sacc, but always

succeeds in providing itself with new foliage in a short period

of time. Sun scald is a common trouble, and can be easily

produced in the laboratory. Our attention has often been

called to the sun scald of apple trees, caused by banding with

tarred paper, showing that tarred paper should not l)e used

around apple trees without taking precautions.

Sun Scorch.

The past season has been very favorable for sun scorch, this

trouble having been much more severe in the eastern part of

the State, where the effects of the drought were more marked.

Sun scorch is prevalent every sunmier on certain trees, espe-

cially those located in dry soil, and rock maples are peculiarly

susceptible in this respect. This season the white pine also sun

scorched badly, the injury appearing to be much more general

than that which occurred three years ago, but less severe on

the foliage, since in practically all cases the burning was con-

fined to the apical portion of the needle, and seldom extended

to the base. If the needles are not wholly destroyed, no great

injury results, and a large numljer of the trees which were burned

three years ago have entirely recovered. Should nothing fur-

ther affect the pines, and the condition of the roots improves,

the present burning will be scarcely perceptible one year from
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now, as it is a matter of general observation that many of the

trees wliich burned this season commenced to recover a few

weel\S after being afiected.

Strong, dry winds are important factors in producing sun

scorch, and an excellent illustration of this may be found in the

ninth annual report of the Hatch Experiment Station (pp. 81,

82) ; but, technically speaking, the cause of sun scorch is the

exhalation of watery vapor from the foliage in excess of the

amount of water supplied by the roots. Sun scorch is a common

phenomenon, peculiar to many plants, and, while its occurrence

on the pine appears to be new to most people, we have observed

it for twenty-five years to a very limited extent. The cause of

the recent sun scorch of the maple and white pine is to be found

in certain meteorological conditions, but the immediate cause

may be traced to the peculiarly dry Avinds of July, together

with the inability of the roots to supply sufficient water. The

eflect of sun scorch is more marked on the western side of a tree

or forest,— a fact which has been noted by various observers

besides ourselves.

4. Premature Defoliation of Trees.

The premature defoliation of trees, which has been very

connnon this season and which occasioned considerable corre-

spondence, as usual, gives rise to much unnecessary anxiety.

Among the many well-known causes of defoliation maj^be men-

tioned severe drought, and even excess of water may cause it.

Elm trees, however, are likely to lose their leaves both in early

summer and fall, and this is also common to other trees ; but

the loss of foliaoe in the case of the elm is seldom serious

enough to cause alarm ; and even the shedding of the twigs of

the elm, which occurs to considerable extent, often periodically,

generally causes little damage.

5. Asparagus Rust.

This disease has been more prevalent than usual the past

summer in certain localities, but less so in others. It has in

some places affected those beds which in ordinary seasons

seldom sIioav outbreaks except in the late fall. The rust

occurred in a rather unusual form for this section, since as a
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rule the summer stage (uredospore) , which causes practically

all the injury, was checked, and as a result the fall stage (teleu-

tospore) developed early in the summer. This often occurs

on beds which never suffer materially from the rust, but it is

the fii'st instance noticed in this section of the uredospore stage

being supplanted by the teleutospore stage in midsummer on

beds which are usually infected with the uredospore stage, and

which suffer more or less loss from such infection. This sup-

planting of the summer stage by the fall is an advantage to the

crop, as the fall stage causes little damage, and there is not

the slightest opportunity for infection during the summer, as

the teleutospores do not germinate until they are given a rest-

ing period. Prof. R. E. Smith ^ has shown that this often

occurs in California, attributing it to a lack of atmospheric

moisture.

6. Asparagus Fusariu^i.

During the past few years our attention has been called to an

apparently new fungous trouble affecting asparagus, which has

appeared in some instances in the spring, attacking the fresh,

marketable shoots. On one bed it occurred two years ago, but

the owner has not been troul)lcd with it since. In this case

the young, tender shoots rotted off near the surface of the

ground, and an examination of the soft rot in the tissue

revealed that the asparagus shoots Avere infected with a species

of fungus known as fusarium. Many instances of fusarium

infection have also been observed by us later in the season on

the mature stalks, the infected stalks being contorted in their

growth and often split open, and an examination of these stalks

always reveals a dense growth of this fungus.

7. Peony Troubles.

For two years we have had complaints in regard to a serious

trouble of the peony, concerning which much has been written

in the florists' journals. The disease is characterized by the

dj'ing of the plant to the ground, and an examination of the

portion under ground usually reveals a decidedly bad state of

affairs. In most of the specimens examined, the crown of the

1 The Water Relation of Puccinia Asparagi. R. E. Smith, Bot. Gaz., Vol. 38, July,

1904, pp. 19^3.
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plant, which is located just below the surface, is more or less

blackened and decayed, and often dead, the black areas and

decayed spots frequently extending below the crown of the

plant for some distance. Microscopic examinations of the

rather limited material which we have had at hand have re-

vealed no specific organisms associated with this trouble, al-

though fungi, bacteria and eel worms are usually found in the

decayed tissue, apparently as secondary factors or accompani-

ments of decay. In one instance plants wxre observed which

had perfectly clean cavities in the crown, as though eaten out

by some small animal ; and in other instances the so-called club-

foot or gall formation, containing eel worms, was noticeable on

the roots, but these did not seem to be responsible for the

trouble. Further investigations of this disease are at present

under way.

8. Potato Diseases.

Potato foliage w^ent tlirough the season with comparatively

little disease. There was no blight of any importance. Some
potato crops always die down or mature earlier than others,

which is due in part to the conditions under which they are

grown, though it is often believed that this early maturity is

caused by some blight. The abundance of rain in the fall,

which followed the long drought, caused potatoes to rot badly

in some cases, especially when located on low and not easily

drained soil, but on the wdiole the season was favorable for

potatoes, the dry summer holding in check certain fungi which

are likely to be troublesome, especially during a wet summer.

On some fields, late in the season, following the period of rain,

a rather unusual outbreak of Gladospoi'mm fulvum, Cke., oc-

curred, although this fungus is usually confined to tomatoes in

this section.

9. Experiments avitii Fungicides.

Some potato-spra^'ing experiments were made on the station

plots, for the puri)ose of testing and comparing certain spraying

mixtures to discover their adhesive properties, as w^ell as their

value as fungicides. As there was little fungous infection on

the potato during the summer, the deductions which were drawn

from the various applications of fungicides are not of great

value.
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The plots selected were those which were being used in the

agricultural department for testing the relative vahie of potash

compounds,^ and for oiu' purposes five of these were used.

With the exception of two plots, the standard Bordeaux mix-

ture formed the basis of the fungicides, the regular 4— 4— 50

formula being used. The plots were tested as follows :
—

Plot 1 was treated with Bordeaux and Paris green, 1 pound

of Paris green being added to 50 gallons of the Bordeaux.

Plot 2 was treated with Bordeaux and " Disparene,"' or arse-

nate of lead, 5 pounds of "Disparene" being added to 50 gal-

lons of the Bordeaux.

Plot 3 was treated with Bordeaux and sodium benzoate, 4 to

6 ounces of the sodium benzoate beino^ added to 50 srallons of

the Bordeaux mixture.

Plot 4 was treated with soda Bordeaux and Paris green,

1 pound of Paris green being added to the soda Bordeaux

mixture.

The soda Bordeaux is made as follows :
—

Soda (commercial lye), ..... 2 lbs.

Copper sulfate, . '. . . . . .6 lbs.

Lime, V2 ^ % lbs.

Water, 60 ffals.
fo'

The mixture was tested to insure its alkalinitv, and the

amount of lime was modified accordinor to the streng-th of the

lye.

Plot 6 was treated with copper phosphate and "Disparene."

Copper phosphate is a compound prepared by the Bowker
Chemical Company, and is being tested as a fungicide. Our
formula is as follows :

—
Copper phosphate, ....... 5 lbs.

"Disparene," 5 lbs.

Water, 50 gals.

The plots were sprayed July 6, when the sun was shining,

in the order given in the outline, the ordinary barrel spray pump
being used. No rain fell before the first observations were

made on July 11. The potato bug and flea beetle were present

1 See report of the agricultural department, p. 39.
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in abundance before the plants were si)rayed. The results of

the observations of July 11 are o;iven below :
—

Plot 1 . Borxleaux and Paris Orecn mixed :—
No live potato bugs found.

The flea beetles scarce.

The mixture colored the leaves well.

Plot 2. Bor'deaux and "Disparene'" mixed:—
No live potato bugs found.

Flea beetles scarce.

The mixture seemed to adhere rather better than the Paris green, and

covered the plants more evenly.

Plot 3. Bordeaux and Sodium, Benzoate :
—

A few potato bugs found on this plot.

Flea beetles scarce.

Color not A^ery strong.

The mixture adhered well.

Plot 4. Soda Bordeaux and Paris Oreeji:—
No potato bugs found.

No flea beetles found.

No strong color shown on plants.

Plot 5. Cop2)er Phosjjhaie and " Disparene " ;
—

No potato bugs found.

Flea beetles very scarce.

Mixture does not color j^lants to any appreciable extent.

Although careful observations were made from day to day on

the general appearance of the field, and the presence and absence

of bugs noticed, by the time set for a second spraying no ma-

terial difference in appearance was noticeable. Without excep-

tion the plants maintained the same condition, i.e., they were

free from potato bugs and flea beetles. One plot, that on which

sodium l)cnzoate was used, did seem toward the last to have

rather more flea beetles and potato bugs than the others,

although these were not in sufficient numbers to do any but

local damage. There was absolutely no sign of biu-ning of

the leaves or stems on any of the plots.

The field was sprayed as before for the second time on Jul}^

22. The night after the spray was applied it rained heavily,

and most of the spray was apparently washed off; but when the

field was examined on July 29 no potato bugs were found, and

there was no sign of blight. There Avas no appreciable leaf

burning except in a few isolated cases, and in all these the
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plants affected were small and weak, and had not made the

OTOwth of the others.

One week later the field was sprayed for the last time, as

after this the plants became too large to be sprayed again.

During the month of August the plants were inspected from

time to time, but no late blight {Pliytoplttliora infestans,

(DBy) ) occurred. In the first Aveek in September, however,

a disease appeared which seemed to make headway on some parts

of the field, although of no general occurrence on potatoes.

This was Cladosporium fidvum, Cke. A period of wet weather

lasting about a week and a half occurred just after the Clado-

sporium was noticed, and under these favorable conditions the

disease spread rapidly in some sections of the field.

No more observations were taken of the plots until Septem-

ber 16, when the field was again examined carefully, both with

reference to the diseases present, the general appearance of the

plots and the maturity of the plants. These results were the

last taken before the potatoes were dug, and are given below.

Regarding the diseases present on the different plots treated

with the spraying mixtures, it was found that plot 1 sprajed

with Bordeaux and Paris green, showed the presence of both

Alternaria and Cladosporium, although these diseases were

found only in localized areas, and could not be considered as

especially destructive to the plants. The Bordeaux and Paris

green is productive of fairly good results, but does not prove

to be so efficacious as some of the mixtures used on the other

plots.

Plot 2, treated with Bordeaux and " Disparene," presented

a better appearance than did plot 1, and showed very little

Cladosporium or Alternaria. This was due to the fact that the

mixture adhered to the leaves for a longer time, and was not so

easily washed off" as the Paris green-Bordeaux mixture.

Plot 3 was sprayed with Bordeaux and sodium benzoate,

and the plants proved to be in exceptionally fine condition,

practically no Alternaria or Cladosporium being found even

on dead plants. This mixture, although not coloring the

leaves to any appreciable extent, seemed to adhere better than

any of the others, with the exception of that used on plot 4.

Plot 4 was sprayed with soda Bordeaux and Paris green,
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.

and when the observations were taken showed no Alternaria or

Cladosporium, the whole plot presenting a good appearance.

This mixture adhered to the leaves the best of any and pos-

sessed the advantage of not coloring the plants to any great

extent.

Plot 5 was sprayed with copper phosphate and " Disparene,"

and was in very poor condition when examined. The whole

plot was badly affected with both Alternaria and Cladosporium,

and little good seemed to result from spraying with this mix-

ture.

The following table shows the relative appearance of the

sections of each plot :
—

Table III.— Showing the Belalive Difference in the Condition of Each

Plot, Sept. 16, 1907.

Of the different spraying treatments the copper phosphate

shows the largest percentage of dying plants, and, as already

stated, this plot was the most severely affected with fungi. The

other plots which showed less infection were treated with

Bordeaux mixture in some form of combination. The applica-

tion of Bordeaux mixture is known to prolong the maturity of

crops, and no doubt the difference in the maturity of the plots

treated with the Bordeaux mixture and those treated with cop-

per phosphate is due in part to the tonic effect of the Bordeaux.

Too umch reliance, however, cannot be placed upon these con-

clusions as they represent only one season's work, and the

following summary must be interpreted with caution.
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Summary.

I. Of the sprays used this year on the experimental plots,

the soda Bordeaux and Paris green was the best. It adhered

to the leaves the best of any used, it did not color the foliage

greatly, and effectively prevented the plants from being injured

by either fungi or insects. In mixing this spray, however,

great care should he taken to add sufficient lime to make the

mixture slightly alkaline, otherwise serious leaf hum might

result.

II. Bordeaux and sodium benzoate ranked a close second in

effectiveness, and hardly any discrimination can be made be-

tween the soda Bordeaux mixture and the benzoate mixtiu-e.

This mixture colors the leaves scarcely at all, and adheres about

as well as the soda Bordeaux. The sodium benzoate could be

added in slightly larger amounts without injury to the plants.

III. Bordeaux and " Disparene " seemed to be productive

of fairly good results, and held the blight and insects well in

check. It did not, however, give such good results as the first

two mentioned. It showed up well on the foliage, coloring it

heavily, and it adhered well to the leaves.

IV. Bordeaux and Paris green did not seem to hold the

diseases in check as w'ell as some of the other sprays, and did

not adhere as well to the leaves ; nevertheless, it was produc-

tive of good results.

V. Copper phosphate and " Disparene " seemed to have no

appreciable effect on checking the disease, and this jxar's re-

sults, at least, seem to indicate that it is not equal to other

funoficides.&

10. Influence of Various Potash Salts on Potato Scab

(Oospora scabies, Thaxter).

In connection with the preceding spraying experiments on

potatoes, observations were made on the occurrence of potato

scab in the various plots treated with different combinations of

potash.^ As previously stated, there were five series, each

containing eight plots, fei-tilized with seven different potash

compounds, with normal or untreated rows between the ferti-

1 See report of agriculturist, p. 39, for details as to fertilizer.
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lized ones. Potato scab has been slowly working its way into

these plots since the experiment was started a few years ago,

although the seed potatoes were treated with the standard

corrosive sublimate solution before being planted. Notwith-

standing this, potato scab developed quite severely on some

plots, and the following table shows to what extent. No
stable manure has been applied to these plots, hence that

source of contamination has been eliminated.

Table TV.— Showing the Development of Scab on Plots treated with

Different Potash Compounds.

Fertilizer used.
Amount of Scab
(Per Ceut.).

No potash, ....
Kainit

High-grade sulfate of potash,

Low-grade sulfate of potash, .

Muriate of potash, .

Nitrate of potash, .

Carbonate of potash,

Silicate of potash, .

5.0

2.0

1.0

1.2

95.0

3.0

The above estimates of proportion of tubers affected by scab

is based upon observations upon the fourth and fifth series of

plots. The relative abundance of the disease in other plots

was smiilar, but the proportion of scabby potatoes was larger.

The results given in this table show that there is a marked

difference in one instance of the development of potato scab

which can be traced directly to the fertilizer emploj'ed. It

should be noted in this connection that the results in the

different plots are very uniform, practically all the potatoes

in the carl)onate of potash plots showing much scab, and it is

quite evident that this fertilizer is favorable for the develop-

ment of scab. It is also clear that the corrosive sublimate

method of treating the seed potatoes, as well as any other

similar method of treatment, is of little value when the soil

conditions arc especially favorable for the scab fungus. The

muriate and nitrate of potash plots did not seem to have de-

veloped the scab, and undoubtedly much can be accomplished

in holding the disease in check by applying fertilizers which
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are unfavorable to the growth of the fungus. "Wheeler, Hart-

well, Sargent and Towar,^ who have investigated this subject,

have shown that acid soils restrict, while lime, a.shes, etc.,

increase, the amount of scab. Dr. Wheeler points out that

sulfate of potash, kainit and muriate of potash, in connection

with dissolved phosphates, etc., will benefit the soil and render

infection less prevalent.

1 Cf. various articles by H. J. Wheeler, J. D. Towar, B. L. Hartwell and C. L. Sargent,

iu Bulletin No. 26, 1893, No. 33, 1895, and No. 40, 1896, Rhode Island Experiment Station.
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11. Investigations relating to Mosaic Disease.

G. H. CHAPMAN.

The Mosaic Disease of Tomato and Tobacco.

Work on this disease was taken up for the first time at the

station in July, 1907 ; too late in the season to observe the

seed beds and the transplanting of field-grown tobacco in its

natural state. However, the Avork of the past year has been

more in the nature of verifying the results obtained by other

investigators than in research purely, so only a preliminary

report can be made at the present time.

The disease occurs on several plants, but seems to be most

injurious to tobacco, although it has been found that in the

case of greenhouse-grown tomatoes a heavy pruning back will

bring on the disease, and, as observed at this station, lessens

production.

All investigators agree that the mosaic disease is a purely

physiological one, but there seems to be much doubt as to

whether it is infectious or contagious in character, or both.

There also seems to be some difference in opinion as to the

direct cause of the disease. In tomatoes it is always produced

when the vines are heavily pruned, and in the work here it has

been shown that it is connected in no way witli methods of

transplanting the young plants, and only results from subse-

quent pruning.

It has been found that tobacco is much more susceptible

under conditions which tend to produce the disease than is the

tomato. In the case of tobacco, A. F. Woods ^ found that when

a plant was grown in soil containing small roots of diseased

plants the disease always occurred sooner or later. In our

1 Mosaic Disease of Tobacco. A. F. Woods, Bulletin No. 18, Bureau of Plant Industry.
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observations on the tomato we have been unable to verify this

statement, as in no case has the disease appeared when normal

plants were grown in soil which contained roots of plants which

had been badly diseased, and in the growing of tomatoes year

after year in the station greenhouses there has never been the

slightest evidence of infection arising from the soil.

In the case of tomatoes grown under glass the disease did

not make its appearance when the plants were left normal, l)ut

occurred when the plants were pruned. These conditions held

true for soils in which there were diseased roots, as well as for

those in which tomatoes had not previously been grown.

In the coming year the work will be renewed, and the disease

studied under field conditions in the case of tobacco, and ex-

periments carried on to determine the possibility of its occur-

rence in the seed bed and also after being transplanted from

the seed bed to the field. It is thought that the conditions

under which the transplanting takes place may account for the

presence of this disease in some cases. One case, at least, has

come to oiu" notice which seems to indicate that the disease may
result from improper handling. In the particular case referred

to, two lots of plants were taken from the same seed bed. One

lot was well moistened before being removed, and the second

lot was removed in a dry condition. The same machine planted

both lots, and it was reported that at least 70 per cent, of the

plants removed from the seed bed in the drier state became

more or less diseased, while of those properly removed and

carefully handled only two or three plants became afifected. It

has also been frequently observed, in connection with the trans-

planting of aster seedlings from the same bed under identical

conditions, that one lot will show the "yellows" badly, and

another lot scarcely at all when transplanted into diiferent

localities.

In connection with the field work, experiments of a more
technical character will be carried on in the laboratory, with a

view to ascertaining the effects which different enzymes (oxidase,

peroxidase, catalase, etc.) found in growing plants have upon

the production of the disease. Woods ^ infers that oxidase and

1 Mosaic Disease of Tobacco. A. F. Woods, Bulletin No. 18, Bureau of Plant Industry,
United States Department of Agriculture.
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peroxidase play an important role in the development of this

disease ; but in the work so far carried on in the laboratory at

this station it seems more probable that catalase has more to do

with the production of a diseased condition. This bears out

Loew's^ Iwpothesis to a great extent, as in the preliminary work

here it has been found that catalase is present in far greater

quantity in health}^ plants than in diseased plants. However,

this point cannot be considered proved, as enough work has

not yet been done to warrant such a statement. The results

so far obtained will be found in this report.

Description of Mosaic Disease on Tomato.

The appearance of this disease has been described by many

investio'ators, and nearlv all have described it in a similar man-

ner, but more particularly with reference to tobacco than to the

tomato. The aeneral characteristics of the disease are the same

for both plants, but some difterence is found in its appearance

in extreme cases on the tomato, as will be noted from the fol-

lowing description :
—

In the first stages of the disease the leaf presents a mottled

appearance, being divided into larger or smaller areas of light

and dark-green patches. At this point, however, no swelling

of the areas is noticeable, but as the disease progresses the

darker portions grow more rapidly, while the light-green areas

do not grow so rapidly, and leaf distortion is brought about.

In the tomato the light-green areas become yellowish as the

disease progresses, and in badly affected plants become finally

a purplish-red color. This purplish coloration is found princi-

pally on plants which are exposed to strong light, but does not

always occur, as it has been found that sometimes, even in

badly infested plants, the disease may reach its maximum with-

out showing any reddish coloration whatsoever. The reddish

appearance is noticeable only on the upper surface of the leaf,

and appears to extend only through the palisade cells. As yet

no investigation has been made with reference to its character,

but from its appearance under the microscope it is thought that

it may be due to the breaking down of the chlorophyll granules,

as a result of the diseased condition of the leaf.

1 Catalase, Oscar Loew, Report No. 68, DeiJartmeut of Vegetable Pathology and Phyai.

ology, United States Department of Agriculture.
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Under all conditions of disease, however, the leaves are much
distorted and stiff, and often very badly curled, never possess-

ing the flexibility of healthy, normal leaves.

The Growing of Plants used in Experiments.

As the mosaic disease seldom if ever occurs on field-grown

tomatoes, and as these experiments were carried on in the green-

house, a standard greenhouse variety of tomato, the Lorillard,

was used in the work. This variety is of medium size, and

possesses strong growing qualities.

The seed used was carefully selected and of uniform size, all

being over 2.5 millimeters in diameter. The seed was first

planted in drills in a seed plot in which no tomatoes had previ-

ously been grown, and which could in no way contain any roots,

decayed or otherwise, of diseased plants. After the seedlings

had reached a height of 4-6 centimeters they were transplanted

to 4-inch pots, and then once more transplanted, when they had

reached a height of 15-18 centimeters, to the boxes containing

the coal ashes, mention of which will be made later, and to the

benches into soil which had not previously produced tomatoes.

The plants transplanted to the boxes were used to ascertain

the action of excess of various plant fertilizers on the produc-

tion or intensifying of the disease after it had once been con-

tracted. The plants transplanted to the benches were used for

inoculation and various other minor experiments.

Action of Excess of Fertilizers on the Production or Intensi-

fying of Mosaic Disease.

To test the action of excesses of various fertilizers on the

pruned and unpruned tomato plants, a fertilizer containing all

the necessary plant food for tomatoes was used. The fertiliz-

ing constituents in tomatoes, given in parts per thousand, are

as follows :
^—

Moisture,

Nitrogen,

Ash,

Potassium oxide.

Sodium oxide,

Calcium oxide.

Magnesium oxide,

Piiosplioric acid.

Parts.

9-iO.O

1.7

3.6

.3

.2

.4

1 Hatch Experiment Station report, 1902.
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A fertilizer of the following composition was used, applied

in the indicated amounts per acre :
—

Nitrate of soda,

Super^jhosphate of lime,

Muriate of potash.

Lime, . . . .

Pounds.

400

1,320

280

1,000

In order to be certain that the production or reduction of the

mosaic disease was due to the excess of fertilizer which was

added in each case, a wrowino- medium was taken which con-

tained little or no plant food. In this case pure anthracite or

hard coal ashes, which had been sifted through a one-fourth-

inch sand sieve, were used.

Five wooden boxes of the same dimensions (45 by 45 by 30

centimeters) were tilled to a depth of 25 centimeters with the

ashes ; to this was added in each case the requisite amount of

the com})lete fertilizer calculated from the above formula.

Box 1 contained the complete fertilizer, and nothing else ; to

box 2 was added an excess of nitrates equal to that already in

the fertilizer ; to box 3 was added an excess of potash equal to

that already in the fertilizer ; to box 4 was added an excess of

phosphate equal to that already used ; and to box 5 was added

an excess of lime equal to that already used,— so that the

boxes contained :
—

Table showing Contents of Each Box.

Here n represents the normal amount of fertilizer.

X represents the nitrates.

K2O represents the potash.

P2O5 represents the phosplioric acid.

CaO represents the lime.

Number op Box.
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was cut back to a ])oint about 2 centimeters above the first

leaves. In from one to two weeks all the pruned plants

showed symptoms of the disease on the new growth, and con-

tinued to show it tliroughout the growing season. None of the

unpruned })kints showed the slightest indication of the mosaic

trouble at any period of growth.

There appeared to be no difference in the intensity of the

disease in anjf^ of the boxes, and when the diseased plants in

the boxes were compared with plants of the same age grown

in soil and pruned back at the same time, no difference in in-

tensity of the disease could be noticed, so it would appear from

this experiment that excess of plant food will not produce or

intensify the mosaic disease of the tomato, although it has been

observed that an excess of nitrogenous fertilizers does intensify

the disease in tobacco, as well as that an excess of lime tends

to lessen it,^ and there are characteristics displayed by plants

resultino; from overfeeding- which resemble the mosaic trouble.

In our experiments with the disease on tobacco these views

have been borne out, and it has also been noted that the to-

bacco is far more susceptible to those changes which bring

about the disease than is the tomato.

Calalase in Tomato Leaves.

Some leaves of a perfectly normal tomato plant were treated

to ascertain the presence or absence of the enzyme catalase,

which has been so well described by Loew,^ as it occurs in

tobacco. As only green tomato leaves were available, they

were taken and ground up in a mortar with fine quartz sand and

a little water. After the leaves were in this manner thoroughly

disintegrated the mass was covered with a .2 per cent, solution

of ammonium carbonate (NH^)2C03, and set aside for three

hours in a room the temperature of which was 25° C. After

standing for this length of time the mixture was filtered

through a coarse filter, and the resultant mixture filtered again

through a finer filter paper.

The residue, consisting of pulp and quartz sand, was allowed

1 Mosaic Disease of Tobacco. A. F. Woods, Bulletin Xo. 18, Bureau of Plant Industry,
United States Department of Agriculture.

2 Catalase. Oscar Loew, Report No. 68, Department of Vegetable Pathology and
Physiology.
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to stand for a short time to thoroughly drain, and the filtrate

was treated with dilute acetic acid 1:4. The filtrate was

greenish in color, and when acted upon by the acetic acid a

flocculent precipitate was obtained which was also greenish in

color, — whether due to impurities or pulp is a question.

A portion of unfiltered juice was also saved for treatment.

A diluted solution of commercial hydrogen peroxide (IIoOj,

containing 3 per cent, of pure HoO,) was treated with a small

amount of the residue obtained from the first filtration. An
abundant evolution of oxygen gas resulted, showing that cata-

lase was present, in insoluble form, at least. The insoluble

catalase has been called by Loew a catalase. As no other

known enzyme will break down hydrogen peroxide (HgOg) in

this manner, it is safe to say that catalase was present.

The first filtrate was added to a diluted solution of hydrogen

peroxide, and a somewhat smaller amount of oxygen relatively

was evolved. To the precipitate obtained by the acidification

and precipitation brought about by the action of the acetic acid

on the second filtrate was also added a diluted solution of

hydrogen peroxide, and the amount of oxygen evolved was

very small, only traces of the gas being found. As this pre-

cipitate contained presumably all the soluble catalase found in

the leaf, it was shown that the tomato leaf contained very little

soluble catalase. The explanation for the greater amount

liberated from the first filtrate is that the filter was so coarse

that some of the pulp containing the insoluble form passed

through into the filtrate, producing an energetic evolution of

oxygen. The soluble form of catalase is known and is de-

scribed by Loew as /s catalase.

In the normal condition the tomato leaf contains a large

amount of the insoluble form and only traces of the soluble

fonn.

After finding that catalase was present in the normal tomato

leaf, a number of leaves of plants affected with the mosaic

disease were treated in a similar manner, to determine whether

the presence or absence of this enzyme had anything to do

with this disease. The leaves of the diseased plants were

treated in exactly the same manner as the leaves of the normal

plants, so that there might be no chance for error due to treat-

ment of the leaves.
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Some leaves of a plant badly affected with the mosaic disease

were treated in the manner previously described. In appear-

ance the pulp and the filtrate were lighter in color than in the

case of the normal plants, due probably to the fact that there

was less chlorophyll in them than in the normal specimens.

When allowed to react with hydrogen peroxide (HaO.,) it

was found that both forms of catalase a and /? were present, as

oxygen was evolved from the solutions in sufficient amounts

to be measured.

Since it was obvious that both a and ^ catalase were present

in healthy and diseased plants, it was decided to take a weighed

amount of healthy and diseased leaves and measure the oxygen

evolved in a given time from a solution containing^ a known
percentage of hydrogen peroxide. For this purpose 5 grams

of healthy leaves were treated in the manner previously de-

scribed, and the oxygen given off" was carefully measured by
an ordinary water displacement method. The soluble catalase

was not precipitated, however, but the filtered juice was added

in each case directly to the solution of hydrogen peroxide.

The strength of solution used was as follows : —
To 120 cubic centimeters of pure distilled water was added 20

cubic centimeters of commercial hydrogen peroxide, making a

solution in the proportion of 1:6. The pulp containing the

insoluble catalase was added to this solution, and the amount
of oxygen given off* carefully measured. This was done both

for healthy and diseased plants. The results obtained for the

insoluble or a catalase are given below :
—

Table showing Oxygen developed by Catalase
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or /? catalase extracted from normal and diseased plants. The

results in this case indicated also that the leaves affected with

mosaic disease were deficient in soluble catalase. The results

obtained are tabulated below :
—

Table showing Oxygen develojied by ^ Catalase in Eeallhy and Diseased

Plants.

Average.

Healthy leaves,

Diseased leaves,

Time
(Minutes).
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certain unfavorable symptoms may escape his notice. In the

same way that a physician can diagnose a patient's condition

by an examination of certain organs, or gain an idea 'of tlie

state of his general health by considering various symptoms,

can one familiar with the normal functions of a plant ascertain

its condition by observing certain features which it may display,

and then discover the cause of the trouble.

The highest conception of health and vigor in plants is

brought to a realization through the remarkable skill of expert

gardeners, and it is no exaggeration to say that this class of

men possess the most profound knowledge of a plant's require-

ments and limitations. Those trained men who have made a

specialty of greenhouse crops for years are unexcelled in their

skill and knowledge of the plant's needs, and this is also true

of many intensive agriculturists. Some of these specialists

have gained remarkable insight into the nature of plant re-

actions, the slightest change which takes place in the plant

organism being noticeable to them ; but such a large percentage

of this knowledge is intuitive or instinctive, as it were, that it

cannot be conveyed to others. The best gardeners are in sym-

pathy with all that pertains to the well-being of their plants,

and they are continually observing each minute change which

the plant may undergo, thus gaining a knowledge of the influ-

ence of the external factors which in any way affect the organ-

ism. A slight modification in the light intensity or in the

temperature for even a brief period is suflicient to cause varia-

tions in the plant development which are discernible to the

expert gardener. The conditions which both directly and in-

directly afiect a plant in respect to susceptibility to disease are

various. A plant, both in its chemical and physical character-

istics, is affected by light, heat, electricity, gravity and soil,

moisture, air, biological relationships, etc., and in greenhouses

by such factors as ventilation, air space, quality of glass, and

in fact the simplest features connected with greenhouse con-

struction. It is in a greenhouse that we gain the most insight

into the relationship existing between the condition surround-

ing plants and their susceptibility to disease, for here the gar-

dener has the environment largely under his control, and can

therefore regulate the conditions to meet the requirements of
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his plants. The relation of external factors to plant diseases

can be most satisfactorily studied in the greenhouse, because

it is possible to modify and eliminate those which have a direct

bearing upon disease, and in this way their true significance

mav be determined. When the conditions surroundinoj the

plant are far from the optimum, injury and even death may
follow. A stimulus which may prove beneficial under certain

conditions may injure or cause the death of the organism under

others ; and it is only by possessing a knowledge of the opti-

mum conditions for stimulation and by meeting the normal

requirements of the plant that we can expect to obtain a perfect

organism. Everything which has a bearing upon the develop-

ment of the plant must be carefully considered if the perfect

type is to be realized. These factors not only aifect develop-

ment, but have a fundamental bearing upon immunity ; and if

the environment can be controlled, disease can be controlled to

a large extent. Even when it is not possible to modify the

heat, light and moisture, as is the case out of doors, infection

can be largely eliminated l)y making use of certain cultural

practices ; in fact, cultivation constitutes one of the most im-

portant factors in the control of disease.

Light afi'ords a good illustration of the role a single factor

may play in the configuration of plants. The physiological

effect of light is to inhi])it growth and to induce the formation

of a firm texture of the tissue, On the other hand, lack of

light stimulates gro'wth, l)ut plants grown in darkness are etio-

lated and lack firmness of tissue. There are many instances of

the absence of light being responsible for serious troubles, and

in others light undoul)tedIy exerts a detrimental influence.

The tonic influence of the Bordeaux mixture in favoring the

formation of chlorophyll and carbon assimilation in many plants

would appear to be due to the screening or lessening of the

light intensity. Sun scald, which occurs on various trees, is

brought about by excessive light, as in the case with apple

trees, which, when defoliated by the gypsy moth, usually die

from the effects of sun scald. On the other hand, shading

often causes sun scald by preventing the ripening of the wood.

There are apparently some cases, at least in greenhouses, of

too intense light, or the conditions resulting from it, causing
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tr()ul)le to crops. In the northern hititudes many greenhouse

crops do not obtain sufficient light during the winter months,

and when cloudiness prevails it is with some difficulty that

crops are matured without becoming diseased. All expert

greenhouse men mature their crops when the weather condi-

tions will permit, and not according to the calendar ; in other

words, it requires a certain definite amount of light, or so many
light units, as it were, to mature a crop. The light in May,

for example, is equal in intensity and amount to about twice

that of corresponding periods of a day in November ; con-

sequently, it requires about twice as much time to bring a crop

to the same degree of maturity in November as it would in

May.

Lack of light is responsible for various mildews and leaf

spots, top-burn or tip-burn, wilts, etc. Many of these leaf

spots are seldom if ever found on plants to which sunlight has

access. The Sclerotinia diseases of lettuce, water cress and

parsley are likewise induced by crowding and shading, and

light in such cases will prcA-ent infection by the formation of

resistant tissues. It is well known that absence of liofht causes

the so-called " layering " of wheat and " damping off" of cut-

tings, and the mildews of various plants grown in the shade are

too well known to need consideration.

The improper regulation of atmospheric moisture and venti-

lation is responsible for many fungous diseases, and the control

of these factors is important in preventing the troubles.

Among the mildews, Cladosporium can be entirely controlled

by holding the moisture in the greenhouse in check, and by
paying strict attention to proper ventilation and to normal

light conditions. Many gardeners have succeeded in control-

ling the chrysanthemum rust by using proper precautions in

regard to moisture.

A series of the most troublesome diseases common to cucum-

bers and melons out of doors— Plasmopara, Alternaria and

Anthracnose— can be absolutely controlled in the greenhouse

by paying attention to moisture, light and ventilation. The
circulation of air, as well as light, has a marked effect upon the

development of resistant tissues in greenhouse crops, and the

control of moisture is necessary to prevent the germination of
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various spores which are likely to infect crops. It is Avell known

that the tops of trees are less likely to become infected by fungi,

owing to the smaller amount of moisture there than about the

branches nearer the ground ; and asparagus plants when grown

under trees or covers which protect them from the dew seldom

show any indications of rust.

Too ffreat a deg-ree of heat and moisture in the soil mves rise

to serious troubles, as may be seen in the case of Qi^dema of

tomatoes ; and when seedlings are grown in soil that is kept

too moist and at too high a temperature, they are likely to

" damp off." The presence of water in a plant in excess of

certain amounts is favorable to disease, as is shown in the car-

nation's susceptibility to rust ; for example, those carnation

plants possessing the greatest amount of water in their tissues

appear to be the most susceptible to rust. The stinmlating

effects of electricity, fertilizer and sterilized soil often prove

injurious by developing too high a water content in the tissues,

thus rendering them more susceptible to disease. Tillage,

manuring, irrigation, mulching, etc., are important factors in

securing vigorous plants, and go a long way towards rendering

them immune to certain diseases. An excessive amount of

moisture in the soil stimulates growth and often renders plants

more susceptible to fungous diseases, and a lack of water has

the same effect ; in fact, stimulation of various sorts may result

in weakening a plant and rendering it less immune to disease.

The life history of an organism presents different stages of

susceptibility or immunity to disease, corresponding to different

stages of development ; for example, young plants may be more

susceptible to certain diseases than older ones. Very young

seedlings often fall a prey to the "damping off" fungus, but

when they have reached a certain stage of development they

become immune to fungi, and the younger and less-developed

parts of mature plants are more susceptible than the older

parts. Vegetative rest and overmaturity are also favorable to

disease, while the conditions associated with isolation are un-

favorable for infection. Weakened plants are more susceptible

to disease than strong ones, and in most cases, if not all, vital

depressions are the real causes of disease. Vital depressions

are brought about by the abnormal conditions which modify and
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reduce the power of resistance, consequently the organism falls

a prey to the ever-present germ.

The causes underlying susceptibility are much better under-

stood than those of immunity. Why it is that the moment a

plant becomes weakened various organisms attack it, is not

fully understood. We have observed many instances of cer-

tain treatments weakening plants, and as a result it is surprising

to note the number of organisms which always attack the plant

a very short time afterwards. The changes which actually take

place in an organism in a depressed condition are not known,

but many of these may be of an abnormal chemical nature. It

is possible that these abnormal chemical changes stimulate

organisms to attack weakened plants ; that is, the loss of im-

munity increases the susceptibility of the organism to disease,

due to vital depressions in the plant, which may result in the

o-ivinff oft' of substances that act as a stimulus and attraction to

invading organisms. Briefly stated, susceptil)ility to disease

may be associated with chemotactic m-itability.

Some crops are probably rendered more susceptible to fun-

gous diseases by cultivation. The limitations of forcing have

undoubtedly been overstepped in some cases, and this is espe-

cially true of the carnation, which has been much troubled with

the wet and dry stem rots since the modern methods of forcing

have come into voo;ue.

In the case of outdoor crops, great differences exist in the

environment, due to climatic influences. The conditions may
be such that a disease constantly causes loss in one locality and

scarcely any in another ; and, while it may be necessary to

spray for a trouble in one State, in others no attention need

be given it. No doubt in some instances it would be wiser to

devote one's energies to cultivation, as a means of preventing

plant diseases, than to resort to the use of fungicides. Our

most skilled agriculturists, such as florists and market gar-

deners, seldom if ever resort to spraying, and in greenhouse

culture the use of fungicides is practically unknown. Certain

crops are gTeatly benefited by being sprayed with fungicides
;

but, on the other hand, there are crops which have been

sprayed for many years with little or no benefit as far as the

control of pathogenic fungi is concerned, and the money spent
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for spraying would in sucli instances be more wisely used in

methods of cultivation. Some of our best landscape gardeners

have advocated that, if $25 were to be used in planting a

tree, about $23.50 of it should be used for preparation; and

such advice is based upon the best agricultural practices. If

intensive agi'icultural methods were applied more often to the

growing of plants, pathologists would have much less diagnos-

ing of diseases to do.

Every influence which may in any way aflect plants should

be carefully studied. We should understand what influence

the chemical, physical and biological properties of soil, ma-

nures, fertilizers, air drainage, etc., have upon susceptibility

to disease. The plant organism is an extremely complex

mechanism, very plastic and responsive, and is continually

being acted upon by a number of forces or stimuli which in

turn produce a series of self-regulatory and correlative re-

actions. Undoubtedly in the future the control of plant dis-

eases will depend more upon breeding and cultural conditions

than now ; but for the present, spraying must be employed

when practicable for the control of diseases until something

better shall have been discovered.
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REPORT OF THE ENTOMOLOGISTS.

C. H. FERNALD ;
II. T. FERNALD ; J. N. SUMMERS.

Outline of Work.

The four divisions into which the entomological work of the

experiment station is naturally divided— correspondence, ex-

perimental investigations, special research and publication—
have each received their share of attention during the past

year.

The correspondence has been as large in amount as hereto-

fore. ]\Iany inquiries about many kinds of insects have been

received and answered as fully as possible : and in this con-

nection the printing of a number of circulars, treating of the

insects most frequently asked about, has greatly facilitated the

work, as a circular can be sent in a small fraction of the time

necessary to write out the same information, besides giving an

opportunity to send illustrations of the insects and of their

work.

Experimental investigations during the year have been along

numerous lines. Determinations of the resistance of different

crops to fumigation with hydrocyanic acid gas have been con-

tinued, and are now complete for the cucumber, and similar

tests for muskmelons are under way.

An extensive series of tests of different methods for the con-

trol of cabbage, turnip and onion maggots was also begun.

The cabbages, being the first crop on Avhich treatment was pos-

sible, were experimented with in nine different ways. Un-

fortunately, it soon became evident that no treatment of any

kind would be needed, almost no maggots being present either

in the check rows or in the field anywhere, so that the only

data of any value which could be obtained were those relative
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to the cost of different materials and the ease witli which they

were applied, leaving the question of their relative efficiency

for subsequent determination in other seasons.

Observations c-.i the dates of appearance of the oyster-shell,

scurfy and white pine scales have been made as usual, and should

be continued for a number of years, to obtain reliable averages

for use in spraying. Observations on the number of broods of

the codling moth have also been continued, and a more exten-

sive series of experiments with this pest is now being planned

for next season.

In 1906 the "blight" caused a large monetary loss in the

Connecticut River valley on the onion crop, and as this is

caused by a thrips, studies of the best methods of controlling

this pest were undertaken in co-operation with several large

onion growers. The main difficulty in this work seems to be

to devise a machine which will spray a number of rows at once

in a sufficiently thorough manner to destroy most of the insects.

This problem is now being worked upon, and with good pros-

pects of success.

The number of new mixtures produced for use against the

San Jos6 scale has necessitated many tests of these materials,

some of which seem quite effective, though expensive, while

others apparently are of no value. Thus far nothing tested

at this station which is reasonable in cost has excelled the lime

and sulfur wash, though a few trials of one substance arc quite

promising, and these will be continued during the spring of

1908.

Investigations on the work of cranberry insects and the best

methods for controllinof them have been continued in charoe

of a special investigator located at Wareham, and it is hoped

to publish the results of this work soon as a bulletin. At

the request of the Cranberry Growers' Association, sets of

cranberry insects and samples of their work are being prepared,

to be placed in different parts of the cranberry-growing region,

where they will be most easily accessible for examination by

growers.

During the summer the life history of the oriental moth was

carefully studied, and all stages of its existence were described

and photographed. In addition, a study was made of the local
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conditions where it occurs, and it was found that the limits of

its distribution, as akeady published, though approximately

correct, are not entirely so, the insect having been found in one

or two directions beyond those luuits. In most of the infested

territory the brown-tail moth is abundant, and spraying with

arsenate of lead was very general in that region last summer.

The result was also to destroy large numbers of the iarvee of

the oriental moth, the treatment being so eflective that in Au-
gust it was hard to find any of the caterpillars without making

a prolonged search.

These facts indicate that this insect is not likely to become

a serious pest. If it should become well estaljlished, however,

in some locality where no attention is paid to insect pests, it is

possible that it might cause considerable injury ; but in such a

case it is probable that a single thorough ti'eatment there would

be effective for several years. The Japanese name " ira-mushi,"

for this insect means " the nettle insect," and during the sum-

mer several reports of the nettling caused by the spines of the

caterpillars were received, indicating that, if this insect should

at any time become very abundant in an inhabited locality, the

residents there might suffer some inconvenience from its pres-

ence.

Massachusetts is close to the northern limit of the distribu-

tion of some insect pests and near the southern limit of others.

It seems probable that for some of these there are portions

of the State where these pests may be of miportance, while in

others they wnll require no attention. It is important that the

exact facts in this regard should be determined, and researches

have been begun to ascertain the localities in which comparative

immunity from certain pests may be expected. To obtain defi-

nite results on this subject will be the work of several years

and much correspondence, but it is hoped that when they are

obtained, directions can be prepared which will guide towns

in different localities in making their annual appropriations for

the protection of their trees, which will save many thousands

of dollars.

Three bulletins on insects (Nos. 114, 115 and IIH) have

been published during the year, besides numerous circulars

already referred to, these last being used only in answering
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correspondence. In addition, a number of other articles too

brief for bulletin material or not adapted for a pul^lication of

this nature have appeared elsewhere, and several more are nearly

ready for the printer.

Insects of the Year.

The year 1907 has brought many inquiries about different

insects. As heretofore, however, the San Jose scale has been

most prominent in the correspondence, followed closely by the

oyster-shell scale, plant lice,— particularly the woolly apple

louse,— the codling moth, the plum curculio as an apple pest,

the elm-leaf beetle and the apple maggot or railroad worm.

The elm-leaf beetle, after several years of comparative unim-

portance, is again becoming a serious pest. In 1900 and 1901

it caused much injury in the Connecticut valley and in eastern

Massachusetts, and in 1902 its work was also very noticeable.

In the spring of 1903 the beetles were abundant, large numbers

of egg clusters were found, and there was every promise of an-

other year of serious injury. Diu^ing May and June, however,

there was a drought so marked that grass dried in the fields

and the leaves of the elms became hard and tough and many
fell off. It was noticed that many of the egg clusters of the

elm-leaf beetle failed to hatch under these conditions, and that

the young larvae in many other cases seemed unable to bite into

the tough, dry leaves, so that the work of this insect in 1903

was unimportant. The following winter was unusually severe,

but whether this was also a factor in the result cannot be stated.

Whatever the cause, however, few elm-leaf beetles were present

in 1904, 1905 and 1906, though in the year last named they

were increasing in abundance; but last summer (1907) they

had become quite plentiful, at least in certain localities, and it

is probable that they will be as injurious as formerly in a year

or two, unless climatic Victors again cause their destruction.

Just how far the drought of 1903 was responsible for the

destruction of these insects it is of course impossible to say ;

but the abundance of unhatched egg clusters and the evident

struggles of the tiny grubs to break through the unusually

toughened epidermis of the leaves during that period are very

suggestive.
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The appearance of the leopard moth ( Zeuzera pyrina) in and

around Boston during the past year adds another important in-

sect to the list of pests with whicli Massachusetts must deal.

This insect has been quite abundant around New York City

for some years, but has not been reported from this State. As
a liorer in shade trees it is a serious pest, and its presence must

hereafter be taken into consideration by our city foresters and

tree wardens.

The brown-tail moth has continued to spread over the State,

but in those localities where it has l^een longest present it

seems to be becoming less serious and more generally attacked

by disease. Whether this condition will be permanent or is

only temporary cannot be determined now, but its permanency

is greatly to be desired.

The presence of the San Jose scale in the Housatonic valley

has been suspected for several years, simply because there

seemed to be no reason why it should not be present there.

Specimens of this scale from several localities in this region,

received during the past season, demonstrate its presence there,

leaving only the higher parts of the Berkshire hills and the

northwestern corner of the State as localities from which it has

not as yet been reported, and time will proljably add these

portions of the State to the list of infested regions.

The marked decrease in abundance of root mao:gots and cut

worms this year should be noted, Avhile the spruce gall louse,

squash bug and several kinds of caterpillars, all common pests,

appear to have been unusually abundant ; but on the whole

the year has been without a serious insect outbreak of any

kind.
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REPORT OF THE VETERINARIAN.

JAS. B. PAIGE, D.V.S.

Outline of Work.

The work in the veterinary department of the station natu-

rally falls under one of the following divisions : correspond-

ence, examination of specimens, and original investigations.

These merge so much one with the other that they are by no

means as distinct as the divisions would seem to indicate. It

not infrequently happens that tlu'ough correspondence atten-

tion is called to the existence of a peculiar disease among farm

• animals. Specimens are asked for, and forwarded for exami-

nation, which sometimes afford material for original investiga-

tions.

Correspondence.

During the past year letters have come to hand from people

in every part of the State, asking for information legarding the

sickness of individual animals, or perhaps regarding a disease

that has appeared in a herd or flock, affecting many animals.

Of necessity it is impossible to make a correct diagnosis in

every such instance, from the description of the case as detailed

by the correspondent. In other instances the symptoms are so

accurately given and of such a character as to enable one to

diagnose the case with certainty, and advise a specific course

of treatment. The correspondence work carried on with those

living in rural sections, where no qualified veterinarian is

accessible, has proven of such benefit to the farmers as to

warrant its continuance, notwithstanding the difficulties that

are encountered in arriving at definite conclusions as to diag-

nosis and treatment. When it is impossible to give definite

directions for the treatment of an individual animal, it is
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possible from the symptoms enumerated to recommend a line

of treatment, or general directions can be given which when
carried out make it possible for the stock owner to pursue

such a course as to prevent the spread of the disease to other

animals exposed, or to prevent its recurrence.

Examination of Specimens and Original Investigations.

For many years it has been the practice of the veterinarian

of the college to examine material from sick or dead animals,

and to report the findings to the one sending the specimen,

and advise a line of treatment for the individual animal or pro-

tection of the remaining animals of the flock or herd.

From an examination of such specimens as have been sent in

during the past year, a diagnosis has been made of nodular

disease of sheep, caused by the parasite oesophagostoma Co-

lumbianum, enterohepatitis of turkeys, verminous bronchitis

of sheep, fowl cholera, swine plague and other more common
diseases of a less serious nature. Through correspondence and

the sending of specimens a very interesting and quite uncom-

mon disease of poultry in this country was brought to the at-

tention of the department.

In January of the present year there arrived at the depart-

ment by express a dead fowl, which upon post-mortem examina-

tion exhibited some of the lesions of European fowl cholera.

Microscopic examination gave support to that diagnosis. To
confirm the same, a pigeon was inoculated with a small quantity

of blood from the heart of the dead fowl. After the lapse of

about twelve hours the inoculated pigeon was found dead. A
microscopic examination, together with culture tests, demon-
strated the presence of the fowl cholera organism in the blood.

Subsequent inoculations and examinations gave similar results.

Considering the seriousness of the disease, its rare occurrence

in this State, together with the possibilities of its rapid distri-

bution among flocks of poultry, through sale of birds and other-

wise, a visit was made to the farm from which the specimen had

come.

It was found that about two hundred birds were kept by the

poultryman, in two different flocks situated some fifty feet

apart. About one-half of the fowls had been raised upon the
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farm the previous summer. The remainder of the flock, con-

sisting of fowls and chicks, liad been purchased of a dealer in

live poultry the previous November. At this time all the birds

raised and purchased seemed to be in perfect health. The his-

tory of the outbreak is briefly as follows :
—

About Jan. 1, 1907, one morning the poultryman found,

upon going into the house containing the purchased stock, a

dead bird upon the dropping board. No sick fowls had been

noticed the day previous. During the next two weeks several

dead birds Avere found under conditions similar to the first.

Few or no fowls of the flock exhibited symptoms of sickness at

any time during the existence of the trouble. The loss con-

tinued, however, up to the middle of January, when the speci-

men was sent to the station. The total loss amounted to about

twenty per cent, of the entire flock. One morning three dead

birds were found under the roosts. At no time did the disease

appear among the fowls raised upon the farm. This is prol)ably

to be accounted for by the fact that the infectious material was

brought on to the place by the purchased stock, and that the

two flocks were kept entirely separate. As soon as a diagnosis

of the disease had been made, the poultryman was advised of

the contagiousness and seriousness of it, and the possibilities of

its spreading to other flocks in the neighborhood. He showed

a willingness to do all in his power to eradicate the disease as

soon as possible. At an early date all the remaining birds

in the infected house were destroyed, the house thoroughly

cleaned, fumigated and sprayed with a disinfectant solution.

The treatment was so heroic and so faithfully carried out that

there has been, so far as known, no recurrence of the trouble.

On April 18, 1907, a dead fowl from a farm on the opposite

side of the street to the one where fowl cholera had existed

was sent to the station.

An autopsy, supplemented by inoculation experiments and

microscopic examinations, resulted in a diagnosis of fowl

cholera, identical in every respect with that found to exist in

the fowls ko})t on the adjoining fjirni. There were from four

to five hundred birds on the place. A part had been raised on

the farm, a })urt purchased of itinerant dealers in live poultry.

The fowls were divided into two lots. About one hundred had
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the run of a large, dry, open barn cellar ; the remainder were

kept in a single long poultry house, divided into sections

with partitions of wire netting. Both lots were allowed free

range, all mingling together in one flock during the day.

It was learned from the owner on April 27 that the two

weeks preceding the date of sending the dead fowls to the

station (Aju-il 18), between fifty and sixty fowls, a part from

each flock, had died very suddenly. It was also learned that

during the winter of 190(3 about one hundred and twenty-five

birds had died from flocks kept in the poultry house and barn

cellar during that winter. No cause was found to account for

this large mortality. Taking into account the history of the

case and the symptoms exhibited b}" the birds as given by the

owner, it seems probable that the loss in 1906 was also due

to fowl cholera. There is no positive proof that this was the

case.

It was reported by the owner of the flock in question that

his birds frequently came in contact with fowls kept on the

opposite side of the street, and that individuals from both flocks

rano;ed over the same ground.

In dealing with the last and larger flock, circumstances did

not seem to warrant the application of the line of drastic treat-

ment that had been carried out with the flock dealt with earlier

in the year. Deaths had occurred among fowls kept in the

poultry house and in the barn cellar ; all had run together,

when the weather permitted their being outside the buildings,

and it seemed certain that the infection had liecome widely

spread about all parts of the farm in the immediate vicinity of

the buildings.

To arrest the spread of the disease, the owner was advised

to thoroughly clean all parts of the buildings with which the

fowls had come in contact, includino; a removal of the surface

soil from the barn cellar and pens in the poultrj^ house. He
was further advised to follow this cleaning with a liberal ap})li-

cation of a coal tar disinfectant and a fresh lime wdiitewash.

As a further precaution against the spread of the infection

through the medium of food and water contaminated with in-

fectious fecal matter, specially constructed automatic feed boxes

and drinking fountains were recommended. In addition, it was
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suggested that from five to ten grains of permanganate of potash

be added to each gallon of drinking water, the water to be sup-

plied fresh twice daily, and kept as free as possible from organic

matter, which destroys the antiseptic properties of the potash salt.

These measures, supplemented by frequent cleaning of houses,

disinfection of freces, etc., seem to have completely stamped

out the disease, as nothing has been learned of its recurrence.

Judging from the reports that have been made of the few

previous outl)reaks of fowl cholera that have occurred in this

country, it would seem that the two in question have been of a

mild type, for in each outbreak previously reported the spread

of the disease has been much more rapid and the mortality

greater, amounting in some instances to one hundred per cent.,

as is frequently the case with the outbreaks in Europe. The

successful treatment adopted in dealing with the second case,

which consisted of mild measures, also tend to show that the

disease was not of that virulent nature frequently met with.

Considerino; the few outbreaks of fowl cholera that have oc-

curred in this country, and the benefit to be gained from know-

ing the source of the infection in combating this disease, it is

to be regretted that the source of the contagion in the cases

under consideration could not have been determined. It seems

fair to conclude that it must have been introduced on one of the

farms through some of the fowls purchased of the traveling

dealers in live poultry.

Another interesting and, so far as can be determined, new

disease for poultry was brought to the attention of the depart-

ment through a communication from a poultryman on the Cape

in the summer of 1906. An investigation of the disease was

begun on June 27 of that year and concluded in October of the

present year. During this time a series of experiments have

been carried on at the college in conjunction with those con-

ducted at the farm.

The part of the farm given up to poultry culture consisted

in the main of a sand plain. A portion on which the chicks

were kept consisted of pure white cjuartz sand, and was devoid

of vegetation except for an occasional weed growing upon it.

This locality had many years previously been the site of salt

works.
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The present owner had built upon this location a poultry

plant with a capacity sufficient to handle from fifteen hundred

to two thousand birds. This plant consisted of poultry houses,

inculjator cellar, brooder houses, coops, etc. Everything about

the place, including equipment, was of the latest pattern and

of modern construction. The practice was to hatch chickens

in incubators and brood them under hens and in brooders. The

hens with chicks were kept in coops placed some distance apart

in yards. Several small yards were fenced off with wire net-

ting, each of Avhich contained a brooder of sufficient size to

accommodate from fifty to seventy-five chicks. The disease

never made its appearance among any of the adult fowls or any

of the young chicks except those brooded in brooders. Those

kept with hens in individual coops never contracted the trouble.

The mortality among the Ijrooder chicks usually ranged from

ninety to one hundred per cent. The loss of from three to five

hundred in a season was not an uncommon occurrence. It was

extremely rare that a chick once attacked ever recovered. In

some lots a few escaped contracting the disease, while others

of the same lot succumbed to it. It usually attacked chicks at

the age of three weeks, although those older or younger than

this were not exempt.

The first appearaqce of the troul)le was characterized by the

development of large serous or water blisters on the front and

upper parts of the featherless portions of the legs and feet.

After a period of twenty-four to forty-eight hours the blisters

would rupture and the serum escape. Frequently the affected

parts would he rubljed with the head, and as a result the feath-

erless parts of the head would become affected in a similar

manner to the feet and legs. An extension of the disease about

the head invariably led to an afiection of the eyelids, wliich

would become fastened together by the sticky exudate. The

ball of the eye was not involved. In some instances the head

would first l)ecome affected, later the feet and legs. Occasion-

ally it was found that the head or the feet alone would be the

only part involved. So far as known, the posterior part of the

leg or parts of the body covered with feathers never became

aflected. After rupture of the blisters and escape of their con-

tents the surface skin became dry and shriveled, after a time
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becoming detached, leaving behind the moist underlying vas-

cular tissues. These soon become covered with soil and en-

crustations of tissue and serum. Forced removal of these crusts

was followed by capillary hemorrhage and the formation of

new crusts. A shedding of the crusts frequently occurred as

the disease advanced. As a final result, all parts of the soft

tissue of the feet were destroyed or modified to such an extent

that the toes became bent upward, and the foot deformed so

that only the l)all of the foot would come in contact with the

ground when walking was attempted. In addition to the local

lesions, there were symptons indicating a considerable degree

of constitutional disturbance. Nutrition seemed at a standstill.

Growth was arrested, although there was a disposition to eat

and drink. The closing of the eyelids often made it impossible

for the chicks to take food or water, even though they were

disposed to do so. When the lids were separated the 1)irds

usually ate and drank ravenously until they became filled.

Numerous remedies had been employed for the treatment

and prevention of the troulile, but to no avail. The disease

made its appearance in each lot of chicks shortly after they

were placed in the brooders.

It was the opinion of the poultryman that the soil contained

some poisonous irritating substance that was accountalile for

the trouble, '\^^ly it should appear in brooder chicks and not

among those brooded under hens he was not able to explain.

To settle this matter a sample of soil was sul^mitted to chemi-

cal analysis, but nothing of an irritating or poisonous nature

was found.

The general course and character of the disease seemed to

indicate that it was the result of the local action of something.

It was suspected that it might be due to the heat from exposure

to direct sunlight. Experiments were made upon chicks by the

use of a lens to concentrate the sun's rays upon the legs and

feet, and it was found possible to produce upon experimental

chicks lesions identical with those found upon chicks brought

from the yards, even to the extent of producing a slight de-

formity of the toes, due to the contraction of the tendons and

the cicatricial tissue. An attempt was made to rear feathered-

legged varieties of chicks upon the same ground where there
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had been the greatest mortality, but owing to some mishap in

connection with the incubation of the eggs, the work along this

line was not completed. It is hoped to carry out this detail at

a later date.

As a practical remedy for the trouljle this poultr3anan has

had to contend with, it was suggested that all chicks be re-

moved to and raised upon an adjoining piece of ground suffi-

cienth" fertile to support vegetation, that would protect the

featherless and tender portions of the body from the heat of

the sun.

During the past summer this suggestion has been complied

with, with the result, to quote the owner's own words, under

date of Oct. 4, 1907 :
" That so far this season I have not had

a single case of sore head or feet, such as you know of, among

my chicks."

At present a series of experiments is being carried on to de-

termine the effect of poisons, used in tree-spraying work, upon

animals consuming forage o;rown beneath the trees.
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KEPORT OF THE METEOROLOGIST.

J. E. OSTRANDER.

In meteorology, where the work is in a large degree essen-

tially that of observation and tabulation, the records must be

continued from year to year without material chano;e, if the

results are to be of value for the purposes of comparison. As
the length of time covered by the records increases, the data

become more valuable, and the mean climatological conditions

can be determined with constantly increasing accuracy.

During the past year the work of this division has been a

continuation of that of previous years, and no material modifi-

cation has been made. Although efforts are constantly made

to increase the precision of the records, the general form and

rano-e remain unchano;ed.

The semi-daily observations, at 8 a.m. and 8 p.m., have

been taken regularly, and the results transcribed in the per-

manent record book. Many records from the self-registering

instruments have also been entered, to keep them compact and

accessible. The usual monthly bulletins, giving much of these

data, have been printed on the first of each month. These

are now mailed from the director's office instead of from the

printing office as heretofore, which involves a little loss in

promptness of distribution. The December bulletin will con-

tain a summary for the year, instead of the usual remarks.

The local forecasts have been received by telegraph from

the section director of the United States Weather Bureau, at

Boston, and the signals displayed from the flagstaff on the

tower. This division has co-opei"ated with the section director

in furnishing the usual voluntary observer's reports for each

month, and the snow reports during the winter season. The
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horticultural division has consented to keep a phenological

record during the growing season for the use of this division,

and a copy is furnished the section director at Boston.

The old thermometer shelter on the campus has 1)een re-

placed l3v a larger and more convenient one, and an under-

ground lead-covered cal)le placed for the purpose of providing

an electric light in the shelter. A second underground cable

is in place for connecting the tipping-bucket rain gauge with

the recording instrument in the tower. A specially designed

cover for the man-hole of the heating system, which is near

the rain gauge, has been secured. It is proposed to place the

rain ofausre on this cover in such a manner that the heat from

the man-hole will melt the snow which falls in the gauge, and

thus furnish a precise record of the time of the l^eginning and

endino; of snowstorms.

A maximum thermometer of standard pattern is the only ad-

dition to the instruments made during the year.

No change in the personnel of the observers has been made

during the year.
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INTRODUCTION.

In accordance with the provisions of the act relative to the

publication of the rej^orts of the Massachusetts Agricultural

College, passed by the Legislature of 1908, the report of the

experiment station, which is a department of the college, is

presented this year in two parts. Part I. will contain papers

of a popular character and will be given wide circulation. Part

II. will contain the formal reports of the director, treasurer and

the heads of departments, and papers of a technical character,

giving the results of investigations carried on in the station.

This will be sent to agricultural colleges and experiment sta-

tions, and to workers in these institutions, as well as to libraries.

Part II. will be ]-)u1i]ished also in connection with the report

of the secretary of the State Board of Agriculture, and will

reach the general public through that channel.

WM. P. BEOOKS,
Director.
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MASSACHUSETTS

AGRICULTUllAL EXPERIMENT STATION

OF THE

MASSACHUSETTS AGRICULTURAL COLLEGE,

AMHERST, MASS.

TWENTY-FIRST ANNUAL REPORT.

Part I.

Summary of Leading Conclusions.

WM. P. BROOKS, DIRECTOR.

The papers published in this part of the annual report are

designed to present the results of observations and experiments

in brief popular form and without unnecessary use of technical

terms. The articles in('lu<lod treat a wide range of subjects,

and each aims to make the ]n-actical conclusions prominent.

The full list of subjects will be found in the table of contents,

and those interested in any subject treated should read the

entire article on that subject, but for the possible convenience

of those who " read while they run " the more important of the

conclusions presented may be summarized as follows :
—

1. Corn can be raised on fertilizers in ]\rassachusetts at a

cost considerably below the usual market price.

2. Wheat bran is a cheaper feed for milk ]n'oduction than

alfalfa meal at prevailing prices.

3. Alfalfa as a forage crop appears to be worth trial.
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4. Tankage may, with advantage, be used in rations for pigs,

and the better grades of dried blood, in small quantities, in

rations for horses, calves and cows.

5. Molasses may, with advantage, be used, in moderate

amounts, as food for cows, fattening cattle, horses and pigs.

C. Varieties of corn which mature in this climate are to be

preferred either for fodder or for ensilage to the very late

varieties.

7. Wet brewers' grains, when they can be fed fresh, may be

used with advantage, in moderate quantities, under some con-

ditions.

8. It is often possible to obtain a given amount of plant

food in desirable forms at lower cost by the purchase and home

mixture of materials than by the purchase of ready-mixed fer-

tilizers.

9. Gluten feeds sometimes contain free acid and aniline col-

oring matter, but probably not in such quantities as to be

directly injurious, although manufacturers are urged to take

steps, to remove acidity and to give up the practice of arti-

ficiallj' coloring such feeds.

10. Farmers should be on their guard against feeds which

contain weed seeds, whether ground or unground, although

they are especially undesirable if unground. Farmers should

also use great care in the purchase of grass seeds, which not

infrequently are imperfectly cleaned.

11. Subjecting commercial samples or even home-grown lots

of seeds to a thorough process of separation, for the rejection

of impurities and light, imperfect seeds, insures more perfect

germination and stronger and better seedlings.

12. Onion smut may be largely if not wholly prevented by the

formalin treatment. A machine with attachment for carrying

out this treatment is described and illustrated.

13. A fungous disease of greenhouse radishes has become

common. This can be prevented by sterilizing the soil.

14. It is probable that the injuries to greenhouse crops due

to eel worms can be prevented by abundant sub-irrigation.

15. Xeither lime nor formalin ap]died to the soil have pre-

vented damage to greenhouse crops from eel worms, but sterili-
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zation and freezing, if thorougli, are effective. The introduction

of trap crops, such as mustard or rape, is useful.

10. Weeds in walks, roadways, tennis courts, and poison ivy

about trees or near houses or walls, can be destroyed by the use

of arsenic compounds, among the most effective being arsenate

and arsenite of soda.

17. Many weeds can be destroyed by spraying the foliage

with a solution of sulfate of iron, while some of the commer-

cial preparations are effective weed killers.

18. Some of the insects most destructive to greenhouse crops

can be destroyed by fumigation with hydrocyanic acid gas, and

such fumigation should be carried on on clear nights without a

moon, or on cloudy nights at a house temperature of 55° to 65°,

followed by complete ventilation and a rather low temperature

in the house the next day.



12 EXPERIMENT STATION. [Jan.

The Cost of a Bushel of Cokn.

WM. P. BROOKS, DIRECTOR.

The question is very frequently asked in this State whether

the 'farmer can afford to cultivate corn. The belief appears to

have been quite general for many years that corn can be pur-

chased more cheaply than grown. It is generally admitted

that our soils and climate are as a rule well suited to the crop,

but all over the State will be found landowners who are pur-

chasing corn to feed either to horses, cattle, hogs or poultry.

The results obtained in one of the fields of the experiment

station clearly demonstrate that corn can be produced at a cost

per acre considerably below the average purchase price. The

following brief account of the experiments will make this clear.

The Held in question contains 1 acre. This is divided into

four equal plots. One of these plots has produced twelve corn

crops during the last eighteen years. It has been seeded to

mixed timothy, redtop and clovers three times, the seed being

sown in the corn. In the years following seeding the plot has

been cut twice. The average yield for the six years, two crops

per year, has amounted to 4,88G pounds. For a number of

years at the outset corn was grown continuously, but the policy

followed during the past fourteen years has been to put the land

alternately into hay and corn, two years each.

Nature of ilie Soil. — The soil of this field is a medium

loam, consisting largely of very fine sand and silt. Soil of this

character extends to a depth of al)out 2 to 3 feet below the sur-

face, below which depth the subsoil is gravelly in character.

The gravel of the subsoil is of a type containing rather too small

a proportion of clay for road building. The subsoil, therefore,

permits perfect drainage. The surface soil, on the other hand,

is so fine in texture that it has good capacity to retain moisture,

and crops seldom suffer in dry weather. Previous to 1889 the
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field had been in grass for a nnml»Gr of years, and had been

used as a pasture. It would at that time produce about 30 to

40 bushels of shelled corn per acre, without manure or fer-

tilizer.

Fertilizers used. — There has been a little variation in the

fertilizers applied to the plot in different years, but throughout

the greater portion of the time the actual application per acre

has been as follows :
—

Pounds.

Nitrate of soda, 200

Diy ground fish, 200

Acid phosi^bate, 200

Muriate of potash, ....... 250

The market price of these fertilizers has varied somewhat

from year to year, but in the amounts used they have usually

cost from $15 to $18 per acre.

The Corn Crops produced. — The yields of corn on this

plot, under the above system of management and fertilization,

have varied from 29.15 bushels of sound shelled grain per

acre in 1893 to 90.23 bushels per acre in 1908. The yield in

189^ was much below the yield in any other year. This was

due in a large measure to the ravages of wire worms. The

average yield for the twelve years has amounted to 55.8 bushels

of shelled grain and 5,189 pounds of well-dried stover per

acre. The first two corn crops, 1891 and 1892, averaged at

the rate of 56.3 bushels of shelled grain and 4,013 pounds of

stover per acre. The last two corn crops, 1907 and 1908, have

averaged 72 bushels of sound shelled grain and 8,057 pounds

of stover per acre. The crop of last year was the heaviest

that the field has ever produced. This was no doubt due to

the fact that the season was exceptionally favorable for the

crop. The fact that the average crop of the past two years is

considerably greater than the average for the first tw^o years

makes it apparent that the fertility of the field is not declining.

Elements of Plant Food applied and reinoved. — A com-

parison of the total amounts of the leading plant food elements

applied to the soil and removed is of interest in connection

with the question as to what is the present condition of the soil,

as regards fertility, as compared with its condition at the time
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the experiments began. Supposing the substances applied and

the crops removed to have been of average composition, the

income and outgo of plant food elements per acre has been as

shown in the following table :
—

Plant Food Elements ai)plied and removed, per Acre.

Nitrogen (Pounds).
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the corn crops liave drawn upon the nitrogen compounds formed

when the clover roots and stubble decayed for a large proportion

of the needed sui)ply of this element.

The Labor Cost. — The acre of corn referred to in this dis-

cussion is laid out in plots, and is not managed under conditions

which have made it j)ossible to determine with any accuracy

what would be the actual cost of labor under the usual farm

conditions. The following estimate is based upon the labor

cost of producing a corn crop in fields of considerable size, suf-

ficiently free from obstructions to allow the free use of ma-

chinery :
—

Labor Cost of the Corn Crop per Acre.

Plowing-, ..........
Harrowing, three times,

Planting by machine, .......
Cultivating once with the harrow and twice with the weeder,

Cultivating with horse cultivator, three times, .

Cutting out weeds with hoes, once, .....
Cutting with harvester, and shocking-, ....
Husking- at 10 cents per bushel of shelled grain.

Total, $20 08

Additional Costs. — In addition to the fertilizer and labor

costs, we must include the following items :
—

For seed, $0 50

Annual tax on the value of the land, . . . . . . 1 50

Interest on the value of the land, 5 00

$2
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It is believed that all allowances in estimating the cost of corn

as grown in this field have been liberal. In many cases the fer-

tilizer has been purchased for considerably less than $18, and

can be so purchased for cash by the ordinary farmer. The labor

items are estimated at about what the farmer would be obliged

to pay for labor should he hire. The actual cost to the farmer

of team labor is undoubtedly less where he owns his own team.

Forty-five cents per bushel is much below the average price per

bushel at which corn is sold in our markets. It would seem,

therefore, to be perfectly clear that the farmer having land

suited to the croj) can in many cases much better afford to

raise corn than to purchase it. It is of course possible that in

some cases a man's land, capital and labor may be even more

profitably used in the production of other crops.

Conclusions. — These experiments clearly indicate :
—

1. That corn can be produced at a profit in Massachusetts.

2. That l)y the use of properly selected fertilizers and adop-

tion of a short rotation, making corn follow mixed grass and

clover, it appears to be unnecessary to use nitrogen fertilizers

in large amounts, at least on the better soils.

3. That the soil used in these experiments is not declining

in fertility, but, on the other hand, appears to be gradually

improving.

4. That both corn and hay can be profitably raised, at least

on soils of good physical characteristics, by the use of fertilizers

only.

5. The writer would not have the reader conclude that the

particular selection of fertilizers used throughout the greater

portion of the time during which this experiment has continued

will necessarily be the best under all conditions. Indeed, in

the light of all his previous experience in the selection of fer-

tilizers he would now be inclined to recommend the following

selection of materials as well suited for average conditions: —
to

I'ounds per Acre.

Nitrate of soda, 150

Dry ground fish, or hio'h-gi'adp tankage,

Acid i)hosphate, . . . . .

Basic slag meal, .....
High-grade sulfate of potash,

200

200

400

200
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The sulfate of potash and basic slag meal might with advan-

tage be mixed, and ap])lied in the autumn or very early spring.

The other materials should be mixed, applied after the prep-

aration of 'the soil is nearly finished and lightly harrowed in

just before planting the crop.
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Work in Animal Feeding.

BY J. B. LINDSEY.

Alfalfa Meal v. Wheat Bran.

The merits of alfalfa bay when early cut and well cured are

fully recognized by feeders of farm stock. Considerable alfalfa

bay is being ground, and offered both as a food for poultry and

as a substitute for wheat bran for dairy animals. The station

has made a study of the comparative merits of ground alfalfa

and bran for milk production, and briefly presents the results.

Composition of Alfalfa.

Alfalfa Meal
used in

Experiment.

Alfalfa Hay
for

Comparison.

Wheat Bran
for

Comparison.

Water (per cent.), .

Protein (per cent.),

Fat (per cent.),

Fil)er (percent.), .

Extract matter (per cent.),

Ash (percent.),

10.06

13.01

1.28

32.32

35.39

7.U4

9. 50

13.24

3.36

31.07

34.13

8.64

10.00

It;. 30

4.40

10.00

53.10

6.20

Alfalfa differs chemically from bran in containing rather

less protein, decidedly less extract matter and correspondingly

more fiber. Both have a high ash percentage, which renders

them well suited as food for young stock.

Orf/anic Matte?- digestible in 2,000 rounds.
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It will be seen that bran furnishes noticeably more digestible

protein, extract matter and fat than alfalfa; the latter has a

much larger' percentage of digestible fiber. Fiber is the least

desirable food nutrient to purchase, as it requires noticeably

more energy for its digestion than any of the other groups of

nutrients. Bran contains over 100 pounds more total di-

gestible nutrients to the ton, and, other things being equal,

should be regarded as a more economical food for milk pro-

duction.

Alfalfa Meal for Milk Production.

The station conducted an experiment with 6 milch cows,

and, from the results secured, concluded that pound for pound

wheat bran proved slightly superior to the alfalfa meal. Both

feeds act as slight laxatives and are well suited to dilute or dis-

tribute the heavy concentrates.

The Pennsylvania station made a similar experiment, and

stated: (a) "The results do not warrant the recommendation

of alfalfa meal as a substitute for wheat bran as a feed for

dairy cows at present market prices (bran, $20, alfalfa meal,

$23, per ton) ;
" (h) '' the alfalfa meal was less palatable, and

resulted in a decreased milk production in every case."

The writer can see no advantage in replacing bran by alfalfa

meal, for the reason that the quality of the latter, as measured

by the grade of the hay employed, is likely to vary considerably.

Late cut alfalfa has a low digestibility, and will prove decidedly

inferior to a good quality of bran.

AlfalFxV as a Forage Ceop.

For a number of years this department has had under obser-

vation a small lot of alfalfa (M? acre), growing upon a avoII-

drained, rather light loam. It has yielded from 3/4 to 4/4

tons of dry hay to the acre (15 per cent, water basis).

During the season of 1907 it was cut for the last time about

the middle of September. It did not grow as freely as usmil

thereafter, and went into the winter without as much of a

growth as usual with which to protect it. The early winter

being devoid of snow, the alfalfa was exposed most of the time

until well into January. A careful study of the field in the
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spring of 1908 made clear that from one-third to one-half of

the plants had died or had been serionsly weakened. During

the season (1908) the growth was cut three times; orchard

grass and couch or quick grass took the place of a large propor-

tion of the alfalfa, and comprised approximately one-half of

the yield, which was not weighed. "Winterkilling of alfalfa was

also experienced on other plats on the college farm. In spite

of the apparent tendency of alfalfa to kill out at intervals, it

is believed to be worthy of careful trial on well-drained farms

in Massachusetts, because of its heavy yields and value both as

a green fodder and as hay. (For method of seeding, fertilizing

and harvesting, see Bulletin Xo. 120, p. 37, and Circular Xo.

18, published by this station.)

Dried Blood and Tankage for Dairy Stock.

Tankage for animal feeding is prepared ^' from scraps of

meat of cattle and hogs (lungs, tendons, bones, etc.), cooked for

four hours in large steel tanks under 25 to 40 pounds' jires-

sure. . . . The tankage is then pressed, to remove the excess

of water and fat, after which the feed is dried and ground."

The highest grade contains from 50 to GO per cent, protein, 10

to 15 per cent, fat and 6 to 10 per cent, bone ash, and has a

noticeable odor. It is recommended chiefly as a supplement to

corn for feeding i)igs, in the proportion, by weight, of 1 part

tankage to 5 to 10 parts corn, and has been shown to be pro-

ductive of very satisfactory results. It seems probable that 1

part tankage to 5 parts corn could be fed to young pigs, and the

proportion of corn increased as the process of fattening took

place. This station fed Swift's digester tankage to cows in

place of twice the amount of high-grade distillers' grains, the

ration consisting of 4 pounds wheat middlings, 1 pound distil-

lers' grains and l^/o pounds tankage. The animals made no

objection to eating the tankage, in spite of its noticeable odor.

Frequent samples of milk Avere examined, both cold and at a

lukewarm temperature, but it was not possible to detect any

flavor or odor that could be attributed to the meat product. It

is not considered advisable, however, to feed such material to

dairy stock.

Di'iecl blood for feeding purposes is prepared by heating the

fresli l)lood (,r cattle and swine in large tanks at 212° F. The
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excess of water is removed from the coagulated mass by means

of heavy pressure, and it is then passed through steam driers

and eventually ground and bagged. As thus treated it appears

as ar friable powder of dark color and with only a slight odor.

For horses that are hard worked y^ to 1 pound daily of

dried blood, mixed with the corn, bran and oat ration, will

prove very satisfactory.

For calves, as a remedy against scours, the Kansas experi-

ment station recommends a teaspoonful of especially prepared

blood (soluble blood flour) added to each feeding of milk.

'For dairy stock the Massachusetts station has found dried

blood quite a satisfactory protein concentrate as compared with

cotton-seed meal.

The conclusions in this experiment were as follows:—
1. Dried blood contained about 85 per cent, protein, and

for cows in milk may be fed in amounts varying from 1 to 2

pounds daily, mixed vrith concentrates of vegetable origin. A
satisfactory combination for a day's ration for cows producing

10 quarts of milk may consist of 2 to 3 pounds wheat bran, 2

to 3 pounds corn or hominy meal and 1.5 pounds dried blood.

Other mixtures can be made containing blood as a substitute.

2. It is believed to be the part of economy to first utilize as

much as possible of the cattle blood product of the country as

an animal food, rather than to apply it directly as a fertilizer.

3. The present price of prepared blood, its lack of distribu-

tion in local markets and the ignorance of the consumer con-,

cerning its merits as a food have thus far prevented its general

use for feeding purposes.

]\Ioi-assp:s for Farm Stock.

In 1007 this station published Bulletin Xo. 118, bearing the

above title. Inasmuch as the edition is entirely exhausted, and

constant inquiries continue to be received concerning the use

of molasses as a food for farm animals, a very brief resume of

the bulletin may not be out of place.

Composition of Molasses.

The molasses offered for cattle feeding in New England is

the residue resulting from the extraction of sugar from the juice

of the sugar cane, and is imported from Porto Pico. It is
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composed of about 25 per cent, water, 6 to 7 per cent, ash, 2 to

3 per cent, crude protein, and the balance— 65 to 67 per cent.

— sugars and allied substances. The chief constituent of the

ash is potash (3 to 5 per cent.). The crude protein consists

largely of amid bodies, which do not serve the same purpose

as true protein. Fiber and fat are naturally not present.

Molasses has the same type of composition as corn meal, both

being low in protein and very high in carbohydrates. The dry

matter of molasses differs chemically from corn meal in con-

taining less protein with an inferior nutritive value, more ash,

and in having its extract matter in the form of sugars rather

than starch.

Relative Value of Molasses and Corn Meal.

Allowing a ton of Porto Ttico feed molasses to contain 1,100

pounds and a ton of corn meal to contain 1,470 pounds of di-

gestible organic matter, if the latter i*etailed at $30 a ton the

molasses would be worth $22.50 a ton, or molasses would have

75 per cent, of the value of corn meal as a source of digestible

carbohydrates.^

The Use of Molasses.

For Dairy Stocl-. — The station has conducted experiments

with molasses for dairv stock. The animals were in e'ood health

at the beginning of the experiments and no particularly favor-

able effect of the molasses was noted. A ration composed of 3

pounds wdieat bran, 1 pound cotton-seed meal and 3 pounds

molasses proved a desirable one. The molasses can be diluted

somewhat with water and mixed with the bran and cotton-seed

meal, or considerably diluted and sprinkled over the roughage,

or given in water as a drink. Being very deficient in protein

it must be fed with feeds rich in that ingredient, such as bran,

malt sprouts, brewers' dried grains, cotton-seed meal and gluten

feed. The writer would make the following general statement:

There is no particular advantage to he gained hy northern farm-

ers from the use of molasses as a food, for dairy stock in the

place of corn meal and similar carlioli ydrates. As an appetizer

1 Tlie partu'iilarly favorable effect which inolasses is siiiiposod to liavc upon the gem-nil

health of the aiiiinjil \h not incliidcrt in the above calculations; neither itoes the laek of iii"o-

tein as coniparetl with corn meal nor the extra cost and bother of handling molasses enter

into the calculations.
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/o?' cows out of condition, and for faciliiatiug the disposal of

unpalataJjle and inferior roughage and grain, 2 to 3 pounds of

molasses daily would undouhtedly prove helpful and economical.

For fattening Cattle. — Some 3 pounds daily of molasses

may Lc fed advantageously, especially during the finishing

process, when the appetite is likely to prove fickle. The object

at such time should be to make the food especially palatable and

thus induce a maximum consumption, and also to secure a

bright, sleek appearance.

For Horses. — Molasses is fed to a considerable extent both

in Germany and France, and most feeders consider it a valuable

addition to the daily ration. As a result of experience and a

review of the work of others the following opinion is expressed

relative to the place of molasses in the nutrition of horses: In

spite of tlie many reports favorable to the use of molasses for

horses, the writer is not inclined to recommend to northern

farmers its indiscriminate use in place of the cereals and their

hy-products. As an appetizer and tonic for horses out of con-

dition, as a colic preventive and for improving the palatahility

of rations, 2 to 3 pounds daily of molasses would undouhtedly

prove productive of satisfactory results.

Rations containing Molasses.

1.— Nicolas (French Origin). ^

Grain hulls, . . . .13 pounds.

I>ran and shorts, . . .13 pounds.

Molasses, ..... 3 pounds.2

Water, 6 quarts.

5.S

Dried brewers' grains, . . 5 pounds.
Hominy feed 5 pounds.

IMolasses, 2 iiounds.^

Hay, 1.5 to IS pounds.

5.3

Cracked corn.

Wheat hrau,

JMolasscs, .

Hay, . .

. 6 i)0uuds.

. 4 pounds.

. '2 ])0unds.2

15 to 18 jiouuds.

2. — Nicolas {French Origin),^

Grain hulls 13 pounds.
Bran and shorts,

Crushed oats,

Molasses, .

Water,

Crushed oats.

Cracked corn,

IMolasses, .

Hay, . .

Hominy feed.

Gluten feed.

Molasses, .

Hay, . .

J. 3

(7.3

4.5 jjounds.

G.5 pounds.

. 3 i)Ound8.2

f) quarts.

. 5 ])Ounds.

. 5 jjounds.

2 pounds.

2

1.") to IS jiounds.

7 jiounds.

. 3 jiounds.

. 2 jiouiids.'

. 15 to IS pounds.

1 Tlie grain laills arc si)rt'ad uiion the llooi-, sprinkled and mixed with onc-lialf of the

molasses (each i)ound of molasses is diluted with 2 (piarts of water). The bran and shorts

arc mixed in, after which the balance of the molasses, dissolved iu water is sprinkled over
the mass, which is once moie mixed and is then ready for use.

2 A (piart of molasses weiglis about 3 |)0uuds
3 Suggested by Lindscy for horses weighing 1,200 ))ound3 and doing moderate farm

work. Grain can be increased if work is strenuous, and hay somewhat reduced.
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For Pigs. — If molasses is used for the nutrition of pigs it

must be mixed with foods reasonably rich in protein. If skim

milk is not available, a combination by weight of 2 ])arts bran,

1 part gluten feed, 1 part corn meal and 1 part molasses, or 1

part tankage, 4 parts corn meal and 1 jiart molasses ought to

prove satisfactory. It is not believed there is any particular

advantage under ordinarv conditions for the northern farmer

to employ molasses for pig feeding other than as an appetizer.

About 1 pound daily of cane molasses per 100 pounds live

weight is the usual amount. A few ounces daily should be fed

at first and the amount gradually increased.

Eureka Silage Corx.

Eureka silage corn, a large southern dent, is considerably

used by farmers in jNIassachusetts for silage purposes and is

especially recommended by a large agricultural warehouse.

During the season of 1903 and 100-1 the station studied the

value of this corn on its own grounds, and in its report^ of the

two years' trials drew the following general conclusions: —
1. The corn grew to a height of 13 or more feet, and when

cut (Sei)tember 15) the ears were just forming. It contained

some 6 per cent, more water than Pride of the Xorth (a medium

dent that will mature its ears in our latitude), noticeably more

ash and fiber, and much less starchy matter. The analysis in-

dicated a very immature condition. The field-cured fodder con-

tained some C9 per cent, of water, against 38 per cent, found

in Pride of the Xorth under similar conditions.

2. The Eureka did not yield any larger ])roportion of leaves

than did the other variety. Of the entire plant, 07 per cent,

were stalk, as compared with 47 per cent, from the Pride of

the North.

3. While the Eureka produced one-third more weight of

green material to the acre than did the other variety, the latter

contained nearly as much actual food material. The excess

of yield of Eureka green coi-n, therefore, consisted of water. As

a result of the inquiry the northern farmer was advised not

to grow such late sorts as the Eureka, but to hold fast to those

1 Eighteenth rci^ort of Hie Hatcli Experiment Station, pp. 86-93.
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varieties that would reach maturity not later than September

10 to 15.

The writer was criticised at the time, it being claimed because

"of the lack of height of the corn (13 feet) that the land on

which the corn was grown was not sufficiently supplied with

j)lant food, and that the Eureka did mature its ears in central

and southern Massachusetts. In order partly to answer these

criticisms the station has grown the Eureka during the years

1907 and 1908. The land, in a fair state of fertility, was

dressed with manure at the rate of 6 cords to the acre, and in

addition a very liberal application of commercial fertilizer was

made. In neither season was it possible to mature the corn

on the station grounds. The corn reached about the usual

height, silked, and the ears were forming and showed kernels

about September 15. The ears form very near the top of the

stalk, which is not a desirable feature. The writer does not

question the veracity of parties who state that in central and

southern Massachusetts fields of this corn have produced more

or less matured ears. It is his belief, however, in view of

the coarseness and general immaturity of the plant under

average conditions, that it is not a desirable corn for Massa-

chusetts dairymen to grow. The farmer will do far better to

l^lant Teaming, Rustler's Minnesota dent, Pride of the North,

Longfellow and Sanford White. Such varieties will undergo

less fermentation and decomposition in the silo and will yield a

less sour and more nutritive silage.

Wet Breweks' Grains.

Wet brewers' grains contain 75 to 77 pounds of water in

100, and are practically all sold to farmers living in the imme-

diate vicinity of the brewery, at prices ranging from 10 to 13

cents a bushel. Assuming that 33 bushels weigh a ton, the cost

would be from $3.30 to $4 at the brewery, to which the cost of

cartage should be added. Four tons wet grains contain nutri-

tive material equivalent to that found in 1 ton dry grains, or in

1.1 tons wheat bran, or in % ton gluten feed. With this data

at hand, the purchaser of this material can calculate at what
price he can secure an equal amount of nutrients in the various

dry feed stuffs. The writer has not had any experience in feed-
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ing wet grains, but believes that 25 pounds is a fair allowance

daily for average-sized cows.^ In addition, 2 to 4 pounds dry

grain may be fed daily, such as a mixture of equal parts by

weight of (1) mixed wheat feed and gluten feed, (2) wheat

bran and fine middlings, or (3) wheat bran and corn meal.

The succulency of the w^et grains is a factor not to be over-

looked in estimating the value of the feed. It is not believed

that the wet brewers' grains are an objectionable feed stuff when

fed in a fresh condition and in moderate quantities. It must be

remembered, however, that they are likely to spoil easily,

excepting when the temperature is low, and the partly decom-

posed grains would not be considered suitable for producing

first-class milk. When milk is intended for the use of infants,

young children or invalids, it is better not to use the wet grains.

1 It is understood that 50 or more pounds are frequently fed dailj'. It is believed, liow-

ever, that the smaller quantity is preferable when the grains are fed continuously aud it is

desired to retain the same animals in the herd from year to year.
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Sour and Colored Gluten Feeds.

BY P. H. SMITH.

Gluten feed is, excepting the germ, the residnal ]n'oduct in

the manufacture of starch and glucose from corn. It is used

extensively in dairy rations, its sales being probably second

only to those of the wheat by-products. During the past season

considerable agitation has been caused by the condition of cer-

tain shipments of gluten feed, which had not only a decidedly

acid taste but were found upon examination to have been col-

tored with an aniline dye. The experiment station has, through

Mr. P. V. .Goldsmith, made a somewhat extended investigation

of the gluten feed found on the Massachusetts market, both as

to acidity and coloring.^ Some lots of feed were, if at all, only

slightly sour ; others were so sharply acid to the taste as to be

considered unpalatable. As a very dilute solution of sulfurous

acid is used to soften the corn before separating the starch, it

seemed probable that the sour taste was largely due to this acid.

On examination, however, it was found that neither sulfurous

nor sulfuric acid was present in sufficient quantities to account

for all the acid found. In the light of the evidence now at hand

it is believed that the acidity is due principally to the salts

of phosphorus, and that sulfurous acid and the sulfites are

present in such minute traces as not to be considered harmful.

It is not thought that the amount of acid present is in any way
injurious to animals. It is believed, however, that a more

satisfactory product would result if, before placing on the mar-

ket, the feed were treated in such a way as to leave only a

minimum amount of acid evident to the taste.

Coloring Matter. — Some 80 per cent, of the gluten feeds on

the market were fonud to be artificially colored with an aniline

1 See Pnrt II, of the report of this station, published under separate coyer.
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dye. The manufacturers claim that coloring matter is added

for two reasons: (1) to make the feed more attractive, and (2),

as both white and vellow corn are used, it is necessary to resort

to coloring in order to obtain a uniform product. The color

in gluten feed is present in only minute traces, and, while it

may not be injurious, the practice of coloring is believed to be

unnecessary. Buyers are urged to be governed largely by the

guarantee and taste and less by the color in purchasing gluten

feeds.
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Weed Seeds in Feed Stuffs.

BY p. H. SMITH.

Screenings are composed of the light, immature grain sepa-

rated from the good grain in the process of winnowing, to-

gether with such dirt, chaff, straw and weed seeds as may be

present in the grain as it comes from the field. It is quite

obvious that screenings may be of a very uncertain character,

depending upon the kind of seed making up the mixture, and

also upon the amount of other foreign matter in the grain as

received. Screenings are used with some success as a food for

sheep. An increasing amount of screenings is being used,

especially as a component of molasses feeds, and occasionally

with wheat middlings and other prepared cattle feeds. Flax

screenings have been ground and put on the market as flax feed.

While screenings are a legitimate by-product and of some feed-

ing value, they are inferior to the grains from which they are

derived, and much inferior to the high-grade protein concen-

trates. Their addition to any prepared feed can only tend to

cheapen it, and any feed on the market which contains any

considerable proportion of screenings should sell for a consid-

erably lower figure than the ruling price for standard goods.

Their use is objectionable for the following reasons: —
1. They are unpalatable, many of the weed seeds found in

screenings being decidedly bitter.

2. They are likely to carry considerable fiber, due to the

presence of straw, chaff and to the tough hulls of the weed

seeds. This fiber tends to decrease their digestibility.

3. They are a prolific source of weeds on the farm.

4. They are not usually sold on their merits, but are offered

in disguise by being mixed with feeds of better quality.
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5. Tlie price asked for such feeds at retail is quite out of

proportion to the original cost. Manufacturers of molasses

feeds are attempting, in some instances, to destroy the germinat-

ing power of the seeds by grinding. Farmers, is it good busi-

ness policy to buy weed seeds? Why carry coals to Newcastle!
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Common Weed Seeds in Grass Seed and

Cattle Foods.

BY G. H. CHAPMAN.

During the past two years the wi-iter has had occasion to

examine numerous samples of commercial feed stuffs and grass

seed for the purpose of identifying the various weed seeds con-

tained in them. The cattle feeds were examined for the De-

partment of Plant and Animal Chemistry, which is charged

with the execution of the feed law. The grass seeds tested

were mostly from samples sent by farmers and others. In the

case of the cattle feeds the seeds partly ground and partly whole

were added usually in the form of grain screenings, while those

contained in commercial grass seed are accounted for by im-

proper cleaning. Samples of wool waste used for fertilizer

purposes have been found to contain a considerable variety of

weed seeds, such as clotbur, bur clover, species of medicago,

alfalfa, rag-weed, plantain, red clover, wild turnip, corn-cockle,

etc. A person buying such a product should be very careful

to treat it with something which will destroy the germinating

power of the seeds before using it on the land. Treatment

with dilute sulfuric acid or some such reagent might be recom-

mended, but it is an open question as to the economy of such

a proceeding.

Some of the weed seeds found in foods and seeds are harm-

less, but by far the greater number are noxious, and not only

likely to choke out useful plants and grasses, but in themselves

are injurious to cattle when eaten in any large quantity. These,

however, are easily distinguished, and a description of them

will be given later. A great many of the weed seeds found in

cattle foods are undoubtedly digested and their germinative

power destroyed, but some of the varieties with thick, hard cell
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walls will pass through the digestive tract uniDJured and later

germinate.

The principal weed seeds found were as follows : corn-cockle,

charlock, Jimson weed, wild turnip, rib grass, broad-leaved

plantain, bindweed, lady's thumb, bouncing Bet, ragweed, medi-

cago, lamb's-quarters, green and yellow foxtail, curled dock,

bitter dock, crab grass, pigweed, darnel, clotbur, bur clover,

dodder, and occasionally others. Nearly all of the weeds men-

tioned above may be classed as noxious, and are a menace to

any farm. Three of them— corn-cockle, darnel and Jimson

weed— are harmful to cattle on account of the alkaloidal prin-

ciples they contain, and are poisonous to animals when eaten by

them in large quantities.

A detailed description of several of the more commonly oc-

curring weed seeds is given below, by use of which it is hoped

the reader may identify them when present in a feed or in

grass seed.

Charlock or Wild Mustard (Sinapis arvensis, L.).

—

Wild mustard is very often found in feeds and occasionally in

grass seeds. In appearance it is similar to rape seed, but much

smaller. It is a deep brown to dull black in color, and nearly

spherical in shape, and under a reading glass or hand lens the

surface of the seed appears smooth. In size the seed is about

Me of an inch or less in diameter. When growing in the field it

is easily recognized by its bright yellow flowers.

CoR^^-cocKLE, Cockle (Agrosiemma gitJiago, L.). — This

seed is very often found in feed stuffs, and when present in any

great number is injurious to cattle on account of the poisonous

alkaloid, sapotoxin, which it contains. The seed is roughly kid-

ney shaped, resembling " a rolled up caterpillar." In size the

seed is from Kg to %6 of an inch in diameter, and in color varies

from brownish black to dead black. The surface is rough, and

to the naked eye there seem to be parallel rows of minute

projections over the whole seed. When cut open the seed is

found to be filled with a mealy white substance, forming a

strong contrast to the black outside covering.

Jimson Weed, Jamestown Weed (Datura siramonium, L.).

— This weed is occasionally found as an impurity in commer-

cial products, and is very harmful to animal life on account of
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the poisonous principle it contains. It is, however, a very easy

matter to identify this seed when found, as its markings are

ChlARLOCK

CORN „,.,.,^,

COCKLE^*^ JIMSONWEEO
DODDER

RIB GRMSS BRACTED
PLANTAIN BIN DWEED

LADY'S
THUMB

BOUNCING BET
GREEN YELLOW

FOXTAIL

LAMB'S
QURF^TERS SH E1£I P

CURLED DOCK BlTTEP.3Qp^p^^j_
DOCK

Common Weed Seeds, magnified aljout Ten -Diameters.

characteristic. It is from Vs to %6 of an inch long and about

three-fourths as broad; shaped very much like a small lima
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bean. Its color varies from brown to black, and to the eye the

surface appears to be covered with small depressions of a roughly

pentagonal form, which give a wrinkled appearance to the seed.

This troublesome weed seed is, however, very seldom found.

Rib Grass {Flantago lanceolaia, L.). — The seeds of this as

well as of other varieties of plantain are very often found in

grass seeds as well as in commercial feed stuffs, but each is so

different in appearance that it is easy to recognize them, either

with the naked eye or by the help of a hand lens. The seed of

Plantago lanceolaia is shaped very much like a blunt, double-

ended canoe, the convex side being shiny brown to black in color,

and the concave side a little lighter as a rule. The seeds are

about Me of an inch in length. There is in this variety no trans-

verse line crossing the back of the seed.

Bkacted Plantain" {Plantago aristata, L.). — The seeds of

this variety of plantain are somewhat larger than those of the

rib grass but are of much the same shape, i.e., canoe shaped, but

are flatter. They vary in length from %2 to /^ of an inch, and

on the concave side are distinctly marked with a concentric ring

of light color enclosing an inner portion of a grayish white

color. They are brown on the convex side, and this side is

marked with a slight transverse depression, which is usually

visible to the naked eye and which is easily distinguished under

the hand lens.

Bindweed, Wild Buckwheat {Polygonum convolvulus, L.).

— This weed seed is probably the one that occurs most fre-

quently as an adulterant and impurity in feeds and grass seeds.

It is shaped like the seed of buckwheat, but is smaller, never

being over % of an inch long. In color the seed is jet black or

sometimes brownish black. Under the lens the seed appears to

be covered with very minute projections, giving it a roughened

apjDearance.

Lady's Thumb, Smaetweed {Polygonum persicaria, L.).

—

This seed belongs to the same family as the one just described,

and is often found as an impurity in grass seeds, etc. In shape

it is much like a flattened buckwheat seed, having two distinct

sides instead of three. In color it varies from dark, glossy

brown to black, and the surface is very smooth. The seed is
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about ViQ of au inch in length and has a width of about three-

fourths its length.

Bouncing Bet {Saponaria officinalis, L.). — This seed is

flattened, somewhat disk shaped, resembling a lima bean, and

of a dull black color. In size it varies from Yiq to %2 of an

inch in length. Under the hand lens the surface can be seen to

be covered with minute projections arranged in more or less

parallel rows along the long axis of the seed.

Green and Yellow Foxtail (Chcetochloa viridis and C.

glauca, L.). — The seeds of the two varieties are different in

size, although both have the same general appearance. The

seeds of both are flat on one side and very convex on the other.

In shape they resemble a double-ended canoe. They are usually

a little less than ^g of an inch long. The seeds of the yellow fox-

tail are usually somewhat larger and less convex than those of

the green, and the color of the seed is somewhat different. The

seeds of glauca are greenish yellow in color, while those of

viridis are from pale green to light brown in color. Under the

hand lens the convex side of the seeds is seen to be covered with

transverse wrinkles, which are much more prominent in glauca

than in the other.

Lamb's-quarters, Pigweed, Goosefoot (Chenopodium al-

hum, L.). — This seed is usually found whole, and on account

of its very similar appearance is likely to be confounded with

the true pigweeds. It is double convex in shape, and its diam-

eter is usually a little less than Yxq of an inch. In color it is a"

glossy black. Very often it is found incased in the hull or cover

in which it grows ; it is then gray in color, but has the same gen-

eral shape as the seed itself. By rubbing between the fingers

the covering may be removed and the shiny black seed exposed.

Curled Dock (Rumex crispus, L.). — The seeds of the

docks and sorrels are often found in grass seeds but are so

well known to most people that only a brief description of

them will be given here. The seed of the curled dock is a

little larger than that of the sorrel, being about %2 of an inch

long, and is shaped very much like buckwheat, but is relatively

rather broader at the base. In color the seed is a beautiful,

glossy, reddish brown.
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Bitter Dock (Rumex ohtusifolium, L.). — The seeds of the

bitter dock are very similar to those of curled dock, but are a

little narrower at the base. In color they are lighter, more of

a grayish brown, and are not so glossy as those of the curled

dock.

Sheep Sokrel {Riimex acetosella, L.). — This seed is

shaped like that of buckwheat, but is not nearly so large, meas-

uring only about Via of an inch in length. In color the seed

is dull reddish bro-wn. Under the hand lens the surface shows

rough, being covered with numerous small ridges and projec-

tions.

Dodder (Cuscuta sp.). — The last seed which we shall take

up in this article is that most noxious of all weeds, namely

dodder. This is a parasite form and chokes out all other growth

when well established. The seeds are very small, more or less

globular and of a light yellow or buff color. No other seed is

likely to be confounded with it, as it is smaller than any of the

clovers, and no other resembles it closely.

It is realized that the foregoing descriptions are meager, but

they are as simple and as full as possible without going into

the microscopical characteristics of each seed. Only a few of

the more commonly occurring weed seeds have been described

as lack of space j^revents a description of the numerous others

found in commercial products.
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Brief jNotes on the Weeds of Massachusetts.

BY G. E. STONE.

There is considerable historical data concerning the introduc-

tion of weeds and foreign plants in Massachusetts. Josselyn in

1672 mentions as many as forty species of European weeds

which had become more or less well established in New England

at that time. Some of the plants which he described were so

thoroughly naturalized that it was doubtful in some cases

whether they were indigenous or not, and this was particularly

true of plantain and white clover, which followed the footsteps

of the new colonists so closely.

In 1783 Dr. Cutler enumerated over sixty introduced plants

to be found in New England, and Dr. Bigelow in 1814-, in his

" Florula Bostoniensis," mentioned over eighty, while in 1840

the number had nearly doubled, and at the present time there

are about six hundred foreign plants which have been recorded

as found growing here and there in Massachusetts. From this

it appears that the number of introduced plants has increased

quite rapidly, and while a number of them are confined to

dumps, and have shown little tendency as yet to become estab-

lished, they deserve to be watched, as the history of some intro-

duced plants teaches us that they are capable of remaining

dormant for long periods and then suddenly becoming pests.

The golden hawkweed or paint-brush is an excellent illustration

of a plant of this description, since this species has existed in

New England for many years, and only comparatively recently

has spread to any extent, but is now becoming a nuisance. On
the other hand, the Russian thistle, which became disseminated

over a large territory a few years ago, and which caused much
concern among farmers, is seldom referred to at the present

day.

The introduction of foreign plants is constantly increasing.
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and will continue to increase, owing to our more extended com-

mercial relations with foreign countries. The only possible

way to check it is to restrict commercial enterprise, which it is

needless to say is an absurd proposition. At the present day we

import one thousand plants from foreign countries where years

ago only one was imported, and there is scarcely any section of

the globe with which we have not commercial relations.

The wool imported into our State comes from many sources,

and the wool waste, containing many foreign seeds, when thrown

out on dumps is responsible for many of our foreign plants. A
large number of manufacturers import their raw material, and

railroads are common carriers of weed seeds. Plants of this

description are sent to the station every year for identification,

and it is our purpose to have these preserved in the State herba-

rium, located at the college. Records are also kept of these

foreign plants for future reference.

Our weeds may be conveniently divided into the follow-

ing classes: first, those which are common to lawns, such as

dandelions, plantain, moneywort, etc. Second, those which are

common to grass lands, such as the white daisy, dock, sorrel,

wild carrot, witch grass, golden hawkweed, etc. Third, those

which are found in cultivated fields and gardens, like chick-

weed, pursley, shepherd's purse, etc. Fourth, those found on

roadsides and dumps, like burdock, ragweed and various others,

many of which are recent introductions. Eifth, those which are

common to pastures, often native plants, like sweet fern, etc.

Einally, the so-called native weeds, which under modern condi-

tions find favorable opportunities for growth. There is a con-

siderable number of the latter class which adapt themselves to

open places, roadsides, etc., and which are often troublesome in

fields. Many of these plants arc undesirable, that is, they are

often found growing where they are not wanted, and in this

sense are weeds. As an illustration of this type of plant may
be mentioned Potentilla frnUcosa, L., a native plant which often

becomes very troublesome in pastures in western Massachusetts.

Dr. R. M. Harper^ has recently given a tentative list of the

so-called native weeds which he has observed growing in south-

ern New England. The large open spaces which now prevail

J Torrey Bulletin, 190S.
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are undoubtedly the principal factors responsible for this class

becoming more common than formerly, and the changed condi-

tions of the soil, brought about by the constant deforestation

and cultivation, which have been the means of changing the

humus and water-retaining capacity of the soil, are also respon-

sible for the present distribution of many of our plants.
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Results of Seed Separation.

BY G. E. STONE.

The following tables show the results of some seed separation

tests made the past year. In the case of the parsnip seed, in

Table I., the seeds were cleaned, jnst as they came from the

field, with a winnowing machine, and were separated into four

different grades. The chaff and very small, imperfect seeds

were discarded and the three remaining grades tested. Two
hundred seeds of each grade were planted, with the following

results :

—

Table I.— Experiment with Sc^
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Table II. — SJwiving Results of
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Examination of Onion Seeds for Fungous
Spokes.

BY G. E. STONE.

In connection with our work in separating onion seed occa-

sional microscopical examinations were made of the filtered

residue from the seeds washed with hot water. Onions are

affected with various fungous diseases, and this examination was

therefore made for the purpose of determining what likelihood

there is of onion seed contaminating the soil with smut spores

;

or, in other words, acting as agents of infection.

The few examinations of seeds made show that there is much

foreign material adhering to them, and we found in all in-

stances numerous spores of onion smut and rust.

We hope to make a more extensive examination of onion

seeds in the coming spring, and if necessary shall give some

attention to methods of ridding seeds of infectious material

before they are planted.
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Bacterial Kot of Cabbage and Cauliflower.

BV G. E. STONK.

Severe outbreaks of this disease occur more often than for-

merly in IMassacbnsetts, and are often responsible for much loss.

The disease is cbaracterized by a rotting of the bead, wbicb

eventually becomes a slimy mass.

Little or no attempt bas been made to prevent tbis disease,

and tbe writer recommends tbat more attention be ffiven to tbe

rotation of crops. Another remedy consists in treating the seed

with formalin for fifteen minutes, at the rate of 1 pound (1

pint) to 20 gallons of water.
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CiiowN Gall.

BY 0. E. STONE.

The crown gall, which occurs on fruit trees and sonic other

l^lants, and which has been more common in other sections than

here, has been noted from time to time in this State. The last

two or three years much of the young stock in the college nurs-

ery has been infected, necessitating the destruction of quite a

large number of nursery trees. These trees were growing on

Doucin and Paradise stock and in some cases native stock has

shown infection. Much of the stock imported from other States

seemed to be infected with crown gall, and it is also known that

much of the EYiropcan stock is in a similar if not worse con-

dition.

When peach stones have been planted directly in the soil,

and the stock budded upon the seedlings, infection has followed,

and this is also true of seedling apple stock, apparently indicat-

ing that some of our soils harbor the germs of this disease.

Very little is known concerning remedies for this trouble;

neither is the full life history of the organism well understood,

but investigations of both are being made.
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The Preservation of Maple Syrup.

BY G. E. STONE.

Those who delight in the fresh and delicions flavor of new

maple syrup, and who care little for the fermented product,

will be interested in the fact that by the simple process of steril-

ization much of the flavor is retained indefinitely.

The writer often receives complaints in regard to the fer-

mentation and loss of flavor of maple syruj), and for some years

has sterilized it, with good results. There is much diflerence

in the specific gravity of the syrup sold, some grades spoiling

more quickly than others.

The fermentation of maple syrup is evidently due to the fact

that it becomes contaminated with organisms, and bv steriliza-

tion its freshness is retained. The ordinary blue molds— Peni-

cillium glaiicum. Link, aud Aspergillus glaucus, de Bary,—
are occasionally found growing in maple syrup, and one year

we found a number of flasks contaminated with Penicillium

hrevicaule, Sacc.

There is almost no limit to the amount of sugar which some

organisms will tolerate. HeahP and Poole ^ have recently dis-

covered a species of Torula in maple syrup, and their experi-

ments have shown that this species is capable of growing in a

75 per cent, solution of sugar.

> Twenty first report of the Neltraska Agricultural Exi)erinK)nt Statiou.
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Onion Rot.

BY G. E. STONE.

In some sections much damasre is occasionally done to onions

by the disease known as onion rot. Sometimes one-third or

more of the crop is destroyed, occasionally the whole, but in

most instances a much smaller percentage would represent the

loss. The diseased onions examined by us are generally af-

fected with either Botrytis or a species of bacteria and some-

times with both. The symptoms caused by both these organisms

are characteristic, and easily recognized by careful observers.

The rot may be distinguished in the field, but develops further

in storage, so that care should be taken to destroy the infected

onions before storing, if possible.

Some varieties of onions are said to be more susceptible to

the rot than others, and according to our observations unfavor-

able seasonal conditions induce the rot. The location of the

field is also an important feature, as well as the nature of the

soil on which the onions are grown.

Onion rot appears to be less jirevalent in dry than in moist

soil, and we have observed some features which would indicate

that it is not so severe on soil to wdiich commercial fertilizers

are applied, and which are, in consequence, deficient in organic

matter, as on soil fertilized with stable manure, and containing

more organic matter.

Onion rot was severe in some fields in 1907, resulting in

considerable loss. The summer of 1907 was very dry, but from

the latter part of August on an unusual amount of rain fell,

which undoubtedly increased the susceptibility of the crop to

this disease. On the other hand, the unusually severe drought

of the past summer and fall has no doubt been responsible for

the decrease in the amount of the rot.
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There appears to be at pvesent no outdoor treatment for this

trouble other than by obviating the conditions which favor the

rot. Some growers may associate this rot with that caused by

smut, but the rot caused by bacteria and Botrytis is quite dis-

tinct, and shoukl not be confounded with the smut.
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Onion Smut.

BY G. E. STONE.

Onion smut is known to be a verv formidable disease in cer-

tain sections of the United States, in some localities onion

growing having been abandoned on account of its prevalence.

It has not occurred so seriouslv in the Coimecticut vallev in

this State, where a large i)roportion of our onions are grown.

Onion smut has been known in J^Iassachusetts for many years,

Mr. Benjamin P. Ware having referred to the injury caused Iw

it in the Massachusetts State Board of Agriculture report for

18G9 and 1870. The disease appears to be on the increase now

in the Connecticut valley and onion growers are making efforts

to combat it. It is known that the critical period for infection

occurs in the early or seedling stage of the plants, and for this

reason onion " sets " are immune to the disease. The smut on

the young plants forms dark-colored or sooty masses, and on the

older, mature specimens it is very conspicuous. Since infection

takes place in the early stages of the seedlings, any method which

will kill the smut spores which happen to be attached to the

seed or are dormant in the soil will prove beneficial. The for-

malin treatment is cheap and efficient, niid when smut is trou-

blesome this remedy should be applied.

The past year we have devised a simple and inexpensive

formalin drip which can easily be attached to any onion sower,

treating the seed in the drills. The tank which carries the

formalin is made of copper, although other metal will answer

as well, and the one we have constructed for our purpose is 12

inches long and 7 inches high and holds 1 gallon. It can be

made larger if necessary, and it is so simple that any tinsmith

can construct it. It has an opening at the top, with a cover,

and a flexible block tin tube provided with a wheel valve is at-

tached to tli<' biittoiii :iiid I'ciiiilatos the flow of tlio foviiialin (see





Fig. 2.— Showing Copper Tank
with Flexible Block Tin Tube
and Valve.

Fig. 1.— Showing a Formalin Drip attached to a Planet Junior

Seed Sower.
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Figs. 1 and '2). The flexible tube allows an easy adjustment,

by Avbicli means the formalin drip can be directed wher-

ever needed. The shape of the tank is triangular in cross-

section and it is constructed so as to be about half an inch lower

in the center of the bottom, where the drainage tube is attached,

than elsewhere, so that it is easily emptied.

From repeated trials of this machine it is found lliat the flow

of the tank is nniform, and when the valve is ])roperly adjusted

no further adjustment is necessar3^ The tank is held in place

by iron bands fastened to the woodwork. A immber of onion

growers who have been troubled with smut have treated their

seeds with formalin the past year or two, and our seed sower,

wuth the formalin drip attachment, was loaned to those who

wished to try it, with very favorable results.

It is necessary to use oidy a small quantity of formalin, —
just enough to wet the seeds and a portion of the soil one inch

or so either side of the line formed by the seeds. We found by

actual experiments that 1 gallon would cover about 1,000 feet

in length of drill. The strength of formalin employed for this

pnrjDose is 1 pound (pint) of commercial formalin to 30 gal-

lons of water (1 part to 240), or 1 ounce of formalin to 1 gal-

lon of water (1 part to 128). Some have used 2l/o quarts of

formalin to 50 gallons of water (1 i3art to 80).
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A Disease of the Kadish.

BY G. E. STONE.

A greenhouse disease of the radish, caused bj a fungus

{Ascocliyta sp.), has been brought to our attention a few times.

In one instance a large number of plants were affected. The

fungus attacks the young plants, in some instances quite se-

verely, and the same fungus is known to cause injury to seed-

lings.

We are unable to find any reference to this fungus occurring

on the radish, neither does Saccardo give the radish as a host

for any of this genus. It may, therefore, be an nndescribed one,

although we have not attempted to compare it with sjDecies af-

fecting other plants.

For the purpose of determining whether this infection came

through the soil, or whether the seeds were responsible for it,

experiments were made at our station by Mr. A. Y. Osmun
and ]\Ir. Ealph Watts, who were working in the station labora-

tory at that time, with the following results :
—

One box of soil was taken from the infected house and planted

with seeds from the same lot as those used for the infected

house. Itesult, all plants diseased.

One box of soil from the infected house, sterilized, was

planted with seeds taken from the same lot as those used f(jr

the infected house. Result, only one plant infected.

The same experiment repeated. Result, no diseased plants.

One box of soil taken from the infected house and planted

with experiment station seeds. Result, plants infected.

One box of experiment station soil planted with seeds taken

from the same lot as those used in the infected house. Result,

no infection.

From these experiments it is evident that the disease germs

were in the soil and not associated with the seed, and that
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sterilization of the soil would prove an efficient remedy for this
disease.

Ivhizoetonia, a sterile soil fungus which is more or less

troublesome to lettuce, occasionally injured radishes, causing- a
rot below the surface of the ground. Sterilizing the soil is also

eifective for this trouble.
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Celemy CRO^^^N^ Rot.

BY G. E. STONE.

During the summer of 1907 our attention was called to a

disease which we found to be doing- much damage to celery. The

affected crop was in a small field near the proprietor's house.

As a result of this disease the income from the crop fell from

$400 to $25.

Recent investigations of the crop in the field showed that the

disease had spread to other parts of the farm and had become

quite a serious trouble the past summer (l',)08). The disease

appears to be confined to this one farm, as far as we know at the

present time. It is not particularly noticeable when the plants

are young, except to one familiar with this crop, but as the

plants grow older, and later stages of the disease appear, they

assume a sickly, yellowish appearance, and become stunted in

their growth. A few plants slightly affected may grow long-

enough to be marketable, but the majority never exceed 3 or 4

inches in height.

If the crown is split open longitudinally a dead area will be

noticed, extending to the tap root. In the more advanced stages

a cavitv is formed, eontainino; a brownish, gummv substance

which is usually moist and slimy within. The early stages

show simply a brown or blackish area extending to the tap root.

The disease apparently extends to the smaller roots, as is evi-

dent from the discolored veins traceable through various parts

of the root system. In severe cases the rot may destroy the

whole crown, and infection will follow up the celery stalks,

causing the whole plant eventually to collapse.

On this farm 3 acres of celery were planted this year, and

all but Yi acre was affected more or less severely. The small

plot which showed the disease severely last year was not planted

this year, with the exception of three rows for experimental

purposes. Examinations of these three roAVS after they had
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been planted a few mouths showed practically every plant af-

fected and about 85 per cent, already dead. Those still alive

were not over 2 or 3 inches in height.

To the west of this plot !/> acre was planted to Golden Self-

blanching, and although the plants had been set out for only

three weeks the disease was quite prevalent among them. The

plants adjoining the plots affected in 1907 were very much

more severely affected than those further away. On a slope

sonic distance from this plot about 2 acres w^ere planted to

Golden Self-blanching, Albany Market and Boston Market, and

this field contained numerous affected plants, although the

disease here was not so marked. Golden Self-blanching seemed

to be affected most severely, while Boston Market was troubled

the least. On a plot further removed from the original source

of infection % acre of Golden Self-blanching was planted. This

appeared to be entirely free from the disease. The seed used

was obtained from two Boston firms, but no difference in sus-

ceptibility was shown.

The early plants, which Avere most seriously affected, were

raised in sterilized soil in hotbeds, and no disease made its ap-

pearance among the few plants which were left in this ster-

ilized soil, which would seem to indicate that infection did not

come from that source. The i)lants taken from seed beds in

fhe open ground, in which unsterilized soil was used, showed a

little of the disease, and the j^lants left in these seed beds sub-

sequently became infected.

The soil in which this celery grew had up to this time pro-

duced good crops. It had received heavy dressings of horse

manure, and commercial fertilizers had been applied freely.

Observations made of the affected plants in both seasons show

that the trouble is caused by bacteria, and little difficulty is

experienced in isolating them. The symptoms of this disease

do not coincide with those of any previously described. It

seems to have originated on one piece of land on this farm and

spread from this to the different fields, and from the fact that

no disease occurred on the plants loft in sterilized soil it would

seem that the germs must be in the field.

A study is now l)oing made of this trouble, both in the lab-

oratory and in the field.
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Ekl AYokms on Lettuce {Ileterodera radiclcola

(Greef.), Mull.).

BY G. E. STONE.

There was recently sent into the station a number of small,

greenhouse-grown lettuce plants which were badly infected with

eel worms. A^jparently the whole crop in a large house was

similarly affected. It is quite unusual, so far as our observa-

tions go, for eel worms to attack lettuce, the only other instance

being about ten years ago, in a greenhouse which had been used

for growing lettuce and cucumbers in the usual rotation for

some time ; that is, two or three crops of lettuce were grown in

the fall and winter, followed by a crop of cucumbers in the

sjDring and early summer. We have frequently grown lettuce in

soil which was badly infested by eel worms without the slightest

indication of root infection. This has been the experience of

many growers, inasnnich as eel worms occur in numerous

houses devoted to lettuce growing.

In the house previously referred to as being contaminated

with nematodes^ ten years ago, the lettuce plants were infected

only once, notwithstanding the fact that eel worms were in the

soil for quite a time both before and after this infection.

The nematode^ {Ileterodera radiclcola (Greef.), Midi.) is

known to affect a very large number of plants, and it evidently

has decided preferences as to its host. Such plants as cucum-

bers, melons, tomatoes, roses, violets, mustard, rape, etc., are

always susceptible, but why eel worms should attack lettuce

only at certain periods, nnd thou severely, is a mystery.

A recent correspondent writes ns from the south that his

carnations have been badly affected by eel worms, but we have

* Nematodes are also known aseol worms.
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never heard of any similar affection occurring in onr northern

greenhouses. Onr extended observations on these worms con-

firm us in the opinion that there are many peculiarities asso-

ciated v/ith their habits which are not well known at the present

time.
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Influence of Water on Eel Wokms {Ileterodtra

radiclcola (Greef.), Miill.).

BY G. E. STONE.

In some subirrigation experiments with tomatoes, M^iieh

have been carried on here for some years in connection with

the blossom end rot of the fruit, observations of the roots have

shown that the presence of considerable water in the soil for

any length of time has an injurious effect on eel worms. Our

observations on the plots which were subirrigated, and which

contained more soil jnoisture below the surface than the top-

watered plants, showed that the eel worms were always rare,

in most cases entirely absent, whereas the roots of the top-

watered plants, growing in soil of a like character, showed nu-

merous galls. These observations were made on several crops

of tomatoes.

Further experiments were made under our direction in the

Avinter of 190(3-07, in 8-inch boxes, by Mr. David Larsen, at

that time a student assistant, to demonstrate the injurious ef-

fects of water on eel worms. These experiments were con-

ducted as follows :
—

Two boxes were filled with soil contaminated with eel worms

and were i)lanted with cucumber seed, one box being arranged

in such a way as to allow a free passage of water through the

bottom, and set in a galvanized iron tray filled with water to

the depth of !/{> inches. By this means the bottom soil was

ke])t quite moist, while the surface remained comparatively dry.

The other box was surface watered, and the soil contained less

water. A uiiiiibcr of cucinnber seeds were planted in each box,

and everv few davs some of the plauts were removed fi-oui

the boxes and the roots examined. This experiment was con-

tinued for ten weeks, and in every case upon examination the

plants in Ihe box immersed in water showed roots free from
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eel worm galls, while the top-watered plants, which were grow-

ing in more or less dry soil, were in all cases severely infected

with eel worms. This experiment was repeated, with similar

results.

In some correspondence relating to eel worms Dr. Ernest

Bessey of the United States Department of Agriculture recently

informed us that the same effects had been observed by him in

the south, along river banks where the soil is inundated for a

brief period of time each year. This application of excessive

amounts of water to the soil for brief periods may prove to be

a practical method of ridding the soil of this pest, and it may
follow that liquid manure containing refuse contaminated with

nematodes may be safely employed on roses and other crops

if the manure is left in water for a sufficient period of time.
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Influence of Lime on Eel Wokms {Heterodera

radicicola (Greef.), Miill.).

BY G. E. STONE.

Various writers in florists' and gardeners' jonrnals have for

years advocated the use of lime for destroying eel worms in the

soil. In one of our earlier pnblications^ we have given the

results of tests made of a large nnmber of substances, among

others lime. Our former as well as our more recent experiments

have shown that lime has little or no effect upon eel worms, as

was evident from the fact that we were able to keep them alive

in a saturated solution of lime water for some days. When
sugar was added to the lime, making saccharate of lime, the

results were quite diiferent, the latter solution killing them.

Undoubtedly the application of lime to greenhouse soil improves

it by modifying its acidity, but eel worms will thrive in soils

which are not acid.

For many years we have been experimenting with boxes of

soil contaminated with eel worms, and have treated them in dif-

ferent ways. In one experiment, started Oct. 8, 1901, and

continued to 1907, two boxes were used, having the dimensions

of 5 by 5^ by 14 inches. Both boxes were filled with soil con-

taminated with eel worms. The soil in one box was treated with

about 200 grams of lime, thoroughly incorporated. The other

box was treated with 2,000 cubic centimeters of water contain-

ing 100 grams of sugar and 100 grams of slaked lime. The

results of these experiments, which extended to 1907, are as

follows :
—

The first three crops showed abundant eel worm galls on the

roots. Then 60 grams of lime were added to the box con-

taining lime, and incoriiorated with the soil. Seven subsequent

1 Bulletin No. 55, Hatch Experiment Station, 18US.



UOd.] PUBLIC DOCUMENT— Ko. U. 5^

6rops showed galls on the roots in both boxesy the limed boxes

sometimes showing a less and sometimes a greater number of

galls on the roots than the box treated with saccharate of lime^

In another experiment, started July, 1904, made with con^

taminated soil in three boxes 8 by 8 by 8 inches, we obtained

the following results :
—

Box No. 1, contaminated with eel worms, did not receive any

treatment.

Box ISTo. 2, similarly contaminated with eel worms, was

treated with 400 grams of lime thoroughly mixed with the soil.

Box 'No. 3, similarly contaminated, was treated with 15 cubic

centimeters of formalin, which was poured into a hole in the

soil 4 or 5 inches deep, the hole being covered over to allow the

formalin vapor to permeate the soil. After treatment the boxes

were planted wath melon seeds, or those of some other very sus-

ceptible plant, and the roots examined for galls. Only three

crops were grown in these boxes and the galls were present on

the roots of the plants in each case. From these experiments

it is evident to us that lime and formalin have little or no eifect

on eel worms in the soil ; at least in the proportions which we
used. The amount of lime used, however, was considerable in

this last experiment, and when thoroughly incorporated with the

soil was sufficient to give it quite a little color.

While there are many chemicals which will kill eel worms,

it would not be advisable to use them, since they will cause

injury to both plants and soil. In some of our former experi-

ments with eel worms, described in Bulletin No. 55, the forma-

lin method was tested on free-moving forms of the worms, with

the result that they succumbed in a few minutes when subjected

to the vapor, but we were not successful in applying formalin to

soil containing growing plants without injuring them. Of late

years formalin has been recommended as a remedy for eel

worms on violets. This is used by applying it to holes made
in the soil where the plants are growing. The formalin being

volatile, the gas penetrates the soil and is said to kill the worms.

Our experiments with it would not seem to warrant the use of

this method of treatment, as formalin is injurious to plants,

and there is reason to believe that it would not affect in the

least the eggs of eel worms, which are fairly well protected by
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a resistant covering. If applied strong and in sufficient quan-

tities it might destroy many of the free-moving forms. When
the female has become encysted in the roots of the violet plants

it is difficult to conceive how she can become affected without

causing injury to the plant.

Formalin as a remedy for soil organisms has been recently

recommended by Prof. A. D. Selby^ of the Ohio Agricultural

Experiment Station. The strength recommended is 1 to 200,

or 2 pounds (2 pints) of formalin to 50 gallons of water. It

is recommended that 1 gallon be applied to each square foot

of soil surface. This may be applied by any sprinkling device.

Repeated applications of the formalin are made when the crop

is removed and at a time when the soil is more or less moist.

It is necessary that the soil should not be used for at least

two weeks after the application of the formalin. Professor

Selby recommends applying the formalin at intervals of a few

hours, and the soil should be stirred for a few days after the

applications.

While this treatment is recommended by Professor Selby for

such organisms as Rhizoctonia and Sclerotinia, which cause

lettuce rots, it is believed not to be applicable for eel worms,

since it apparently does not succeed in destroying the more

resistant eggs.

The methods of destroying eel worms in greenhouse soil, with

which the writer has experimented for many years, are as

follows :
—

Sterilization. — This is one of the cheapest and best methods

of destroying eel worms in greenhouse soil. It is necessary that

the soil be heated to at least 180° F. and a higher temperature

is better. This is accomplished by driving steam through the

soil by a system of perforated pipes.

Freezing. — If the soil is frozen for any length of time the

eel worms are destroyed, and some use has been made of this

method by practical growers. As a rule, the soil is removed

from the house and frozen in bulk out of doors.

Desiccation. — Drying the soil is destructive to eel worms,

but it is difficult to dry soils sufficiently in deep benches to make

I Circular No. 57, Ohio Agricultural Experiment Station.
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this method effectual. The application of unslaked lime, how-

ever, will materially aid in drying the soil, by virtue of the

water-absorbing qualities of the lime.

Inundation. — The effects of water on eel worms have al-

ready been alluded to, and in some instances inundating or

flooding the soil might be successful.

Trapping, or the Catch-crop Method. — It has been found in

Germany that sowing very susceptible crops, like mustard or

rape, on soil contaminated with eel worms, and, after the fe-

males have become encysted in the roots, pulling up the plants

and exposing them to the drying rays of the sun, is capable of

reducing the worms to some extent in contaminated soils. We
have found, however, that two or three catch crops are much
better than one.
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Effects of Chemicals on Yegetation.

BY G. E. STONE.

A general interest is manifested by the public in weed ex-

terminators, or substances which will destroy noxious growths

in soils or water, and a number of different preparations have

been recommended. Some of these have proprietary names,

such as Herbicide, Weedicide, etc., and the proprietary prepa-

rations which we have tested have proved to be valuable.

There are numerous chemicals which will kill vegetation,

and in exterminating noxious growths it becomes necessary to

employ different substances and a variety of methods of ap-

plying them. The writer has carried on a series of experiments

with various chemicals covering a period of years, and many
of the proprietary weed killers and other substances have been

tested, as well as various methods. The results of some of these

experiments are given in the tables which follow.

In the experiments reported in Table I. the plots used were

one-twentieth of a square rod in size, and were arranged on a

small tract of land which had occasionally been mowed with a

lawn mower, and which was well covered with various grasses

and clover, intermixed with plantain and dandelion.

Different chemicals were employed, usually at the rate of 1

part to 20 parts of water. In the case of the gasoline we used

a different ratio, and the water mixture was, of course, a me-

chanical one. The substances were applied at the rate of 10

gallons to the square rod, which, when put on in the proportion

of 1 to 20, would be equivalent to applying 4 pounds to 10 gal-

lons of water. These experiments were made in June, 1901,

and the observations recorded were made at different periods

for two months.
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Table I. — Showing the Effects of Chemicals upon Vegetation.

No.
of

Plot.
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disappeared in a few weeks. No. 5 was treated with a com-

mercial arsenite of soda, and No. 8 was only one-third as strong

as No. 7. These tests show that the arsenic compounds are

many times more effective than any of the other substances em-

ployed. The carbolic acid gave the quickest results, but this

substance appears to affect merely the foliage of the plant. In

some cases this treatment is all that is necessary to destroy

weeds, while in others it is of little value.

Salt as a weed killer loses some of its reputed efficiency when

compared with the arsenic compounds ; nevertheless it is ca-

pable of injuring vegetation, as may be seen where large quan-

tities are applied to electric railroad beds in the winter to clear

the tracks, or to sidewalks to help in removing the ice. There

are instances of valuable shade trees being injured by the ap-

plication of salt, and even the salt-water drainage from dairies,

when allowed to j)ass close to trees, has been known to destroy

their roots. Salt is not, however, very toxic to most plants,

and its principal 'action consists in plasmolysing the cell. If

applied at all it should be put on in hot, dry weather.

The series of experiments shown in Table II. was conducted

in the same general way, but different chemicals were employed.

The observations recorded were made at different periods for

two months.

Table II. — Showing the Effects of Chemicals upon Vegetation.

No.
of

Plot.
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Of the treatments shown in this table, Kos. 1, 3, 4 and 11

gave the quickest, most effectual and permanent results. Nos.

5, 6 and 12 proved about as effective, but in this experiment the

effect was not so permanent. The arsenic sulfide in this case

was dissolved in an alkaline solution of potassium sulfide. Ob-

servations made one year after treating the various plots showed

that there was little or no permanent injury to vegetation in

any case. The nitrate of soda, when applied at the strength

given, was not permanently injurious, and what injury was

caused to grass at first was quickly followed by a marked change

in color and greatly stimulated growth. jSTeither were the ef-

fects produced by sodium sulfide, copper sulfate and niter cake

of any value from the point of view of permanency.

It was not the purpose of this experiment to test the relative

poisonous effects of these substances on vegetation; nor would

this method be accurate enough for the purpose. It should

also be borne in mind that one test can only be an indication of

the relative merits of the chemicals used ; moreover, there was

considerable difference in the purity of the chemicals used.

There are many different grades of crude chemicals on the

market, and with the exception of corrosive sublimate every-

thing which we used was a crude commercial chemical. These

in some instances differ in their composition. It is, therefore,

impossible for us to state whether Nos. 1, 3, -l and 11 would

always prove to be superior to Nos. 5, G and 12. It would

require a series of exjjeriments under similar conditions to

establish reliable data, but in all probability there is very little

important difference in the relative efficiency of these arsenic

compounds as regards their toxic effect on vegetation. Some of

the proprietary poisons on the market for killing weeds are

arsenic compounds, probably in most cases arsenate of soda.

Their purity may not in all cases be as high as some of the

grades we used, but this is not an objection and may be an

advantage, since the crude forms are cheaper, and are efficient

enough for all practical purposes.

The writer has used many chemical substances for extermi-

nating weeds in lawns, walks, on tennis courts, railroad tracks

and other places, and is well aware that a variety of results is

obtained from the use of the same substances under different
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conditions. We have employed extensively the Weedicide man-

ufactured by the Bowker Fertilizer Company, with excellent

results.

Some other experiments were made on some plots composed

of sand and gravel containing growths of Panicum sanguinale,

Panicum crus-galli, Poa annua, chickweed, dandelion, pepper

grass, Poman wormwood, pursley, sorrel and pigeon grass.

These plots were treated with formalin, salt, crude potash,

benzine, gasoline, carbolic acid and arsenate and arsenite of

soda, with similar results to those already mentioned. The ar-

senate and arsenite of soda destroyed all plants quickly and

with quite permanent effect, while the other compounds were

more or less effective for the foliage, but failed to be of value

in preventing new growths. Carbolic acid, as before, gave the

quickest results, and formalin in the proportion of 4 to 400

proved to be superior to salt.

The following results were obtained from several treatments

of a driveway more or less troubled with a variety of weeds.

Parts of the driveway were treated respectively with white

arsenic and sal soda, commercial sodium arsenate, carbolic

acid and lead nitrate, in the proportion of 1 to 20 and at the

rate of 10 gallons per square rod. The latter solution proved

to be of little value, and while carbolic acid destroyed the weeds,

a new crop appeared shortly afterward. The arsenate and ar-

senite of soda were both very effective.

Numerous comparisons of the arsenate of soda and arsenite

of soda, made by dissolving white arsenic with equal parts or

more of sal soda in water, seemed to favor the latter somewhat.

The driveway referred to had been treated with arsenic com-

])ounds about four times in ten years, and the absence of weeds

is quite noticeable. Where the wash in the highway accumu-

lates on this drive a few weeds occasionally appear, and this

is also true of ditches along highways which have been treated.

It is noticeable in one case that a ditch put through a driveway

which had been treated for weeds grew up luxuriantly to weeds,

due to the fact that the bottom soil of the ditch was placed on

top in filling it in. We have observed that when walks and

di'ivoways have received a few treatments with arsenic com-

pounds, applied at the rate of 2 pounds to 10 gallons of water.
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and about 10 gallons applied to the square rod, weeds are not

likely to come in again for a few years.

A few applications will kill poison ivy about trees, near

houses, on walls, etc., but only large trees should be treated,

otherwise injury to the tree might result. The treatment of a

space 2 feet wide around a large tree will not injure the tree.

This method of treating ivy in the open fields and mowings is

not advisable, as it is too expensive, since the amount necessary

to kill ivy in such locations would render the treated land use-

less for several years. The best way to exterminate ivy in

mowings is by j)lowing up the land and planting it for a few

years.

In one experiment where we made applications of arsenate

of soda, carbolic acid, white arsenic and sal soda to a mowing

filled with ivy, at the rate of 1 to 20 and 10 gallons to the

square rod, we found that the ivy was not permanently exter-

minated, although both the ivy and grass were temporarily

killed. The plots treated with white arsenic and sal soda

showed the efi'ect of the treatment six years afterward, but it

did not kill out all the ivy or all the grass. Four other plots

of poison ivy were treated with 10, 20, 30 and 40 per cent,

solutions of crude nitrate of soda, at the rate of 10 gallons per

square rod. This treatment destroyed the grass and the tops of

the ivy plants soon after application, and the stronger the

solution used the more marked was the effect. A month later,

however, all the plants showed a deep green color, and the

grass and ivy thrived more luxuriantly than before.

From these experiments it is evident that arsenic compounds

are the most effective poisons for plants.-^ Solutions of such

substances as arsenate and arsenite of soda, corrosive sublimate

and arsenic sulfide are most effective ; they penetrate the soil to

some extent and kill the roots. It would appear, moreover, that

these substances do not leach out of the soil like some others

and are for this reason probably more permanent in their ef-

fect. There are other substances which are effective in destroy-

ing foliage, and for the complete elimination of certain weeds

they do the work.

• Prof. L. R. Jones, who has experimented with various weed killers, found certain

arsenic comiiounds liest adapted for killing M'eeds. Twelfth Annual Report, Vermont
Agricultural Experiment Station, 1889.
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We may therefore consider weed exterminators imder two

heads : those which particularly affect the root system and those

which affect only the foliage. Some of the latter type will be

dealt v/ith subsequently. The use of chemicals for killing

weeds is practical in many cases. They are useful, also for

killing ivy about stone walls, around houses and trees, on tennis

courts, driveways, etc. The writer has applied them on lawns

close to buildings, to save the expense of hand trimming. About

3 or 4 inches of the grass adjacent to a building may be treated

without any injury to the appearance of the lawn, and much

saving of labor in hand trimming results. In treating walks

care must be exercised in running the solution close to the

edge of the lawn and not touching the grass. Eor this pur-

pose the writer has used an ordinary sprinkling can with a

special attachment on the spout to confine the flow to narrow

limits. Tennis courts need, as a rule, to be treated only around

their edges, where the weeds and grass are more likely to come

in, and two or three treatments made on succeeding years

should keep the courts practically free from weeds. This

treatment is applicable to paved ditches, highways and drives,

and the difficulties arising from the grass growing on electric

railways, causing slippery rails, may be obviated by a treatment

of a narrow limit near the rails. Care should be exercised,

however, in using weed killers too extensively, especially near

the feeding roots of valuable shade trees.

The writer has frequently treated walks near which shrub-

bery grew closely, as well as large trees, with arsenic com-

pounds, but in such cases there is a likelihood of injuring only

a small part of the root system, if any, and such injury would

be merely local, of course, and of small consequence.
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Substances and Methods used in ExTEiiivirNATiNG

Weeds.

BY G. E. STONE.

"Weedicide", " HerUcide", ''Weed Killer", etc. — The

preparations bearing proprietary names, snch as Weedicide,

Herbicide, etc., are, so far as we have bad occasion to examine

them, thoroughly reliable products, and the manufacturers make

no extravagant claims for them. Probably all of these contain

arsenic compounds; at any rate, when applied to walks, tennis

courts, etc., they destroy noxious weeds, and when apf)lied in

sufficient quantities new growth is checked.

Sulfate of Iron, Copper Sulfate, etc. — Sulfate of iron is

extensively used in the west in exterminating weeds in grain

fields. It is employed in the eradication of mustard, Canada

thistle, ragweed, etc. Copper sulfate, common salt and sodium

arsenite are also used for this same purpose. Prof. H. L. Bol-

ley, who has experimented a great deal with these chemical weed

killers, has used them in the following proportions for the exter-

mination of weeds in grain fields : iron sulfate at tlie rate of 75

to 100 pounds to 52 gallons of water; copper sulfate at the rate

of 12 or 15 pounds to 52 gallons of water; common salt at the

rate of % to % barrel to 52 gallons of water; and sodium arse-

nite at the rate of 1% pounds to 52 gallons of water. Since

sodium arsenite is more poisonous than the other substances it

is a question whether it should be used in the hay field and

places where stock is likely to feed.^

Professor Bolley gives the following list of weeds which are

amenable to treatment by means of chemical sprays : false

]ihlox, wormseed mustard, tumbling mustard, common wild mus-

tard, shepherd's purse, pepper grass, ball mustard, corn-cockle,

1 Bulletiu No. 80, North Dakota Experimeut Station, liW8.
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chickweed, dandelion, Canada thistle, bindweed, plantain,

rongh pigweed, kingliead, red river weed ami rag-weed cocklebur.

For treating dandelions— and plantain is susceptible to some

extent— be advises spraj'ing a lawn with iron sulfate, at the

rate of lYs to 2 pounds of iron sulfate to each gallon of water.

J. L. Stone ^ found that wild mustard could be destroyed

in grain fields when treated with a solution of copper sulfate,

at the rate of about 10 pounds to 40 gallons of water, without

injury to the crop.

Prof. L. R. Jones ^ found that salt at the rate of 3,000

pounds per acre would kill orange hawkweed in mowings, and

it may be mentioned that this weed is becoming more common
on highlands in this State. It is advisable that these spraying

treatments be given in bright, sunshiny weather, when the

temperature is relatively high.

Climax Lawnsand. — This is a weed killer put out by the

Boundary Chemical Company, Ltd., of Liverpool, Eng., and

has been sold the past year by some of the leading seedsmen.

It is a finely powdered, dry chemical, and when applied in

bright, dry weather is said to kill daisies, plantain, moss and

other weeds having spreading surface roots and rough, hairy

leaves, to which it can adhere. At the same time this lawn

sand acts as a fertilizer, promoting a luxuriant growth of grass.

According to Mr. G. H. Chapman, who made an examination

of its chemical constituents in the laboratory, it contained over

66 per cent, of sand, which acts as a carrier, together with iron

sulfate and nitrate of soda. The eifects of the nitrate of soda

were plainly apparent on lawns after this had been used. They

recommend the use of 28 pounds to 100 square yards to de-

stroy weeds. For daisies and moss it is recommended that

from 3 to 5 ounces be api>lied to the square yard, and for

dandelions, plantain, thistle, rib grass, etc., they recommend

the application of one heaping teaspoonful to the cro\vn of each

plant, the amount depending upon the size of the plant. Some

tests of this substance made on various woods showed, as might

be expected, since it contains sulfate of iron, that it destroys

certain weeds, while the grass in the treated plots was stimu-

1 P.ullctin No 2I(;, New York (Cornell) Aurrioiilf iiral Kxiiorinicnt Station, 1904.

2 Bulletin No. 5(i, Vermont Agricultural Experiment Station, I'JOT.
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lated to quite an extent. Not enough tests were made, however,

to fully determine the value of this substance, but from the few

which were made, and from a knowledge of its constituents, it is

safe to say that it will no doubt be found useful in exterminat-

ing certain classes of weeds.

Special Device for killing Weeds. — A recent device for de-

stroying weeds on walks and drives is known as the Buckeye

Weed Burner. This consists of a boiler mounted on two wheels,

weighing about 350 pounds, pushed about by hand. The burn-

ers are supplied with air under 30 pounds' pressure. It is

claimed by the manufacturers of this contrivance that roots,

seeds and foliage are destroyed more quickly and cheaply than

can be done by hand. The machine is also used for melting

snow and ice on drives and sidewalks in winter.

A few vears aeo an electric weed killer was devised for de-

stroying weeds on electric railroad tracks. This consists of a

powerful dynamo mounted on a railroad truck and propelled by

steam. A series of small wires led from the dynamo to the

ground, and when these wires came in contact with the plants

they were electrocuted. This weed killer has apparently not

been extensively used, and perhaps did not prove to be satis-

factory. It is very evident that it would require a very power-

fid electric discharge to kill weeds in this way.

Various devices have been descriljed for killiuo; weeds bv

injecting chemicals into them, but it is a question whether

spudding and hand pulling would not kill them as cheaply.

Other Methods of I'illing Weeds. — There are many reliable

methods of destroying weeds other than by the use of chemicals.

The oldest and most valuable method is by cultivation. Besides

the use of the cultivator and hoe, which are of great value in

destroying weeds and benefiting the soil, gang plows and dif-

ferent types of harrows may be used. For the permanent

destruction of weeds, however, much depends upon the method

used, the amount of cultivation and the time at which the cul-

tivating is done. The practice of rotating crops and the plowing

up of mowings and keeping them in a state of cultivation for a

few years constitutes one of the most valuable methods of re-

moving certain noxious weeds.

Pasturing land containing noxious growths with sheep or
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Angora goats is beneficial, and the early mowing of grass lands

contaminated with weeds is also effective in certain cases, as it

destroys them before they go to seed. In other cases hand pull-

ing or spudding must be resorted to.

Heavy mulches applied to cultivated soil are a most excellent

means of exterminating weeds. This method can be used on

beds of shrubbery and to some extent on garden crops, in

orchards and in the case of young shade trees, although mulched

plants, in our estimation, wall not make the growth of those

freely cultivated. Cultivation also conserves the soil moisture

and is valuable in more ways than one. Mulching with tarred

paper has also been recommended for the extermination of

poison ivy and other plants. This method of exterminating

plants is based on the principle of excluding the light, thereby

preventing the formation of plastic materials and the storage of

reserve substances, although the tar has toxic properties in

itself.

The practice of comi:)osting manures and allowing them to

heat is said to be quite beneficial in destroying weed seeds and

the spores of certain jDathogenic fungi which may be in the

manure.

For holding weeds on lawns in check a very imj)ortant fea-

ture is first to have a deep loamy soil to support a good growth

of grass. Seeding heavily is excellent for crowding out weeds,

and the application of fertilizers in midsununer and reseeding

is also good. Many lawns are troubled with certain weeds be-

cause they become too dry, and ajiplications of water are bene-

ficial, although the w^ater would be much more efi^ectual if it

could be applied below the surface. Finally, some weeds in

lawns may be destroyed by allowing the grass to remain uncut

for a short time, the high grass crowding out the weeds.

Undoubtedly one of the greatest sources of weeds in mowings

and cultivated fields is the use of unclean seed, and too much

emphasis cannot be laid on the necessity for using seed free

from noxious weed seeds. It is difficult to separate some weed

seeds from grass seed, and little or no attempt has been made

to separate the noxious weed seeds from much of the seed put

on the market.
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Fumigation Dosage for Forcing Crops.

BY H. T. FERNALD.

For four years experiments have been continued on the resist-

ance of different crops raised under glass to hydrocyanic acid

gas. These experiments have been completed for the tomato

and cucumber, and it seems desirable to summarize at this time

the results obtained bv W. V. Tower and C. W. Hooker, who

conducted the exj^eriments.

The insects most often present in greenhouses in Massachu-

setts are the white fly, thrips and plant lice. The latter may be

neglected here, for any treatment effective for the first two

named will also destroy the plant lice. Dr. Morrill has shown ^

that the white fly can be destroyed by fumigation with from

.007 to .01 gram of potassium cyanide per cubic foot for three

hours' time after sunset, and Dr. Hinds' experiments- indicate

that this strength will, in all probability, destroy thrips also.

How much the plants themselves can stand, however, has been

unknown with any certainty, varying results having been at-

tributed to differences in the conditions of the experiments.

What these differences are, how much influence they have,

and what strength of fumigation the plants can withstand with-

out injury under all these conditions were accordingly the ques-

tions to be determined. For this j^urpose tomatoes were selected

for the first crop to be tested, the more common greenhouse

varieties grown in Massachusetts being used.

The plants were raised in accordance with the methods of the

most successful growers in the State, and experiments were

made with them at ages of six, seven, eight, nine and eleven

weeks, the last fumigations being given while the crop was

ripening. No effect of the treatment upon the fruit could be

1 Technical Bulletin No. 1, Hatch Experiment Station, Massachusetts, p. 50, 1903.

2 Bulletin No. 67, Hatch Experiment Station, Massachusetts, p. 11, 1900.
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discovered, and tomatoes gathered the morning after fumiga-

tion were eaten with a relish by all who did not know to what

the fruit had been subjected.

The conclusions reached from the exj)eriments are as fol-

lows :
—

1. Eumigation during sunlight cannot be practised without

resulting in the serious injury or death of the plants.

2. Fumigation during cloudy days is very unsafe at best

and is not advised.

3. Fumigation on moonlight nights is also unsafe, frequently

resulting in considerable injury.

4. Good results are obtained by fumigation on clear nights,

without a moon, or on cloudy nights.

5. The best results are obtained by fumigation on clear, dark

nights, with a house temperature of from 55° to 65° F., fol-

lowed by complete ventilation for from fifteen to thirty minutes

and a rather low temperature in the house the next day.

G. Plants fumigated while drops of water remain on them

are likely to be injured ; fumigation should therefore be given

only to plants not so recently watered as to have leaves or stems

still wet.

7. The moisture in the house (humidity) should not be high,

to obtain the best results.

8. Under the conditions named in NTos. 5 and 7, fumiga-

tion for tomatoes, using .01 gram of 98 per cent, potassium

cyanide for each cubic foot of space for a period of forty min-

utes, should insure satisfactory results, and the time with

cucumbers could safelv be extended to an hour and a half with

advantac:e.

In general, the experiments show that with tomatoes the

period during which fumigation can safely bo applied to the

plants is hardly long enough to more than kill the adult white

fly, but a repetition of the treatment three times at intervals of

two weeks should be effective. With cucumbers, treatment can

be prolonged with safety, but it is doubtful if the eggs can be

destroyed, using a safe strength of the cyanide, and for this

reason repetition of the treatment as with the tomato is

desirable.
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Insects of the Year.

BY H. T. FERNALD.

The year has been an interesting one, not becanse of any

serious outbreaks giving an unusually good opportunity for a

study of such pests, but because of the large number of species

which have caused injury in different portions of the State.

The San Jose scale still holds the center of the stage, its

spread being rapid through the orchards and among ornamental

trees and shrubs of various kinds. The unusually dry summer

and fall and the unusually late continuance of warm weather

have been distinctly favorable for this insect, an extra brood

having made its appearance in a number of places. As a

consequence, many plants first infested late in the season have

begun the winter with a large number of partly developed scales

on them, and these promise to seriously affect such plants next

year. The same influences seem to have also favored other scale

insects, all of which have been much in evidence.

The weather conditions have also been advantageous for plant

lice, which have been unusually abundant. Among these the

spruce gall louse has perhaps attracted particular attention,

judging from the correspondence, though the woolly apple louse

has also been much in evidence both on the branches and on the

roots of the trees.

The elm-leaf beetle has been extremelv abundant and destruc-

five in most parts of the State. Its work was very irregular,

however, for while some places suffered severely, adjoining

towns, in some cases, showed but little injury. In general, the

more southerly towns of the State and others not lying more

than three or four hundred feet above the sea level were most

infested, while the hill towns suffered but little or not at all.

Cutworms, wire worms and root maggots appear to have been

less abundant than for several years, while the squash bug,



76 EXPERIMENT STATION. [Jan.

squash-vine borer, and pear-loaf blister mite have been iiniis-

uallj plenty, and the rose bug was present in considerable

numbers.

In 1907 the green-striped maple worm was very abundant in

portions of the wooded areas west of the Connecticut River.

During the past summer it was several times reported, but

apparently was of less imjiortance.

Early in the fall complaints began to come in of the destruc-

tion caused in forest areas in western ]\Iassachusetts by a cater-

pillar, which upon examination proved to be Heierocampa

guttivitta. Walk. This insect has been known for over fifty

years, and is generally distributed through the Atlantic States.

During this time, however, it has never caused any appreciable

injury and has therefore never received any common name.

Two years ago, in Maine, it became quite injurious, and this

year was very abundant in N^ew Hampshire and, as already

stated, in western Massachusetts, and it is at least probable

that more will be heard of it during 1909. What conditions

have led to the sudden appearance of this insect as a pest after

years of obscurity cannot be determined, but it is likely that

these conditions will assume control again in two or three years

and the insect in consequence become unimportant.

The oriental moth is now present over a larger territory than

at the last report, but has not thus far shown any indication of

becoming an important pest.

The discovery of gypsy moth egg clusters at two or three

places in the Connecticut valley last spring indicates that sooner

or later this insect may be found in all portions of the State.

With complete extermination impossible this is only to be ex-

pected, and hope of controlling this pest by other than pro-

tective measures in the residential districts depends upon the

success of the attempt now being made to establish effective

parasitic and predaceous enemies of this pest in Massachusetts.

During 1907 the brown-tail moth seemed to be held in check

by a fungous disease. The warm, dry weather this last summer

was presumably unfavorable for the disease, as has been shown

to be the case with similar diseases of other insects. Whatever

may be the cause, the brown-tail moth was unusually abundant



1909.] PUBLIC DOCUMENT— No. 31. 77

last fall, particularly to the north of Boston, and the leaves on

many acres of woodland were turned brown by the ravages of

this pest. Unless the summer of 1909 be wet, or some other

adverse factor appears, next year is likely to witness a large

increase in the abundance of this insect.
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CUARLES R. Gkeen, B.Agr., Librarian, Mt. Pleasant.

Rose J. Brown, Secretary, Draper Hall, Massachusetts Agricultural College.

William K. Hepburn, Inspector, Feed and Dairy Division, Sundei-land.

Roy F. Gaskill, Assistant in Animal Nutrition, Massachusetts Agricultural College.

R. C. LiNDBLAD, Observer, 20 South College, Massachusetts Agricultural College.

Jessie V. Crocker, Stenographer, Department of Botany and Vegetable Pathology,

Sunderland.

Harriet Cobb, Stenographer, Department of Plant and Animal Chemistry, 33 Cottage

Street.

Bridie E. O'Donnell, Stenographer, Department of Entomology, South Hadley.



190S).] PUBLIC DOCUMENT— No. 31. 11

REPORT OF THE DIRECTOR.

The general work of the Massachusetts Agricultural Experi-

ment Station during the past year has followed the usual lines,

hut there has heen a considerable increase in the amount of

work in all the various departments of its activities. There

has heen no increase in the number on the station staff, hut

notwithstanding this fact there has been a considerable increase

in the amount of purely experimental and research work as

well as in the amount of work done in connection with the

fertilizer, feed and dairy laws and in meeting the requests

of our public for analytical work and for advice and infor-

mation. This increase has been made possible chiefly through

better organization in the chemical department.

Changes in Staff.

The station has been fortunate in retaining the services of

all heads of departments. The official connection of Prof. E.

A. White, B.Sc, with the station as floriculturist terminated

September 1. At the same time Prof. F. C. Sears, M.Sc,

became pomologist to the station. This change seemed desira-

ble in view of the fact that while the floricultural interests of

the State are important, those of fruit culture M^ould seem to

be yet more important. Professor White's connection with the

college, however, remains unchanged, and he can accordingly

still be consulted on such special problems connected with flori-

culture as are brought before us.

The following changes affecting subordinate positions have

been made during the year :
—

James C. Reed, B.Sc, and P. V. Goldsmith, B.Sc, have

been engaged as assistants in the department of chemistry,

in place of E. T. Ladd, M.Sc, and Walter E. Dickinson, B.Sc,

resigned during the latter part of last year.
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J. K. Shaw, B.Sc, has been engaged as assistant in the

department of horticulture, in place of C. S. Pomeroj, B.Sc,

who resigned to acce]3t a more responsible and lucrative posi-

tion.

F. A. Johnson, B.Sc, has been engaged as assistant in ento-

mological work on cranberry insects, in place of H. J. Frank-

lin, Ph.D., who resigned to accept a more important ftosition

in another institution.

Buildings.

During the past year the shed referred to in my last annual

report for use in connection with the asparagus work at the

substation in Concord has been comj^leted, at a total cost of

$208.

The hothouse designed for use in connection with the work

of the department of vegetable physiology and pathology has

been completed. This building is 70 by 28 feet in size. This

was not put up under contract, but under college management

by direct purchase of materials and emi^loyment of workmen.

The building has been paid for by the use of funds appro-

priated by the Legislature for the erection and equipment of

Clark Hall. The cost of the hothouse and of the passages

connecting it with the main building has been about $3,000.

This hothouse has been but recently completed. It will make

it possible for the department of vegetable physiology and

pathology once more to take up numerous lines of investiga-

tion which it has not been possible to prosecute during the

past year, and which were necessarily discontinued at the time

of the removal from the old quarters of the department to the

new, a little more than a year ago.

Much-needed additional room in the chemical laboratory for

control and research work has been obtained by removing from

the feed and research laboratories the machinery and fixtures

used in grinding and preparing substances for analysis, for

testing Babcock glassware and for making the Babcock test.

This machinery and apparatus have been set up in a basement

room fitted for the purpose, and all these lines of work are

now carried on under conditions far more satisfactory than

formerly. The cost of the needed changes has been met from

current station funds.
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During the past year the building formerly used for office

and laboratory purposes by the department of vegetable physi-

ology and pathology has been put into thorough repair and

refitted for use by the department of agriculture, for admin-

istrative headquarters and offices. The most important change

consists in the provision of fireproof rooms for storage of

records, papers and the more valuable files of station and gov-

ernment publications. One-quarter of the building has been

rebuilt, with the excej^tion of the exterior walls, which were

originally of brick, on the lines of the usual vault construction.

This part of the building contains three rooms, each about 11

by 12 feet in size, two of them provided with wire-glass win-

dows and steel shelving, and all with heavy vault doors. In

addition to this change the basement floor has been concreted

and the ceiling plastered, new floors have been laid throughout

the building; new windows have been provided in place of the

old on the entire second floor, the walls throughout the build-

ing have been refinished, and a number of minor changes and

improvements have been made. The cost of these improve-

ments, as well as of some much-needed repairs and improve-

ments in the chemical laboratory, has been met by the State

appropriation of $4,000, made by the last Legislature.

Station Activities.

There will be general agi'eement that the objects primarily

in view in the establishment of experiment stations were: (1)

to provide for the carrying out of experiments whose results

should make possible definite and decisive answers to as many
as possible of the unsettled questions affecting agricultural

practice; (2) to provide an agency which by true research

should endeavor to broaden the bounds of human knowledge,

especially in the field of the sciences, and particularly in their

relations with and application to agriculture; (3) to dissem-

inate useful information having a bearing upon agriculture and

the welfare of the people, and especially the people of the rural

districts; (4) in addition, this station has been charged with

the execution of several control laws. Those at present in

force relate to the trade in fertilizers, feed stuffs and the

apparatus used in making the Babcock test; and provide,
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moreover, for the inspection of the machinery used in making

this test in creameries and the examination of those desiring

to qualify for carrying it out.

To discover and demonstrate the value of new and better

methods in agriculture as an art ; to test and introduce new and

better varieties or species of j)lants and animals; to improve

plants and animals by selection and breeding; to broaden our

knowledge of the influences of air, water, electricity, light,

heat and cold on j^lants and animals in health and disease; to

add to our knowledge of the chemistry and physics of soils,

manures and fertilizers; to increase our knowledge of foods

and their functions in the animal and human economy; to

make us better acquainted with the life histories of fungi and

insects in their manifold relations to plants and animals and

to man; these are a few among the many things coming under

the first two classes which the agricultural experiment stations

are striving to do. They are not, however, in most cases, the

things which they are most frequently asked to do, although

there can be no doubt that the interests of the great agricultural

public are most advanced by new discoveries in these and simi-

lar fields.

There is no room to doubt the salutary effect of our control

laws. They are recognized to be both important and useful

by dealers as well as by consumers, and in carrying out the

necessary inspection and looking after the strict execution of

these laws the stations are rendering important service. The

cost of the execution of the fertilizer law is covered by license

fees paid by the manufacturers and dealers, while the execu-

tion of the feed and dairy laws is provided for by special State

appropriation for that purpose. In a certain sense the execu-

tion of these laws may be regarded as outside of the special

lines of work for which the experiment stations were founded.

There is doubtless danger, moreover, that such work will be

allowed to interfere with the more appropriate work of the

station. In the early days of experiment stations it was un-

doubtedly an advantage that the stations should be charged

with the execution of these laws. This arrangement served to

bring the station and the farmers into closer touch, and, more-

over, the station laboratories were equipped with the apparatus
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and the men necessary for carrying on the work, which at that

time was not true of any other existing State institution. These

reasons do not now have equal force, but as the station has been

so developed both on the side of material and personal equip-

ment as to provide for this work, it would seem best that these

laws, at least for the present, be executed by the station. It

would seem best, indeed, that the station be charged also with

the execution of such additional control laws as shall in the

future become desirable. Already we may anticipate the wis-

dom or necessity of laws to control the trade in seeds, in

insecticides and fungicides, and perhaps in still other direc-

tions. Laws to control the trade in insecticides and fungicides

are already much needed. National and State authorities and

the manufacturers have for some time been studying this sub-

ject. It is hoped that in the near future a law which seems

likely to prove mutually satisfactory will be agreed upon, and

it seems wise, therefore, to defer State action until such a

law can be framed, or until it becomes apparent that the neces-

sary understanding cannot be reached. Uniformity in the

laws affecting the trade in these materials throughout the Union

is greatly to be desired, on account of the fact that it is not

confined within State lines. Most of the manufacturers un-

doubtedly do an interstate business.

It is service coming under the third of the three classes

which I have enumerated which appears at jiresent to be most

appreciated, and which is most in demand. Under this class

must be placed such diverse activities as the publication of

reports, bulletins and circulars, answering letters of inquiry,

preparation of articles for the press, practical demonstrations

and object lessons, exhibitions at fairs, and lectures by members

of the station staff. Under this class must be placed, also, the

various requests for information which can be given only after

analyses or other special laboratory examinations or tests. The

amount of time consumed in meeting the demands of the public

for work of this description is very great, and so rapidly does

the demand for service along these lines increase, that there is

undoubtedly great danger that the time available for experi-

ment and research may be seriously curtailed. The following

summary will give a general idea of the amount of work in-
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volved in meeting ttis demand, and in the execution of the

control laws which have been referred to :
—

the staff,

SUMMAKY OF STATIOiST WoRK NOT ExPPJRIMENTAL.

Dissemination of information and work for individuals

Publications of the year 1908 :
—

Reports, ....
Bulletins, ....
Cii"culai-s, ....

Answers to letters of inquiry,

Lectures and demonstrations by members of

Exhibits at fairs,....
Miscellaneous analyses :

—
Water,

Milk,

Cream,

Feed stuffs, ....
Fertilizers and fertilizer materials.

Soils, .....
Miscellaneous substances.

Tests of cows :
—

Yearly, .....
Seven day, ....
Fourteen day,

Thirty daj'', ....
Forty-four day, . .

Miscellaneous :
—

Tests of seeds for germination.

Tests of seeds for purity,

Separation of seed.

Control work :
—

Fertilizers, samjilos analyzed,

Feeds, samples analyzed,

Babcock apparatus, i^ieces tested,

Candidates examined, .

1

8

8

8,000

67

2

143

625

2,899

122

169

33

26

76

68

5

10

6

196

12

160

624

895

2,713

23

This statement makes it ajiparcnt that these lines of work,

many of which are undertaken on the request of individuals,

and which are of such a nature that the results are of value

chieily or exclusively to the particular individual concerned

and of little or no interest to the public, must make very heavy

inroads both upon station funds and upon the time of members

of the station staff. The members of our staff are unfailingly
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glad to help individuals to the utmost of their ability in so

far as is consistent with their obligations to render service

which is of wider interest and importance. Individuals should

remember that the station is supported by public funds, in

the interest of the public. The public funds are a public trust,

and station men must first of all and chiefly work in the public

interest.

That the bearing of this general principle may be made more

apparent, and in the hope that individuals may be led thereby

to exercise a wiser discretion in the demands they make upon

the station, a brief consideration of the usefulness and limita-

tions of some of these lines of work as well as of the extent to

which they can be undertaken will be presented.
c

Publicatiojsts.

Our publications are chiefly of three kinds,— annual re-

ports, bulletins and circulars. These are designed primarily

to present the results of investigations carried on in the various

departments of the station, and to convey practical advice based

upon these results or upon the results of others. The bulletins

are sent without charge, so long as the supply lasts, to all citi-

zens of the State whose names are on our mailing list, or who

may apply for them. They are also sent to all libraries in the

State which will care for them, to the newspapers, to members

of agricultural college and station staffs, and to many persons

all over the world who apply for them.

This year, for the first time, the annual report is to be pub-

lished in two parts,— popular and general. This change has

been made in order that those portions of the report which

are believed to be of widest popular interest may be given a

more general circulation. The number of annual reports here-

tofore available for distribution from the station has been

6,000, and it has not been possible to send it to all those on

our mailing list. Hereafter we are to have 16,000 copies of

the popular portion, and this will be sent to all on our general

State list. We are to have 4,000 copies of the general report,

and this will be sent to libraries, workers in other experiment

stations and, so far as possible, to such as apply for it. Fifteen

thousand copies of this part of our report will be bound with
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the report of the secretary of the State Board of Agriculture,

and distributed in that form from the office of the Board.

The circulars, which briefly treat subjects of wide interest,

as made evident by correspondence, are used chiefly in answers

to letters of inquiry.

Publications during 1908.

Annual report :
—

Contains report of the director, treasurer and heads of departments,

with papers on a number of miscellaneous subjects. 172

pages.

Bulletins :
—

No. 119. Inspection of Commercial Fertilizers, H. D. Haskins, E. T.

Ladd and W. E. Dickinson. 64 pages.

No. 120. Inspection of Commercial Feed Stuffs, P. H. Smith and

L. S. Walker. 48 pages.

No. 121. Seed Separation and Germination, G. E. Stone. 16 pages.

No. 122. Poultry Keeping for Egg Production, Wm. P. Bi'ooks. 64

pages.

No. 123. Fungicides and Insecticides and Spraying Directions, G. E.

Stone and H. T. Feniald. 32 pages.

No. 124. Bee Diseases in Massachusetts, Burton N. Gates. 12 pages.

No. 125. Shade Trees, E. A. Start, G. E. Stone and H. T. Fernald.

64 pages.

No, 126. How to fight Cranberry Insects, H. J. Franklin. 12 pages. .

No. 127. Inspection of Commercial Fertilizers for Season of 1908, H.

D. Haskins, L. S. Walker and J. C. Reed. 68 pages.

Circulars :

—

The Unprofitable Cow and how to detect Her. 4 pages.

Laws regulating the Sale of Commercial Fertilizers in Massa-

chusetts, J. B. Lindsey. 4 pages.

Fertilizers for Potatoes, Wm. P. Brooks. 4 pages.

The Cost of testing Pure-bred Cows, J. B. Lindsey. 2 pages.

Seeding Mowings, Wm. P. Brooks. 8 pages.

An Act to regulate the Sale of Concentrated Commercial

Feed Stuffs, J. B. Lindsey. 4 pages.

No. 18. Alfalfa as a Crop in Massachusetts, Wm. P. Brooks. 4

pages.

No. 19. The White Fly, C. E. Hood. 2 pages.

Pfbltcattoxs available fok Feee Distribution.

Bulletins:—
No. 33. Glossary of Fodder Terms.

No. 41. On the Use of Tuberculin (translated from Dr. Bang).

No. 64. Analyses of Concentrated Feed Stuf¥s.

No.



No.
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Extent and N^ature op Demand for Publications.

The demand for station publications has greatly increased.

Our editions of bulletins treating subjects of general interest

now reach 25,000. Our annual exjienditure for publications

and distribution of bulletins and circulars now amounts to

rather more than $3,000.

Almost every mail brings requests for bulletins of informa-

tion. These requests cover the whole field of agriculture. Cor-

respondents within the last few days, for example, have called

for " your pamphlet," " manual," " work " or " bulletin " on

asparagus, orchard management, jjotato growing, duck raising,

strawberry culture, small fruit growing, management of hot-

house crops, etc. Whatever the line of work, the public looks

to the station for literature exhaustively treating the subject.

It is manifestly impossible to meet any considerable proportion

of such requests under present conditions. We have published

no comprehensive manuals for the different farm and garden

specialties. It may be questioned whether the publication of

such manuals would be the wisest use either of station talent

or funds. It is freely granted that such manuals, carefully

prepared, would be useful, they would meet a want; but is it

not reasonable to leave something for private enterprise ?

Should not the members of the farming public, as well as other

citizens, satisfy their requirements in this direction by pur-

chase? May we not safely depend upon the agricultural

publishers to furnish works of this character ? However these

questions may be answered, it is certain that under existing

conditions the station cannot engage in the preparation, publi-

cation and gratuitous distribution of any considerable number

of manuals on our various siDecialties.

Letters of Inquiry.

Thousands of letters of inquiry are received at the station

annually. Every head of department has repeatedly called

attention to the increase in the numbers of such letters and

the heavy demands upon the time and energy which answering

such letters entails, involving as the preparation of answers in

many cases does a considerable amount of investigation. The
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fact that our public more and more looks to the station to

settle doubtful points and to give desired information and help

is gratifying; and until satisfactory, special provision can be

otherwise made for work of this kind, the members of the sta-

tion staif will gladly meet the demand to the best of their

ability. The circulars which have been elsewhere referred to

are proving of great assistance in meeting requests for infor-

mation and advice.

In conclusion on this toj^ic I would like to enij)liasize these

points :
—

1. This work, from its very nature, is primarily for the

benefit of individuals and often of no general interest. Indi-

viduals therefore should refrain from sending inquiries which

can as well be answered by reference to standard works or to

other channels of information.

2. It is impossible for station officials in most cases to give

business advice. They cannot know, for instance, whether A
can make the hen business profitable in the town of X ; nor

whether B will succeed in producing cranberries at a profit in

the marshes of the county of W.
3. Letters of inquiry should refer to specific problems. It

is clearly not within the bounds of possibility to discuss general

problems with results satisfactory either to the writer or to the

receiver within the limits of a letter. A common type of let-

ter received runs somewhat as follows :
—

Dear Sir : — I have recently inherited [or purchased] a farm sit-

uated in the town of . This farm was formerly productive, but

has been neglected and the soil is much exhausted. Will you not

kindly tell me how it may be so handled as to restore it to fertility and

at the same time return a profit to the owner?

The discussion of the problems thus presented would involve

the whole field of agricultural science and practice. The prob-

lems are important and the need of the individual is great. It

cannot, however, be met through the channels of ordinary cor-

respondence. The most we can do is to refer to sources of in-

formation, or to advise either a short winter course or a corre-

spondence course in agriculture.
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Miscellaneous Analyses.

The summary presented shows that a large number of mis-

cellaneous analyses have been made during the past year. Had
the individuals and associations sending in these materials paid

for the analyses at current commercial rates, the cost to them

must have amounted to between $5,000 and $6,000. It is not

the policy of the station to invite commercial work, and we do

not accept it except in cases where it appears to be almost a

necessity that the station make the desired analyses. Such

analyses are made without charge for individuals in all cases

where the results are likely to be of some public interest. In-

deed, we do not limit our free work strictly in accordance with

this rule, as we believe it to be good general policy to encourage

the spirit of study and inquiry which the desire for such

analyses Usually indicates.

A few words in explanation as to the attitude of the station

as regards the analysis of different classes of materials for the

public seem called for.

Water Analyses. — The station makes a uniform charge of

$3 for a sanitary analysis of drinking water. This is much
below the usual charge for such work, which varies widely, but

will probably average at least $10. The results of water

analysis are of interest and value, as a rule, only to the indi-

vidual sending in the sample. So long as these analyses were

made without charge the number of samples sent in was so

large that the work of making the analyses became a great

burden and seriously interfered with other work. It is not

believed that the charge now made is sufficiently high to deter

parties from sending samples for analysis in cases of necessity.

The charge does, however, act as a check upon the indiscriminate

forwarding of samples, and this was the result aimed at.

Analyses of Milk and Cream. — Under existing laws in this

State the station determines fat or fat and solids in samples

of milk and cream at cost for creameries. Farmers' occasional

samples are analyzed without charge.

Analyses of Feeds and Fertilizers. — The total number of

samples of feeds, fertilizers and fertilizer materials analyzed

during the year has been consirlorablo, and this work is beeom-



1909.] PUBLIC DOCUMENT— No. 31. 23

iiig something of a burden. Individuals should consult the

station publications, in which analyses of identical materials

will often be found, before sending in samples or wi'iting for

analyses. The inspection service of the station is now so

thoroughly organized that there are relatively few materials

coming under these classes which have any considerable im-

portance that are not officially collected and analyzed. In all

cases, however, where individuals desire to purchase either feeds

or fertilizers on a guaranty of composition to be determined by

station analysis, the station holds itself in readiness to make

such analyses as are needed, and will undertake to do this work

and to report results with all possible promptness in all cases

where the quantity involved is large enough to make the work

worth while. Such analyses will be made without charge, if

parties desiring them conform with the instructions sent.

Analyses of Soils. — During the past year there has been a

very great increase in the number of requests for chemical

analyses of samples of soils. It is evident that there exists a

widespread misapprehension as to the value of such analyses.

It appears to be believed that it is necessary only to make a

chemical analysis in order to determine what fertilizers will be

required. The following letter, received within a few days,

fairly represents the attitude of most correspondents relative

to this work :
—

Gentlemen : — I write for information for Mr. , the owner of

a. large farm in , Mass. He wishes to know if he can send you

samples of soil for analysis; most likely would send 8 or 10 samples

from different parts of his farm. In what form and in what quantity

should he send, and what would be the expense for analysis of each

package sent? He would also like to know what crop would produce

the best results for each sample sent, and the best fertilizer for each

sample and the quantity required, and would be pleased to pay for any

catalogue or information in circidar form you can furnish him on

scientific farming. . . .

The views which we hold relative to the possible value of

such work, and the attitude of the station in relation to it,

will perhaps be made clear by the following quotation from a

circular on the subject:—
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The results of eliemieal analysis of soils do not, as a rule, afford a

satisfactory basis for determining manurial requirements. The chem-

ist, it is true, can determine what the soil contains, but no ordinary

analysis detennines with exactness what proportion of the several ele-

ments present is in available form for the crop. Indeed, there is no

such thing as a constant ratio of availability. While one crop may find

in a given soil all the plant food it requires, another may find a shortage

of one or more elements. Further, on the very same field one croja will

find an insufficient amount of potash, another may find enough potash

for noiTaal growth but insufficient phosphoric acid, and a third may

suffer from an insufficient supply of nitrogen.

Most of our soils are of mixed rock origin, and as a rule possess

similar general chemical characteristics, provided they have been

farmed under usual conditions. The manurial and fertilizer require-

ments are detennined more largely in most instances by the crop than

by peculiarities in the chemical condition of the soil. The chemical

analysis of soils, then, does not, as a rule, afford results which have a

value commensurate with the cost, and as a rule this station will not

make such analyses unless the soil differs widely from the nonnal in

natiu-al characteristics, or has been subjected to unusual treatment of

such a nature as to probably greatly influence its chemical condition.

In some cases the corresj^ondent reports that his crop is diseased and

that he desires a chemical analysis in order to ascertain what is the

cause. The chemical composition of the soil may in some instances exer-

cise a controlling influence in determining a condition of health or

disease, and is never unimportant from the standpoint of vigorous,

normal and healthy growth ; but in the case of most diseases the imme-

diately active cause is the presence of a parasitic fungus, and this

fungus is usually capable of fixing itself upon the plant whatever may

be the composition of the soil. A knowledge of the chemical composi-

tion of soils, therefore, will not make it possible to advise such manurial

or fertilizer treatment as will insure immunity from disease.

It will be noted that the corresponrlent quoted evidently be-

lieves that the chemical composition of the soil will determine

its suitability for different crops. The chemical composition

may not be without importance in determining what the soil

is fitted to produce, but the physical characteristics of the soil

and subsoil, as affecting drainage, the capacity to hold water, the

capacity to conduct water from below upwards, texture and

aeration, are of much greater importance in determining what

crops the soil is fitted to produce. It will be noted that the

correspondent expresses a willingiiess to pay the cost of analysis.

Very many express themselves to that effect. The fact that
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this is the case does not, however, and should not change our

attitude relative to such work. We believe that the results

would not have the value which correspondents suppose they

would have, and it therefore seems best to decline to make

such analyses except in cases where conditions widely ditTerent

from those which usually prevail seem to render it probable

that the results will possess unusual value.

Analyses of Miscellaneous Substances. — A wide variety of

materials coming under this class is offered for analysis each

year. Materials of such a character as render analysis likely

to prove of especial interest or value in our agriculture will be

analyzed without charge, but it should be here stated that the

station cannot undertake the analysis of ores and minerals.

Testing Cows.

The conditions under which pure-bred cows are tested are set

forth fully in the- report of the head of the department of

chemistry. The director desires to call attention here simply

to the fact that since such tests involve a large amount of detail

work, and since they appear to be conducted primarily for the

private interest of the individuals owning the cows, it is re-

garded as only proper that the station should be fully reim-

bursed for the cost of doing the work. It has been found

necessary during the past year to make a small increase in the

amount charged.

Seed Work.

Tests of seeds for germination and for purity, when asked

for by farmers or gardeners, are made without charge. The

number of requests for seed testing is increasing quite rapidly.

In a number of instances seedsmen call upon us for similar

work, preferring to have it done by the station rather than to

undertake it themselves. Since it is highly desirable that

seedsmen should be encouraged by all possible means to offer

only seeds whose quality is well known, the station will for the

present undertake such work, which will be charged at cost.

Samples of seeds from farmers or gardeners bronght in for

separation are subjected to treatment without charge. Should



26 EXPERIMENT STATION. [Jan.

seedsmen call upon us for work of that character, our policy

would be the same as in reference to tests for germination and

purity.

Mailing Lists.

The persons on our general lists and receiving our publica-

tions regularly may be classified as follows :
—

Residents of Massaeliusetts, . . . . . . 14,705

Residents of other States, ...... 2,045

Residents of otliei- countries, 174

16,924

During the year we have made up as full a list of bee keepers

in the State as possible. Most of the addresses had been col-

lected by Burton N. Gates, apiculturist, United States Depart-

ment of Agriculture, and this list was very kindly jilaced at

our disposal. We have made several additions as a result of

correspondence and the list is now probably fairly complete.

We have made a special effort during the past year to secure

the co-operation of the libraries of the State in preserving files

of our publications, in order that they may be accessible for

consultation in all parts of the State. Circular letters were

sent to all libraries, offering to make up as complete a set of

station publications for each as could be got together, calling-

attention to the fact that such sets must in the future be valuable

for consultation, and offering to place the libraries upon our

mailing list. We received many favorable replies, but in a

number of instances the libraries stated that they felt obliged

to decline to undertake the completion and preservation of a

file of station publications on account of lack of suitable ac-

commodations for preserving them. As a result of our cor-

respondence, however, we added 175 libraries to our mailing

list, and we made up and sent out to libraries a large number of

sets of publications which were made as nearly complete as

our stock of the different issues would allow.

The following special mailing lists are now in use :
—

Cranberry growers, 1,507

Bee keepers, 2,510

Meteorological, 263

Libraries, 333
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The total net addition to all lists during the past year has

.been 3,175.

Asparagus Substation, Concord.

It will be remembered that the substation work with aspara-

gus in Concord is located on land leased of Mr. Charles W.
Prescott. This work was begam in the spring of 1906. The

leading lines of investigation are two: (1) breeding experi-

ments, with a view esj^ecially to the production of a desirable

type of asparagus with greater capacity to resist rust; (2) fer-

tilizer experiments.

During the past year a new line of work has been begun in

a small way, i.e., experiments to determine the effects of the

cultivation of asparagus under tent shade, after the manner

which has been successfully followed in the production of cer-

tain grades of tobacco. This station enjoys the co-operation of

the Bureau of Plant Industry of the United States Department

of Agriculture in the breeding and tent experiments.

Breeding Experiments. — During the past year the number

of varieties and selections of varieties of asparagus brought

together has been still further largely increased. The total

number of such varieties and selections now growing in the

experimental plots is 105. Most of these selections have made

an excellent gro\\i:h. They exhibit, as might be expected, wide

differences in habit and vigor of growth as well as in capacity

to resist the attacks of rust. Mr. J. B. Norton, an expert of

the Bureau of Plant Industry, was stationed in Concord during

the latter part of the summer. He was engaged in making

close observations and study of the different types, and in

selecting such as seemed to possess characteristics likely to

render them valuable for the purposes in view. Mr. Norton

will devote most if not all of his time to work in Concord next

season, and the actual work of hybridizing will then begin.

Fertilizer Experiments. — The plants in the fertilizer plots

have continued to make excellent growth. Those in the dif-

ferent plots now exhibit considerable variation, due, no doubt,

to the varying fertilizer treatment. The past season is the

second season since the plants were set, and so vigorous has

been their growth that commercial cutting was begun in a

small way last spring. It is not deemed best to present results
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at this time, for the amount cut was no doubt affected in con-

siderable measure by the violent spring winds, which affecte(i

some plots much more seriously than others. In order to

j)revent injury from winds in the future a wind break, made

by tacking cheese cloth to substantial posts standing about 8

feet above ground, has been put up. It is necessary, of course,

to keep the cloth in position only during that period in the

growth of the plants when they are j^eculiarly liable to injury

(when the shoots are first starting).

Tent Shade Experiment. — This experiment was commenced

after the cutting season was begun. The purposes in view are

to note the effect of the tent ujDon

(a) The amount of rust.

{h) Time and rate of yield of commercial asparagus.

(c) The quality of the asparagus.

As the tent was in place only a portion of the cutting season

the results will not be reported in detail. It may be remarked

only in passing that tests of asparagus grown in the tent in

comparison with the product of another portion of the same

bed not shaded, which were carried out independently by a

number of different parties, led to the conclusion that the tent

asparagus was more tender and of better quality.

Crak^bekry Substations. *

It will be remembered that the work with cranberries is

along two lines and in two locations: (1) work with cranberry

insects in Wareham; (2) fertilizer experiments in Waquoit.

The work with insects has not made the progress hoped for dur-

ing the past year. There are two jDrincipal causes: (1) it has

been found impossible to acquire control of a cranberry bog

suitable for the practical experiments in view on terms which

the station can accept; (2) the resigiiation of Mr. Franklin,

and the necessity of starting some one on the work in his place,

has inevitably meant delay. There was practically no fruit on

any of the fertilizer plots this year.

Substation for Orchard Experiments.

The work in the substation for orchard experiments, on the

farm of Myron C. Graves in South Amherst, has been well

begini. Six acres have been laid off in eight plots, containing
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substaiitiallj the same number of trees in each. Each plot

has received different fertilizer treatment. The entire area

is subdivided in the opposite direction into four sections for

different cover-crop treatment. The orchard which had been in

grass for a number of years was plowed in early spring and

given sufficiently frequent tillage throughout the summer to keep

down weeds. The trees have made excellent growth during the

season, but a few of them have been recently somewhat damaged

by the browsing of deer. It is not believed, however, that the

damage from this cause is serious except to a limited number

of young trees, which had been set to replace a few of those

originally planted.

WM. P. BROOKS,
Director.
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REPORT OF THE TREASURER.

ANNUAL REPORT

Of Fred C. Kenney, Treasurer of the Massachusetts Agricul-

tural Experiment Station op the Massachusetts Agricul-

tural College,

For the Year ending June 30, 1908.

The United States Apj^ropriations, 1907-08.
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State Appropriation, 1907-08.

Cash balance brought forward from last fiscal

year, ....
Cash received from State Treasurer,

from fertilizer fees,

from farm products, .

from miscellaneous sources,

$11,533 31
13,500 00
5,165 00
2,732 07
5,762 26

Cash paid for salaries, ....



32 EXPERIMENT STATION. [Jan.

REPORT OF THE AGRICULTURIST.

DEPARTMENT OF AGRICULTURE.

WM. P. BROOKS, agriculturist; E. S. FULTON, E. F. GASKILL, ASSISTANTS.

The work of the department of agriculture during the past

year has followed the usual lines. These it will be remembered

have for their principal object throwing light upon what appear

to be some of the more important problems connected with

the selection and method of use and application of manures and

fertilizers. Much attention has been, paid also to experiments

designed to show the relative efficiency as sources of nitrogen

and phosphoric acid of different materials which may be pur-

chased by the farmer as sources of these elements.

The number of plots used in connection with our field work

during the past year was 313. The work in the vegetation

house involved the use of 384 pots. The crops used in the

crop experiments in the vegetation house were Japanese millet,

dwarf Essex rape, the soy bean, tobacco and tomato. The

experiments with the two latter crops were carried out in the

hope of throwing light on the causes of diseases or i^hysiological

troubles affecting these crops. The results are not yet conclu-

sive. In addition to the work in the field -plots and in the

vegetation house we have carried on experiments in 136 closed

plots. These have been for the most part used in fertilizer

experiments. The results serve as a valuable check on field

Avork.

The number of letters of inquiry answered in the department

during the past year has been greater than ever before. The

total is rather over 1,200, as against 824 for the year 1907.

The pressure for space from the other departments in the

experiment station is so great that no attempt will be made
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to present detailed reports of the different experiments in the

department of agriculture. As soon as opportunity and means

permit;, the different lines of investigation will be taken up

one by one and reported in full. Some of the more important

results of the experiments which have been carried on during

the past year may be briefly stated as follows :
—

I. The experiment on Field A, which has for its object to

determine the relative value, as sources of nitrogen, of barnyard

manure, nitrate of soda, sulfate of ammonia and dried blood,

has been continued. This experiment was begun in 1890. The

crop of this year was alsike clover, which, however, was con-

siderably mixed with grass that came into the different plots.

The nitrogen fertilizer giving the highest yield this year was

dried blood, closely followed by nitrate of soda. Representing

the yield of the latter by 100, the relative standing of the dif-

ferent materials used as sources of nitrogen, as compared with

the plots receiving no nitrogen, as indicated by the total yields,

were as follows :
—
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II. On the field where different potash salts have been under

comparison for so many years the crops this year have been

sweet corn and early cabbages. The former on two series of

plots, the latter on three. Last year the entire field was in

potatoes, and the results showed a marked dependence of the

potato crop on this soil on a liberal supply of potash, the average

yield of the plots to which potash was applied exceeding that

on the no-potash plots by 36.96 per cent. During the past

year the fields both of sweet corn and cabbages have been re-

markably even, and the most striking result of the experiment

is that the vield both in the case of sweet corn and cabbages is

about the same on the plots to which no potash has been applied

for eleven years as on any of the potash plots. The diiference

in favor of the potash plots has been for the corn 2.7 per cent;

for the cabbages the no-potash plots average 6.33 per cent better

than those receiving potash. The yield of the corn on the no-

potash plots was at the rate of 48.57 bushels per acre. The

yield of the early cabbages on the no-potash jDlots was 48,213

pounds per acre.

III. The corn crop on the field where special corn fertilizer

is under comparison with a mixture richer in potash was un-

usually good on both fertilizer combinations. On the special

corn fertilizer it was at the rate of 94 bushels of sound corn

and 7,760 pounds of stover per acre. On the fertilizer richer

in potash it was at the rate of 90.23 bushels of sound corn and

9,224 pounds of stover per acre. This experiment has now been

continued for eighteen years. Incidentally it furnishes a very

conclusive answer to the question as to whether corn can be

profitably raised on fertilizers. The cost of fertilizers applied

to this field, where corn and mixed grass and clover hay have

alternated, each being grown for two successive years, has varied

in different years from about $12 to $16 per acre. There has

not been a single unprofitable crop, and the crop of the last

season is the heaviest so far secured.

IV. The crop of corn produced on the south corn acre,

where manure alone is under comparison with a small quantity

of manure and a potash salt, was also exceptionally heavy. On
the manure alone (6 cords) the rate per acre amounted to 90.43

bushels of hard grain and 8,800 pounds of stover per acre. On
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the manure aud potash (4 cords of the former and 160 pounds

per acre of high-grade sulfate of potash) it was at the rate of

86.72 bushels of hard corn and 8,280 pounds of stover per acre.

This exj)eriraent has now continued for nineteen years, corn

and grass alternating during most of the time in periods of two

successive years each. The manure alone gives slightly larger

crops, but at a cost disproi^ortionally gTeater than that of the

product on the combination of manure and potash.

V. The field used in experiments comjDaring different phos-

phates was planted to late cabbages during the past season. The

crop was a poor one on account of the prolonged drought. The

experimental result, however, was satisfactory, as it illustrated

as strikingly as in any previous year the marked dependence of

the cabbage upon a liberal supply of highly available phosphoric

acid. The average product of the three no-potash plots was at

the rate of only 2,573 pounds per acre, all heads, both hard

and soft, being included. The best results were obtained on

plots to which raw bone, dissolved bone black and basic slag

meal were applied, these being respectively at the following rates

per acre :
—

Pounds.

Raw bone, 20,240

Dissolved bone black, . . . . . .
'

. 20,018

Basic slag meal, ........ 19,120

During the past year, therefore, we have on the best plots a

yield of cabbages eight times greater than was produced on the

no-phosphate plots. In 1908 these same no-phosphate plots gave

a yield of hay at the rate of about 4 tons to the acre, as com-

pared with a yield only 1,200 to 1,300 pounds per acre greater

on the jDlots to which the most soluble phosphates were applied.

These facts illustrate in a striking manner the remarkable dif-

ference in the degree of dependence of the two crops (mixed

grass and clover hay, and cabbages) upon the phosphoric acid

content of the soil.

VI. The experiment on the nine-acre field in top-dressing

grass land with manure, fine ground bone and muriate of potash,

and wood ashes has been continued. The product this year of

the different materials was at the following rates per acre :
—
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Pounds.

Manure, 5,005

Bone and j^otash, 5,345

Wood ashes, 4,624

The average yield for the entire area during the past season

was at the rate of 4,977 pounds per acre. The average for the

entire period, 1893 to 1908 inclusive, has been 6,220 pounds.

The yields this year were considerably lower than usual, es-

pecially those of rowen, and undoubtedly on account of the

marked deficiency in rainfall.

VII. In the exi:>eriment comparing winter with spring ap-

plication of manure the crop this year has been mixed grass and

clover hay. The field was cut twice, and the averages for the

Idiots representing the two systems of application have been as

follows i^er acre :
—

Winter Application.

Pounds.

Hay, 6,209

Rowen, 1,227

Spring Application.
Pounds

Hay, 6,804

,
Rowen, 1,409

Spring application has given substantially 10 per cent, more

hay and about 14^ per cent, more rowen than winter applica-

tion.

VIII. Our work with j)oultry has been directed principally

to a comparison of the so-called dry mash with the moist mash

system of feeding laying fowls. The results have not indicated

any marked superiority for either. The luimber of eggs from

the fowls receiving the moist mash has been somewhat greater

than the number produced by the fowls receiving the dry mash.

Whether the difference is sufficiently great to offset the greater

labor cost of the moist mash system of feeding we are not yet

prepared to say.
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REPORT OF THE CHEMIST.
JOSEPH B. LINDSEY.

DEPARTMENT OF PLANT AND ANIMAL CHEMISTRY.

Research division : Edward B. Holland, Robert D. MacLaurin.

Fertilizer division: Henri D. Haskins.

Feed and dairy division : Philip H. Smith.

Assistant chemists: Lewell S. Walker, James C. Reed, Philip V.

Goldsmith.

Assistant in animal nutrition : Roy F. Gaskill.

Inspector: William K. Hepburn.
• Clerks and stenographers: Harriet M. Cobb, Alice M. Howard.

This department of the experiment station conducts experi-

ments in animal nutrition and applies the science of chemistry

in studying dairy problems, the composition of soils and the

composition and food requirements of plants and animals. It

inspects the fertilizers and cattle feeds sold in the State, as well

as Babcock machines and the accessory apparatus employed in

determining the commercial value of milk and cream ; tests

water used for drinking, at a cost of $3 per sample ; analyzes

farmers' samples of fertilizer, milk and cream free of cost,

and conducts tests of pure-bred cows under the rules and regu-

lations of the several cattle clubs. Its work for the year ending

Dec. 1, 1908, is outlined below.

1. CoERESPOiSrDElSrCE.

The department conducts correspondence with interested

parties on all of the subjects mentioned above, endeavoring so

far as possible to answer all questions promptly and completely.

The number of letters of all kinds sent out during the year

has approximated 4,800.
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2. Numerical Summary of Laboratory Work.

Erom Dec. 1, 1907, to Dec. 1, 1908, there have been re-

ceived and examined 143 samples of water, 625 of milk, 2,899

of cream, 122 of feed stuffs, 169 of fertilizers and fertilizer ma-

terials, 33 soils and 26 miscellaneous. In connection with

experiments made by this and other departments of the station

there have been examined 256 samples of milk, 19-1 samples

of skim milk and buttermilk, 54 samples of butter, 151 samples

of cattle feeds and 476 samples of agricultural plants. There

have also been collected and examined 895 samples of cattle

feeds in accordance with the requirements of the feed law,

and 624 samples of fertilizer in accordance with the fertilizer

law. The total for the year has been 6,667.

In addition to the above, 23 candidates have been examined

and given certificates to operate Babcock machines, and 2,713

j)ieces of Babcock glassware have been tested for accuracy of

graduation, of which 33, or 1.22 per cent., were inaccurate.

3. Report of the Fertilizer Division.

Mr. Henri D. Ilaskins makes the following report, including

topics (a) through (j) :
—

The principal work of the fertilizer division has been in

connection with the official inspection of commercial fertilizers

and the analyses of materials forwarded by farmers and farmer

organizations.

The new law, obliging the station to publish commercial

valuations and the percentage of differences, has added ma-

terially to the detail of the inspection work, more particularly

with reference to the necessary correspondence and clerical

work. The results of the year's work indicate a more complete

collection and analyses of the licensed brands than ever before,

and show, on the whole, an improvement over the preceding year

in the quality of the goods that have been sold in Massachusetts

markets.

(a) FerfiUzrr.'^ licensed.

During the year 70 manufacturers, importers and dealers

have secured licenses for the sale of 409 distinct brands of fer-

tilizers and agricultural chemicals in Massachusetts; this is
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23 more than were licensed in 1907. They may be grouped

as follows :
—

Complete fertilizers,........ 306

Fertilizers furnishing- potash and phosishoric acid, . . 8

Ground bone, tankage and dry ground fish, ... 40

Agricultural chemicals, 55

(h) Fertilizers collected.

The samples which furnished the material for this year's

inspection were taken by Mr. W. K. Hepburn, the authorized

sampling agent of the experiment station. During the months

of April, May and June, 024 samples, representing 400 dis-

tinct brands, were taken from dealers' stock in various parts

of the State. Ninety towns were visited and samples were

taken from about 180 different agents. Duidicate samples of

the same brand have been taken from various parts of the State

whenever possible, as in previous years, and an analysis has

been made of a composite sample composed of equal weights

of the various samjtles.

(c) Fertilizers analyzed.

Ninety-two more analyses have been made than during the

previous year. One hundred and eleven more samples, repre-

senting 44 more brands, have been collected and analyzed than

during 1907. In the inspection of the licensed fertilizers the

followino- analvses have been made :
—"&

Complete fertilizers,........ 322

Ground bone, tankage and fish, 39

Acid phosphate, dissolved bone black and slag, . . 14

Cotton-seed meal, linseed meal, castor pomace, blood

and nitrate of soda, 26

Muriate, sulfate and carbonate of potash and kainit, . 24

Materials furnishmg potash, phosphoric acid and lime,

such as ashes, ........ 8

Aside from this, 21 samples of fertilizer have l)een analyzed

that were sampled officially by the collecting agent and which

represent goods manufactured for private use, making in all

454 analyses.
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(d) Trade Values of Fertilizing Ingredients.

Nitrogen:— per Pound.

In ammonia salts, ......... 17^/^

In nitrates, I8V2

Organic nitrogen in dry and fine ground fish, meat, blood,

and in high-grade mixed fertilizers, ..... 20^/^

Organic nitrogen in fine* bone and tankage,.... 2OV2

Organic nitrogen in coarse* bone and tankage, . . .15
Phosphoric acid :

—
Soluble in water, ......... 5

Soluble in ammonium citrate (reverted phosphoric acid), . 4V2

Soluble in fine* ground bone and tankage, .... 4

Soluble in coarse* bone and tankage, . . . . .3
Soluble in cotton-seed meal, linseed meal, castor pomace and

ashes, 4

Insoluble (in neutral citrate of ammonia solution) in mixed

fertilizers, .......... 2

Potash :
—

As sulfate, free from chlorides, 5

As muriate (chloride), ........ 4^/4

As carbonate,.......... 8

The above trade values of fertilizing ingredients in raw ma-

terials and chemicals are the same as for the previous year,

and represent the values agreed upon by representatives of the

experiment stations in ISTevs^ England and the Middle States,

after a careful study of prevailing prices in the large cities in

these localities.

The average comparative commercial value of the complete

fertilizers analyzed during the season of 1908 is $25.81, the

retail cash price per ton $3G.20, and the percentage of difference

40.25.

1 Fine and medium bone are separated by a sieve having circular openings one fiftieth

of an inch in diameter, the valuation being based upon the degree of fineness.
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(e) Guarantees and Analyses compared.

Mancfactubeh.
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This shortage ranged from a few cents to $3.36 per ton; only

8 brands showed a commercial shortage of over $1 per ton.

The following table shows a comparison between the com-

mercial shortages fomid during 1908 and 1907: —

Commercial Shortage.

Number op Brands.

1908.
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It is apparent from the above table that with less than a

44 per cent advance in price over the low-grade fertilizer, the

high grade furnishes more than 75 per cent increase in available

plant food and nearly 90 per cent increase in commercial value.

A ton of the high-grade fertilizer furnishes about 46 pounds

more of nitrogen, 15 pounds more of available phosphoric acid

and 104 pounds more of potash than do the low-grade goods.

The high-grade fertilizers, with a 31. G per cent advance in

i^rice over the medium grade, furnish 35 per cent more plant

food with about 46 j^er cent increase in commercial value. The

medium-grade goods also furnish much better value for the

money invested than do the low-grade fertilizers. The medium

grade, costing 9 per cent more than the low-grade fertilizers,

furnish 30.5 per cent more i:>lant food and have about 30.5

per cent greater commercial value. The consumer jDurchasing

the low-grade fertilizers has paid, on the average, 8.83 cents

per pound more for nitrogen, over 2 cents per pound more

for available phosphoric acid and 2.15 cents per pound more

for potash than has the user of the high-grade fertilizers. The

purchaser of the medium-grade goods has paid, on the average,

3 cents more per pound for his nitrogen and three-fourths of a

cent per pound more for his available phosphoric acid and pot-

ash than has the purchaser of the high grade goods. These

figures speak for themselves.

(g) Quality and Commercial Cost of Bone, Ta,nhage and Fish.

Out of the 34 samples of gTound bone, tankage and dry

ground tish, 5 showed a deficiency in nitrogen and 6 in phos-

phoric acid ; only 1 of these brands, however, showed a com-

mercial shortage.

The average retail cash prices, valuations and percentages of

difference of the ground bone, dissolved bone, tankage and dry

ground fish are as follows :
—

Average Retail
Cash Price.

Commercial
Valuation.

Percentage
Difference.

Grouiifl bone,

.

Dissolved bone,
Tankage,
Dry ground flsh,

$.30.08

29.,̂ 3
27..50
39.00

$29.09
27.08
31.66
40.63

3.40
8.31
13.14 1

4.011

1 In excess of selling price.
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(h) Quality of Other Raw Materials.

In the chemicals and raw materials furnishing nitrogen, only

1 sample of cotton-seed meal failed to meet the guarantee in

this element. Three samples of dissolved bone black and 2

samples of acid phosphate failed to meet the guarantee in

available phosphoric acid. Among the potash compounds 1

sample of high-grade sulfate, 5 of muriate and 1 of carbonate

failed to meet the potash guarantee.

(i) Cost of Plant Food in Raw Materials.

The various agricultural chemicals and raw materials, as sold

at retail in our local marhets, have furnished nitrogen, phos-

phoric acid and potash to the consumer at the following

prices :

—

Nitrogen

:

From
From
From
From
From

Available

From
From

Potash :
—

From
From
From
From
From

nitrate of soda,

blood, .

cotton-seed meal,

linseed meal,

castor pomace,

phosphoric acid :
—

dissolved bone black, .

acid phosphate (superphosphate),

carbonate of potash, .

high-grade sulfate of potash,

potash-magnesia sulfate,

muriate of potash,

kainit, .....

Cents
per Pound.

18.40

20.50

22.05

26.70

22.40

7.80

5.90

8.00

5.00

5.70

4.50

5.11

(;') Miscellaneous Fertilizers, Soils and By-products for Free

Analysis.

During the past year 1G9 samples of fertilizer and by-

products used for fertilizer, 33 samples of soil and 11 samples of

miscellaneous materials have been analyzed for farmers and

others interested in agriculture. Comparative valuations, with

advice as to the best method of using these materials, have been

furnished the applicant at the time the results of analyses were

reported. We have every reason to believe that the samples
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forwarded have been representative in each instance, as they

were invariably taken according to instructions forwarded

from this office. The above analyses have not been published in

our fertilizer bulletin. <

Aside from the above, an active part has been taken in the

work of the Association of Official Agricultural Chemists. The

writer has acted in the capacity of referee on inorganic plant

constituents, planning and compiling the work for this section

of the association as well as executing the detailed work as a

co-operator.

Eighteen complete soil analyses have also been made in con-

nection with field experiments conducted by the agricultural

department of the station.

4. Report of the Feed and Dairy Division.

Mr, P. H. Smith, in charge of the division, reports as fol-

lows, including topics (a) through (h) :
—

(a) Execution of the Feed Law. (Acts of 1903, Chapter 122.)

The feed law now in force in this State went into effect July

1, 1903. Its purpose is to so regulate the sale of commercial

concentrated feed stuffs as to enable the consumer to purchase

with a full understanding of what he is buying. Briefly stated,

the law requires that every lot or parcel of concentrated feed

offered or exposed for sale shall bear a statement giving the

name and address of manufacturer, net weight and guarantee of

protein and fat. The wheat by-products and the cereal grains,

ground or unground, are exempt from the provisions of this

act. Any adulterated feed must bear a statement of its true

composition. An inspector is kept on the road during a con-

siderable part of the year, who collects samples of the feeds

offered for sale and reports any violations of the law. The
director of the experiment station or his deputy is authorized

to carry out the provisions of the act and to publish such re-

sults as are of value.

There have been collected by the inspector during the past

year 895 samples of feed stuffs which were found offered for

sale in the Massachusetts markets. As it is only possible for
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the experiment station to issue one feed bulletin yearly, the re-

sults of the examination of those feeds collected during the

winter and early spring were not published in bulletin form.

In every case, however, the analyses were sent to the manu-

facturers, and in case of misrepresentation or failure to meet

the guarantee, attention was especially called to these j)oints.

All of these feeds were practically as represented. When re-

sults are of sufficient importance, it is the intent of the experi-

ment station to keep the public fully informed by means of

circulars, newspaper articles and correspondence, as well as

bv the regular annual feed bulletin.

During the season of 1906-07, the cotton-seed meal found on

the northern market varied greatly in composition and much

of the meal offered fell decidedly below its guarantee. This

situation has been greatly improved, and for the season just

past practically all of the cotton-seed meal found has been of

good quality.

In general it may be said that there have been few violations

of the feed law. Occasionally dealers neglect to mark material

of good quality with guarantee tags, as required by statute.

No new types of feed have been found during the last twelve

months, although many new brands of existing types are freely

offered. For a full description of the results of the feed in-

spection the interested reader is referred to the special feed

bulletins.

(6) Execution of the Dairy Law. (Acts of 1901, Chapter

202.)

The purpose of the dairy law is to insure accuracy in the

manipulation of the Babcock test where used in fixing the

value of milk or cream, either in buying or selling. The work

required by this act is subdivided into three natural divisions:

(1) the examination of candidates, (2) the testing of glassware

and (3) the inspection of machines.

Examination of Candidates. — During the past year 23

examinations have been given and certificates issued for pro-

ficiency in Babcock testing. Several candidates have been re-

fused certificates, chiefly on account of not being sufficiently

familiar with all phases of the work. If it happens that an
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operator is proficient in testing whole milk, it docs not neces-

sarily follow that the experiment station is justified in giving

him a certificate nntil he has shown the requisite skill in the

whole field. It is obvious that a tester may pass a perfectly

satisfactory examination and yet employ careless and slovenly

methods in practice. The writer wishes to re-emj^hasize the

point made by the head of the department in the last annual

report, " that the present law should be so amended as to give

the experiment station the privilege of revoking the license

of all oi^erators who employ dirty glassware and who are not

conscientiously performing their duties."

Testijig Glassware. — All Babcock glassware intended for use

where the Babcock test is a basis for fixing the value of milk

and cream must be tested for accuracy and marked " Mass.

Ex. Sta.," to signify that it has been so tested and found cor-

rect. During the past year 2,713 pieces of glassware were

examined, and only 1.22 per cent were found incorrect, an

improvement of 5.4 per cent over the previous year.

Annual Inspection of Babcock Machines. — This inspection

was made in November, 1908. Of the 31 places visited, 19

were creameries, 10 milk depots, 1 city milk inspector and one

a chemical laboratory. Thirteen of the creameries were co-

operative and 6 were proprietary. The 10 milk depots were, in

every case, proprietary. Thirty-one machines were inspected,

of which 2 were condemned. As a whole, the machines were

in good condition. Those in use are 13 Facile, 5 Argos, 6

Wizard, 3 electrical and 4 Stoddard. The glassware, as a whole,

was clean, but a few still use very dirty bottles. In one case

the pipettes were not tested. The creameries and milk depots

in operation that pay by the Babcock test are as follows :
—
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1. Creameries.
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(c) Milh, Cream and Feeds sent for Free Examinaiion.

The experiment station has in the past analyzed and will

eontinne in the future to analyze samples of milk, cream and

feeds sent for examination, in so far as the time and resources

at its command will allow. Only in exceptional cases should

material intended for free chemical examination be sent to the

experiment station, except by previous arrangement. Upon

application full instructions for sampling and directions for

shipping will be furnished.

{d) Sanitary 'Analysis of Drinhing Water.

During the year ending Dec. 1, 1908, there have been ex-

amined 143 samples of water. The cost of an analysis is $3,

which must be forwarded in advance and the express charges

on the sample prepaid. In order to secure an analysis, appli-

cation must be made, whereupon a suitably encased glass jar,

together with full instructions for gathering and shipping, are

forwarded by express. An analysis of water sent in shipper's

jar will not be made, neither will a bacteriological nor mineral

analysis be undertaken. The station does not examine water

to determine its fitness for manufacturing jDurposes, it being

held that this is the legitimate work of the commercial chemist.

The object of the station in making an examination of water

is to enable citizens of the State depending upon wells and

springs to ascertain, at a minimum expense, whether their

supply is free from objectionable matter, which is likely to

gain access to it from sinlv, privy or barn drainage. Such an

examination is referred to as a sanitary analysis. Those who

are dependent upon local wells and springs are frequently very

careless in the care of the same. As a result the water becomes

jDolluted, and serious sickness is likely to follow. After the

soil has once become contaminated it requires considerable

time to f)urify itself, and the water is often rendered unfit for

use for a number of years. Farmers and others are strongly

urged to guard the well and spring from all possible bad drain-

age. Sink drainage should be conducted at least 100 feet or

more away from the well and properly cared for, privy vaults

should be located a similar distance and be frequently cleaned
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and made water tight. Barns should not be located near wells

or springs when the water is to be used for either human or

animal consumption.

Lead pipe should never be employed for conducting drink-

ing water ; in case it is in use its removal is urged and iron pipe

coated with asphaltum or galvanized iron pipe substituted.

Lead is a poison^ and if it once gains access to the system it

is difficult to eliminate. The station frequently finds lead in

drinking water when lead pipe is used, and cases of lead poi-

soning are of common occurrence. Beware of lead pipe

!

(e) Miscellaneous.

This division has co-oj^erated with the Association of Official

Agricultural Chemists in a study of methods for the determina-

tion of the various ingredients in condensed milk. The results

have been reported to the association.

(/) Testing of Pure-hred Cows.

The experiment station continues its work of testing pure-

bred cows for the various pure-bred cattle associations. This

work is often confused with the work of cow-testing associations.

The work is entirely different, in that pure-bred cows are tested

under the rules of their respective associations, while the cow-

testing association is purely local, and may include any or all

breeds. One man is employed practically all of the time in

connection with the Guernsey, Jersey and Ayrshire tests, which

usually run for one year, it being necessary for the supervisor

to visit the farms where the animals are on test once each month.

The Holstein tests are of much shorter duration, usually from

seven to thirty consecutive days, and require the presence of the

supervisor during the entire test. For this work it is necessary

to depend on men who cannot be regularly employed. Such

men are difficult to obtain, and there is at times considerable

trouble in obtaining men to fill all applications.

During the past year 20 yearly Guernsey, 5 seven-day and

56 yearly Jersey tests have been completed. Eor the Holstein-

Friesian Association 63 seven-day, 5 fourteen-day, 10 thirty-

day and 1 forty-four day tests have been completed. There are
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now on test for yearly records 54 Jerseys, 21 Guernseys and 6

Ayrshires. It is believed that the semi-official yearly tests

would give a much better indication of the true productive ca-

pacity of an animal than tests of shorter duration.

5. Special Chemical Woek.

Work in the laboratory has also been carried out on the

chemical composition of soils, butter fat and insecticides, and is

being continued at the present time. This work forms a part

of various investigations which are in progress, and it is not

considered necessary to more than mention it in this connec-

tion.
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REPORT OF THE BOTANIST.

G. E. STONE,

The work of this department during the past year has con-

sisted in the usual routine work, correspondence, seed testing

and research work dependent upon some phase of pathology and

physiology. The laboratory work has been carried on by Mr.

George H. Chapman, with occasional aid from students and

recent graduates, and Miss J. V. Crocker, besides attending to

other duties, has had j)i'actically entire charge of the seed testing.

During the past year a conservatory, 28 by TO feet, divided

into compartments, with a lean-to and a propagating pit, has

been added to Clark Hall, A part of this will be used for

various experiments with market-garden and florist's crops

during the coming year.

The past summer and fall have been unusually dry and have

proved to be very severe for vegetation. Many public reservoirs

have been unusuallv low, and wells which have never been

known to fail in their supply of water have been completely dry

this fall ; in fact, the drought has been the worst known for

many years. The season preceding this was also exceptionally

dry, although followed by much rain in the fall ; and the winter

following was responsible for some winter-killing of peach

tree roots.

This year's drought affected potatoes severely, causing much

sun scald of the foliage, and was responsible for a small yield.

The results of good feeding, tillage and spraying, however,

were noticeable on the yield. There was very little blight of

potatoes due to fungi, although here and there might be found

evidence of the early blight and Cladospo7ium, which is seldom

troublesome to potatoes. The potato mildew (late blight) and

rot were not common.
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Some trouble was experienced with tulip bulbs, but there

seemed to be uo infectiou, and the trouble was apparently as-

sociated with a poor grade of bulbs on the market this season.

The peach leaf curl was more or less abundant in the spring,

and much complaint was also received in regard to sweet peas.

The diseases affecting sweet peas are obscure and need investi-

gation. There was considerable mildew on phlox, which was

in some cases associated with other difficulties, the cause of

which is not as yet clearly established. A few cases of straw-

berry winter-killing were observed ; these may have been asso-

ciated in some cases with a bacterial trouble. Specimens of

blackberries and raspberries were sent in which showed cane

blight. Crown gall was re]3orted on the peach and Carolina

poplar, and we received specimens of the latter affected with

Didy7nosphwria populina, Vuill. Some diseased specimens of

Shortia galacifolia were sent in affected with a fungus, probably

a Gloeosporium. The Baldwin fruit spot was quite common in

the fall ; this seems to be more abundant in dry seasons. A
serious Macrosporium disease of the spinach was also found to

be doing severe damage to the crop of one of our large market

gardeners.

Our attention was called at different times to the bacterial

blight and the downy mildew of cucumbers under glass. These

occur when the plants are set in August, but not if set later.

Among amateur growers of greenhouse products the misuse of

fertilizers is on the increase, and many troubles result from

applying fertilizers to soil already well provided with plant

foods. Many onion fields suffered severely from sun scald,

which in some cases was associated with thrips and in others

not. Corn smut, which is generally of minor importance with

us, was unusually abundant this year, the dry weather appar-

ently favoring it, and the apple rust, which is seldom seen in

Massachusetts, was common, although it caused little damage.

The burning of the white pine was much less severe than

during the preceding summer. Most of the burning which did

occur took place on the young buds in the spring, and as they

developed these brown areas might be noticed on the tips. The
usual fungi frequently found on the leaves were present, but no

instances of infection were observed, Frequent examination of
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tlie pine roots showed the results of the former winter-killing,

but a decided improvement of the new feeding roots was noticed.

The severe burning of the pitch pine, noticeable in some locali-

ties, is associated largely, if not wholly, with insect work.

Shade and forest trees have had much to contend with in

recent years owing to severe drought and other factors, and

some of our finest specimens of maples, elms, ash and other

specimens have been slowly dying for some years. A peculiar

trouble of the elm and sycamore has been brought to our atten-

tion many times the past few years ; that is, the loss of the

outer bark. This trouble has been noted in other States, and in

one city which was visited by us a large number of trees in this

condition was found. In some instances the injury had ex-

tended to the wood, large areas of the bark having died back to

the wood, but in most cases the trouble is confined to the outer

bark. In such instances no permanent damage will result.

This injury dates back to the cold winter of four or five years

ago. Some large sycamore trees shed their outer bark to the

ground, causing much concern to those who prize them highly as

shade trees.

Much premature defoliation and sun scald have occurred

during the past two summers, but this sun scald has not been

confined to city and village trees. It is often seen on trees

growing in their native habitat.

Seed Woek.

There has been an increase in the seed work of the past year,

samples for germination tests having been received from many

more growers than ever before. Eight hundred ninety-eight

pounds more seed were separated than in the year 1907. By
the aid of the new methods and improved apparatus which have

been adopted the work was done with greater facility than has

before been possible.

During the past year attention has been given to the further

development of apparatus for the separation of seed. One of

the worst contaminated seeds which the farmer has to contend

with is grass seed, and at the present time we have no suitable

methods for separating certain weed seeds from the grass seed.
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In the coming year we exj)ect to give this problem further con-

sideration.

Onion and tobacco seed constitute the bulk of the seed re-

ceived for separation. Both of these crops are grown extensively

in the Connecticut valley. The object of separation is, of course,

to discard the small seed and chaff, leaving only the large and

heavy seed for planting. The percentage of the seed discarded

varies somewhat. This would naturally be expected, as the seed

comes from different dealers and varies in size and quality, al-

though much of the tobacco seed is home grown.

In some of our seed separation work the amount discarded

depends upon the percentage of germination of the sample.

Certain growers make a practice, before purchasing in bulk,

of obtaining samples, which are sent to the experiment station

for testing. A certain percentage of the small seed is blown

out, and the original sample, as well as the large and small

seed are tested for germination. The results are then sent to

the grower, and if satisfactory he purchases in bulk and requests

that a certain percentage be blown out.

Small seeds, like tobacco, which are received in small quan-

tities, are sej^arated in glass tubes with bulbs of a special form,

and in this form of separation, which is fully described in Bul-

letin No. 121 of this station, we make use of fifteen pounds' air

pressure. The larger seeds, like onion, are separated by a spe-

cial winnowing machine, given a constant speed by an electric

motor. The machine is so arranged that a bushel or more may

be separated at one time.

Careful germination tests were made again this year to prove

the value of seed separation, and experiments in planting the

different grades of separated seed were also made in co-opera-

tion with growers in different parts of the State.

The following tables give an outline of the seed work which

has been done the past year :
—
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Table 1.— Records of Seed Germination, 1908.

Kind of Seed.

Oniou, .

Tobacco,

Celery, .

Com,

Lettuce, .
-.

Pansy, .

Miscellaneous,

Number
of

Samples.

65

10

24

5

7

50

35

196

Germination.

Average
Per Cent.

Highest
Per Cent.

74.2

7S.2

79.0

87.9

99.0

86.9

82.7

98.5

97.0

9S.0

100.0

100.0

100.0

100.0

Lowest
Per Cent.

20

35

60

95

59

7

Table 2.— Records of Seed Separation, 1908.

Kind of Seed.
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with the celery. The average percentage of germination shown

is good when one considers the large amount of poor seed which

is yearly placed on the market.

Farmers who use large quantities of seed are naturally

more particular about its quality than those who purchase small

quantities. Tobacco and onion growers and market gardeners

may be considered specialists, and the quality and source of the

seed which they purchase are important items with them, making-

it a matter of good business to obtain the best seed from the most

reliable firms. Since practically all tobacco men grow their own

seed they have an opportunity to exercise great care in the

selection of their seed plants, and onion growers purchase from

reliable dealers ; but the general farmer and the individual who

plants only his vegetable and flower garden need only small

quantities of seed, and often purchase the so-called " packets "

(commission seed) from the local dealer. These seeds are often

not true to name and are too frequently worthless as regards

quality.

Mr. Edgar Brown ^ in charge of the United States Depart-

ment of Agriculture Seed Laboratory, found that the average

germination of 2,^78 packets, including 26 kinds from 27 seed-

packeting houses, was only 62.2 per cent.

The average germination of seeds from one firm was only 37.3 per

cent., and from another 44.3 per cent.

The variation in germination of different packets of the same kind of

seed from the same firm was in several cases more than 90 per cent.

By 21 of the 27 seedsmen whose seed was tested, 200 lots of seed were

put up which germinated 10 per cent, or less.

By 13 packeting houses 62 lots of seed were put up which entirely

failed to germinate.

The avei'age germination of the " commission " seeds tested was 25.7

per cent, lower than that of those sent out in the congressional seed

distribution during the past six years.

It is quite evident from the results of Mr. Brown's investiga-

tions on seeds— and there is no reason to believe that the re-

sults are different than would be obtained from any testing—
that we are sadly in need of seed legislation. However, the

large dealers in seeds who sell direct to the consumer are not,

1 Bulletin No. 131, Bureau Plant Industry, United States Department Agriculture, 1908.
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as a rule, unscrupulous, most of them testing their own seed,

as they do not care to injure their business by unloading on

the public seeds which are worthless. They do not, however,

as a rule, guarantee purity or the percentage of germination.

Twelve purity tests of clover, alfalfa and mixed grass seed

were made, the highest percentage being 99.4, the lowest 85.3.

The impurities found in our seeds are largely weed seeds of a

noxious nature. One farmer informed us that after seeding

down his large piece of land it required considerable time and

expense to pull up the dock which had established itself in his

field as a result of using seed which contained seeds of this

noxious weed. There is constant complaint in regard to the

impurity of seeds, and a considerable burden is imjiosed on the

farmer by his being obliged to waste time and money in exter-

minating the noxious weeds introduced in his grass seed. It

should be stated, however, that all weeds found in newly seeded

land do not necessarily come in the grass seed. The past sum-

mer many lawns planted with the best seed obtainable produced

nothing but pigweed, crab grass, etc., for the soil moisture, on

account of the drought, has been insufficient to start grass and

clover, while it is one of the characteristics of many weeds that

they possess a wide range of adaptability, and will survive under

conditions which would be disastrous to grass and clover.

Seed to be tested or separated should be sent by mail or

express to G. E. Stone, Massachusetts Agricultural Experiment

Station. The work is done gratuitously by the station for people

living in the State, but the postage or express charges should be

paid by the person sending the samples.
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KEPORT OF THE ENTOMOLOGISTS.

C. H. fernald; ir. t. fernald; j. n. summers.

During 1908 the entomological work of the experiment sta-

tion has progressed along the usual lines. The correspondence

has been extensive, requiring much time and often a consider-

able amount of study before all the inquiries received could be

satisfactorily answered. The year has been a favorable one

for the increase to destructive numbers of many different kinds

of pests, and this condition has been reflected in the letters

received.

The experimental work of the division has been the continu-

ation of investigations previously begun, these requiring so

much time as to practically prevent taking up additional lines

of research. Tests of the resistance of muskmelons under glass

to the effects of hydrocyanic acid gas have been continued, but

have not as yet been completed. A determination of the best

methods for the control of the cabbage maggot was started in

the spring, but, as was the case the preceding year, almost no

maggots appeared either in the experimental portion or else-

where in the field, so that no results of any great value could be

obtained. This, though disappointing, only signifies that the

experiments must be continued until the maggots become suf-

ficiently abundant to give real tests as to the value of the dif-

ferent treatments ; and as these must be begun before the

maggots appear, it is very possible that the work may require

repetition for several years before any data can be obtained.

Observations on the dates of the appearance of the young of

the more common and injurious scales have also been continued,

adding to our knowledge of this subject and making it possible

to more nearly set the date limits within which spraying for

these insects must be done in order to be effective ; but these

observations have not thus far covered a sufficiently long term
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of years to j^rovide comj)lete data, and they will therefore be

continued.

The importance of the second brood of the codling moth in.

Massachusetts is also still unsettled, though the facts for an-

other year can now be added to those previously collected.

This question is an important one, as the answer to it may
determine the value of a late treatment for this insect.

The onion thrips was a less serious pest in 1908 than in the

preceding year, if conditions in all parts of the onion-growing

region be considered, though it was very injurious in some

places. This insect, w^hich is widely distributed both in Europe

and the United States, is known to feed on about fifty different

j)lants, and was reported by Packard in 1872 as seriously in-

juring onions in Essex County, Mass., causing a probable loss

there that year of $10,000, and as having been known as an

onion pest in that region for about fifteen years.

Various methods for the control of this insect in the onion

fields have been tested during the past two years, with more or

less success, but without entire satisfaction, and it is now the

intention to try other measures for its destruction, and extended

experiments along these lines will be undertaken during the

coming season.

The results of tests of a new material for the San Jose scale,

referred to in the last report, were encouraging and were there-

fore repeated last spring, but with less success, the material

seeming to be different from that previously used. It is prob-

able that farther experiments with this substance will be neces-

sarv before its real value can be determined.

The cranberry insect investigations, conducted at AVareham

during the summers of 1906 and 1907 by Dr. H. J. Franklin,

have resulted in many additions to our knowledge of these pests,

and have led to the formulation of numerous recommendations

as to methods of treatment. Practical tests of these, repeated

for several years, would now be in order, but to make them,

entire control of a bog is necessary, and it has thus far proved

impossible to obtain a bog for experimental purposes of this

kind except on terms which could not be accepted. Under such

circumstances it has been impossible to accomplish much during

the past summer, and it would seem doubtful if very much more
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can be done as long as i^resent conditions remain unchanged.

Bulletin JSTo. 126 contains the conclusions drawn from this

work thus far.

Studies on the distribution of insect jDests in Massachusetts,

and of the factors determining this, have been continued since

the last report, but the pressure of other work has prevented

much progress in this line. It has become evident, however, that

in southeastern Massachusetts the climatic conditions are such

that many animals and plants can survive the winters there

when this would not be possible in most, probably any, other

parts of the State. Study of the lines of dispersal of insect

pests shows many southern forms spreading to the north and

east from their earlier homes, together with a probably gradu-

ally increasing jDower of resistance to low temperatures. This

indicates that some, at least, of these insects may be able to

live in the southeastern portion of this State if they once reach

so far. The reverse condition also holds for northern forms,

some of which can undoubtedly live and become injurious in

the colder parts of the State. To determine the limits of the

possible distribution of these pests is important, as this knowl-

edge will be of much practical utility. It is hoped that more

time can be devoted to this subject in the future.

Spraying has been from its very beginning an empirical sub-

ject. Many thousands of experiments have been made and the

results compared, to learn the causes of success and failure.

In spite of this little real progress has resulted in the determina-

tion of the fundamental principles, or what might perhaps be

termed the science of spraying. Thus far the work has been

done wholly with commercial materials varying in composition,

both qualitatively and quantitatively, and in most cases with

no knowledge of the nature of the variations. The only new

line of research taken up by this division during the past year

has been on this subject. The plan is to obtain the various

stomach poisons in as nearly an absolutely pure condition as

possible; to determine their exact composition, qualitatively

and quantitatively, and then to test them on foliage of different

kinds, under varying conditions of heat, light, temperature,

humidity and wind, and to study the results in the hope that

by working with materials of unusual purity and known com-
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position certainty in results may be obtained; and with these

as a basis for comparison, to extend the investigation to the

ordinary commercial materials, and ultimately to find an ex-

planation for the diverse and often contradictory results so

frequently met with in commercial spraying. In this work the

services of the chemical division are necessary in making chemi-

cal studies of the different materials ; of the entomological

division in the preparation and application of these materials,

and in the study of the results ; and very possibly the botanical

division may be called on for assistance in an examination of

the effects of these treatments on the plant tissues. The field

for experiment in this subject is very large, and at present we

have very little accurate, positive knowledge of it. Thus far

the work has not progressed sufficiently to give any results, and

ten years promises to be too short for its entire completion,

but already some significant points have developed which indi-

cate that this investigation will be well worth all the time which

it will require.



1909.] PUBLIC DOCUMENT— No. 31. 63

REPORT OF THE HORTICULTURIST.

DEPARTMENT OF HORTICULTURE.

F. A. WAUGH, horticulturist; F. C. SEARS, POMOLOGIST; J. K. SHAW,

ASSISTANT.

The work of the department of horticulture during the year

1908 has followed the lines already adopted and set forth in

former reports. The most important piece of new work under-

taken is a series of orchard experiments in South Amherst, in

which the pomologist, Professor Sears, co-operates with the di-

rector, Professor Brooks.

During the year some changes have been made on the staff.

Prof. F. C. Sears has been added as pomologist, and Prof.

E. A. White has been temporarily detached from service as

florist. Mr. C. S. Pomeroy resigned September 1 to take up

work with the United States Department of Agriculture, and

his place was filled by the appointment of Mr. J. K. Shaw, a

graduate of University of Vermont and of Massachusetts Agri-

cultural College.



64 EXPERIMENT STATION. [Jan.

REPORT OF THE METEOROLOGIST.

J. E. OSTRANDER.

At the close of the year the division will have the meteorologi-

cal records for this station for a period of twenty years. The

temperature records for the first year of the period (1889) are

not complete, otherwise the records are nnbroken.

The policy of the division in general has been to make as

few changes as possible in methods of observation or in character

of instruments, in order that the comj)arisons for the different

years may be as reliable as is desired.

Five years ago a change was made from tridaily to semidaily

observations, so as to conform with the practice of the United

States Weather Bnrean, — this station having become a volun-

tary observer of that bureau at about that time. It is not thought

that the change has sensibly affected any of the records, so that

they may not safely be compared with the records existing before

the change was made.

An electric sunshine recorder was installed about two years

later, which increased the precision of the sunshine records

without materially affecting the mean values.

During the past year the work has continued along the same

lines as heretofore,— instrument readings taken at 8 a.m. and

8 P.M., self-recording instruments kept in working order, and the

records transcribed weekly in a jDermanent record book.

The usual monthly bulletins, containing the more important

daily records and remarks on the general character of the

weather during the month, have been regularly issued, and the

annual summary will form a part of the December bulletin.

The New England section of the United States Weather

Bureau has furnished us daily, except Sunday, with the fore-

casts for this section of the State, and the flags indicating the

probable weather for the following day have been regularly
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displayed from the flagstaff over the tower. The flags are five

in number, namely, a white flag, indicating fair weather; blue

and white, indicating local showers; blue, indicating rain or

snow ; white with black center, indicating a cold wave or a drop

of more than 20° in temperature for the next day, or the first

frost of the season. The first three read downward on the

staff. When any of them are displayed together, as white

above blue, it means fair followed by rain or snow. A trian-

gular black flag is the temperature flag, which displayed above

the others indicates rising temperature or warmer, and dis-

played below the others falling temperature or colder. The

cold-wave flag is never displayed with any of the other flags.

The usual weekly snow reports are being sent to the Boston

office this season as heretofore and the voluntary observer's

reports are sent there monthly.

A summary of the twenty years' records is nearly complete

and will be ready for publication soon after the close of the year.

I would recommend that it be published as a part of this

report.
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EFFECT OF SOY BEAN MEAL AND SOY BEAN OIL
UPON THE COMPOSITION OF MILK AND BUTTER
FAT, AND UPON THE CONSISTENCY OR BODY OF
BUTTER.

BY J. B. LINDSEY, E. B. HOLLAND AND P. H. SMITH.

EXPERIMENT IX.

This experiment is the continuation of a series designed to

study the effect of different foods and food groups upon the

character and comj)osition of the product of the dairy cow.

Object of the Experiment.

The object of the experiment about to be described was to

determine the effect of soy bean meal with a minimum per-

centage of oil and of the soy bean oil (a) upon the proportions

of the several milk ingredients
;
(b) upon the chemical character

of the milk fat; and (c) upon the consistency or body of the

butter. It was desired, further, to observe the effect of both

the beans minus the oil and of the oil itself upon the separation

of the fat from the milk serum, time of ripening of the cream

and the thoroughness of the churning process. The present'

investigation, then, may be spoken of as a study in milk secre-

tion to note the effect specific foods and food groups have in

modifying the character of the milk product. Studies of the

effect of different food groups upon the percentage composition

of the milk, nnd upon the chemical character of the butter fat,

have been made by other investigators. It is not intended, at

this time, to review the work of others. References, however,

will be made to it whenever the circumstances seem to require.

Plan of the Experiment.

Twelve cows were divided into two lots of 6 each, to be

known as herds I. and II. During the first period of four

weeks (the first two preliminary) both herds received the same
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ration, which is spoken of as the normal ration. Dnrins; the

next period Herd I. continued to receive the normal ration,

and Herd II. received an addition of soy beans minus oil,

which replaced a like amount of the normal grain ration. Dur-

ing the third period Herd I. continued to receive the same

ration as in the two preceding periods, and to the ration of

Herd II., after it had been brought back to the normal grain

ration, was added a definite amount of soy bean oil. This

method was followed instead of adding the oil direct to the soy

bean meal ration because of the shortage of soy bean meal, and

since it was feared that the bean and excess of oil would have

too great a laxative effect upon the animals. The method of

feeding enabled one to note the direct effect of soy bean meal

and the soy bean oil uj)on the chemical character of the milk

and butter fat.

Table I.— Duration of Experiment, 1907.

Periods.
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Feeding and Care of the Animals.

The cows were housed in the station barn, especially set

apart for feeding experiments. Each animal was kept in a

roomy stall, well carded and turned daily into a yard for several

hours when the weather conditions permitted. The barn was

heated to a temperature of about 50° F., and particular atten-

tion was paid to ventilation and the admission of sunlight. The

feed was given in two portions daily, and water was kept con-

tinually before each animal by means of the Buckley self-

watering device.

Weighing.

Each cow was weighed for three consecutive days at the be-

ginning and end of each period, the weighing being done in

the afternoon, before feeding.

Character of the Feeds.

The hay was composed largely of Kentucky blue grass with

an admixture of some clover, sweet vernal and a little orchard

grass. It was cut when in bloom, well cured, and was con-

sidered a first-class hay for milk production. Washburn-

Crosby's spring bran was used ; the oats were bought in one lot

and were of extra quality; the corn meal, gluten feed and cot-

ton-seed meal were satisfactory both in appearance and com-

position. The so-called normal grain ration was composed of

the above feed stuffs mixed in the following proi:)ortions : 2

pounds bran, 3 pounds ground oats, ly^ pounds corn meal, 11/4

pounds gluten feed and ^ pound cotton-seed meal. It is not

claimed that this ration had any sui)erior advantages over

others; it had been found by experience, however, that such a

mixture could be fed with comparative safety, and would pro-

duce a firm butter, free from any objectionable flavor; it was

used, therefore, as a standard for the comparison of other feed

stuffs. The soy bean meal was derived from a number of varie-

ties, the medium green and southern yellow predominating.

They were shipped to the V. D, Anderson Company of Cleve-

land, O., and the oil extracted by pressure. The green variety,
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according to information from the above firm, furnished 8 per

cent, of filtered oil, while the southern variety yielded 11 per

cent. The pressed cake from the several varieties was mixed and

ground before being fed; the oil from the several containers,

which was of a dark brown color, was mixed previous to feeding.

According to Lewkowitsch the bulk of the solid fatty acids in

the oil consists of palmitic acid and the liquid fatty acids of oleic

and linolic acids. ^ Our tests showed it to have a saponification

value of 191.95, a Hehner number of 95.31 and an iodine value

of 130.77. Its chemical character will be more fully discussed

in a separate article.

Sampling the Feeds.

The hay was sampled at the beginning of each period and

every two weeks thereafter. This was considered sufiicient to

furnish reasonably satisfactory information concerning its

chemical character. Forkfuls were taken from difi^erent parts

of the pile, run through a cutter, subsampled, and the reduced

sample placed in a large glass-stoppered bottle and taken to the

laboratory. A dry matter determination was made immediately

and a definite weight of each individual sample composited.

The normal grain ration and the soy bean meal were sampled

daily into glass-stoppered bottles and dry matter determinations

made at the end of the periods. In case of the normal ration,

one analysis was made from a mixture of the three different

samples.

Sampling the Milk.

The milk of each cow was sampled twice daily for five con-

secutive days of each week of the trial, and preserved with

formalin in tightly corked bottles. The method of sampling

consisted in mixing the freshly drawn milk with a perforated

tin disk, 8 inches in diameter, fastened to the end of a rod.

This disk was drawn slowly up and down through the quantity

of milk a number of times, and then a small dipperful was

immediately removed.

> Technology of Fats, Oils and Waxes, third edition. Vol. II., p. 506.
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Disturbances duehstg the Experiment.

The first j^eriod passed with each animal in excellent condi-

tion. Ten days previous to the end of the second period,

Blanche, of Herd II., produced very soft faeces, although her

general health appeared to have been in no way seriously af-

fected. For the remainder of the period her hay was reduced

4 pounds daily and only one-half her usual allowance of grain

given. We also endeavored, by the use of tannin and gentian,

to correct the trouble, but it manifested itself more or less

during the remainder of the experiment. This necessitated

a reduced daily hay and grain ration, and the feeding of not

over one-third the amount of oil supplied to the other cows.

Towards the close of the third period Red 11. began to show

signs of a disturbed digestion, although she took her regular

ration until the end of the period, after which it was necessary

to reduce her food supply. It is believed that the oil was

responsible for the condition of the latter cow.

Table HI.— Total Feed consumed by Each Cow (Pounds).

First Period : normal gi-ain ration.

Jffei-d I.

Name.
Normal
Grain
Ratiou.

Soy Bean
Meal.

Soy Bean
Oil.

First Cut
Hay.

Daisy, .

May Rio,

May,

Cecile, .

Gladys, .

Betty, .

98

98

112

98

112

112

280

238

280

210

252

238

Herd IT.

Blanche,

Fancy, .

Susie,

Samantha,

Maude, .

Red II., .

322

247

196

308

252

322
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Table III.— Total Feed consumed by Each Cow (Pounds) — Con.

Second Period: Herd I., normal grain ration; Herd II., soy bean meal ration.

Herd I.

Name.
Normal
Grain
Ration.

Soy Bean
Meal.

Soy Bean
Oil.

First Cut
Hay.

Daisy,

May Rio,

May,

Cecile, .

Gladys, .

Betty, .

196

196

224

196

224

224

560

476

660

420

512

476

Herd II.

Blanche,
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Table IV. — Average Daily Rations for Each Cow {Pounds).

First period : both herds, normal grain ration.

Heeds.
Normal
Grain
Ration.

Soy Bean
Meal.

Soj- Bean
Oil.

First Cut
Hay.

Herd I., .

Herd II.,

7.5

7.5

17.8

19.6

Second period: Herd I., normal grain ration; Herd II., soy beau me.al ration.

Herd I., .

Herd II.,

17.9

19.3

Third period: Herd I., normal grain ration; Herd II., soy bean oil ration.

Herd I., .

Herd II.,

Table III. shows the total feed consumption of each animal

in the two herds. Table IV. shows the average daily consump-

tion of each cow in both herds. In the first period the cows

in Herd I. consumed daily from 6 to 8 pounds of grain and

those in Herd II. from 5 to 10 pounds, the average being the

same in both herds. The cows in Herd II. consumed rather

more hay than those in Herd I. In the second period Herd I.

continued to consume the same amount of grain as in the first

period and substantially the same amount of hay. In the case

of Herd II. it became necessary to cut dovni the amount of grain

for two of the cows, so that the daily total average was i/o

pound less than in the first period. The soy bean meal replaced

the normal ration in amounts varying from 11/) to 3 pounds

per diem, with a daily average of 2.3 pounds. The amount of

hay was about the same as that consumed in the first period.

In the third period Herd I. continued to consume the same

kinds and amounts of food as in the previous two periods.

With Herd II. the soy bean meal was replaced by an equal

amount of the normal grain ration, and to this was added for

each cow from .25 to .83 of a pound of soy bean oil, with an

average daily consumption of .6 of a pound. This amount

of oil did not seem to in any way interfere with the normal
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condition of the herd, except in the instance previously noted.

The average daily consumption of hay decreased .7 of a pound

during this period. It may be stated that the amount of hay

and grain fed daily depended partly upon the calculated nu-

trients needed by the animal and partly upon the animal's

individuality. This latter condition can only be ascertained by

being in close touch with each cow and by careful observation.

If an animal appeared to be having more than she could consume

to advantage, or did not eat clean her daily allowance, the

ration was reduced in amount.

Table V.— Average Dry flatter and Digestible Nutrients in Bortion of

Each Cow {Pounds).

First period: both herds, normal grain ration.
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.

fed in previous experiments of a similar nature.^ The present

normal ration differed, however, somewhat from the former, as

will be seen from the following statement :
—

Present Normal Bation.
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Table VI.— Average Weight of Each Cow at Beginning and End of

Each Period (Pounds) — Con.

First period, Herd II.
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In the first period the first weights were made at the begin-

ning of the preliminary period; in the other two periods at

the beginning of the periods proper. In the first period Herd

I. showed only slight variations, excepting May, which lost

some 53 pounds, and evidently was not receiving quite suffi-

cient nutriment. In the same jDei'iod Maude was evidently

eating a little more than was required.

In the second period proper of 28 days, 4 of the cows in

Herd I. showed a little loss in live weight ; the animals in Herd
II. manifested only slight variations, exceiDting Samantha and

particularly Blanche. Samantha during most of her milking

period did not apj)ear to be in first-class condition, although she

ate her food clean and gave no evidence of pronounced indis-

position. The loss in live weight in case of Blanche was due

to the intestinal disturbance already referred to. In the third

period both herds made a noticeable increase of weight, due to

the advance in lactation and the consequent milk shrinkage.

Table VIT.
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Table VIII. — Total Amouyit of Milk produced by Each Cow in Each

Herd (Pounds) — Con.

Herd II.

Cows.
First Period,
Fourteen
Days.

Srcond Period,
Twenty-eight

Days.

Third Period,
Twenty one

Days.

Blanche,

Fancy, .

Susie,

Samantha,

Maude, .

Red II., .

Average,

336.47

270.94

144.33

328.70

158.96

384.56

270.66

649.28

545.88

312.03

731.02

293.66

811.15

557.17

466.58

439.55

248. (B

562.82

201.40

444.28

393.89

Table IX.— Average Amount of Milk produced daily by Each Cow
{Pounds).

Herds.
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m
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Each analytical determination in the above table was from a

five-day composite, taken as previously described. The total

solids were determined by drying on sand ; the fat by extracting

the sand residue with water-free ether, and also by the Bab-

cock method ; the ash by evaporating the milk in a platinum

dish with nitric acid and burning the residue at a low red heat

;

the nitrogen by the Kjeldahl-Guiining method; the lactose with

the aid of Eehling's solution and the Low " zinc-acetate

"

method.

In the second and third periods the partial composition of

the milk was ascertained during the preliminary period in

order to note any immediate change resulting from the feeding

of soy bean meal or soy bean oil.

In the first period Herd I. produced milk with a slightly

higher percentage of total solid matter than did Herd II. ; this

evidently was due to the higher fat percentage in the former

milk (5.38 against 5.14). The percentage of ash, nitrogen and

lactose were nearly the same in each case. It may be said

that the chemical composition of the milk from each of the

two herds of 6 cows each, when fed the same ration, was sub-

stantiallv alike.

The addition of the soy bean meal (average of 2.3 pounds

per cow daily in place of a like amount of normal grain ra-

tion) did not appear to have any noticeable effect upon the

total solids or fat percentages of the milk produced by Herd

II. during the preliminary period of two weeks. During the

period proper, lasting four weeks, the average percentages of

fat and solids not fat in case of both herds showed only slight

differences from those in the first period,^ and the same may be

said of the lactose percentages. The ash and nitrogen per-

centages of the milk yielded by Herd I. were quite similar to

those in the first period, while with Herd 11. the ash showed a

slight decrease and the nitrogen a very slight increase. One,

however, would not consider it wise to attribute these variations

directly to the modification of the grain ration.

1 During the week of February Ifi to 21 the fat iiercentajros as determined by the gravi-

metric method Increased iiercei)til)ly, a change which cannot be accounted for. In most

cases the gravimetric method gave lower results than the Babcock, while in this instance

the reverse was the case.
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In the third preliiiiiuaiy period, lasting from March 9 to

30, during which time the soy bean meal was removed and the

oil added to the ration of Herd II., total solids and fat deter-

minations were made in order to note any changes which might

result during the process. No change could be observed, how-

ever, that might be attributed to the oil. In the three weeks

of the period proper it is to be noted that the total solid matter

in the milk produced by Herd I. had increased a little (from

14.8S in the first period to 15.12), due to the advance in lac-

tation. The milk produced by Herd 11. in the third period

l^roper remained remarkably even in composition, and one

could not say that the addition of the oil to the ration pro-

duced any noticeable effect in varying the proportions of its

several constituents.

The above results are somewhat different from those secured

with linseed,^ cotton-seed,^ and corn oils,^ where there appeared

to be an increase in the fat content of the milk (.15 to .50 per

cent.) which lasted, however, in two out of three cases only for

a week or two; the nitrogen was, on the contrary, slightly de-

pressed.

After the completion of the third period the soy bean oil

was suddenly remo'ved and the composition of the milk analyzed

and recorded. It will be seen that the percentage of fat in the

milk of Herd II. suddenly dropped several tenths of a per

cent., and after an interval of ten days began to come back to

normal. Similar results were secured in previous experiments.

This, it would seem, indicated that the fat in the food helped

in the formation of the milk fat, and its sudden removal caused

a temporary milk fat decrease. The animal, however, soon

corrected the condition by making the fat from other sources.

Flavor of the Mill-. — A sample of each cow's milk was

taken several times during the second and third periods, and

tested for odor and flavor, by two different parties, both when

cold and warm. The milk was taken by one of the chemists

immediately after it had been drawn, and was placed in thor-

oughly cleaned and well-dried glass-stoppered bottles. Each

cow was given a number, so that the parties making the ob-

1 Hatch Experiment Station, 13th report, p. 19.

2 Hatch Experiment Station, 14th report, p. 1G4.

3 Hatch Exijeriment Station, 16th report, p. 50.
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servations would not know whether the sami3les came from one

herd or the other. In the second period no differences or

peculiarities were noted. In the third period the milk from

each cow likewise appeared quite normal, except that produced

by Red II., which had a strong odor and taste, which became

especially pronounced towards the close of the period. This

was due directly to the condition of the cow already referred to.

In neither the second nor third period did it seem possible to de-

tect any objectionable condition due to the soy bean meal or

oil.

Chemical Coynposiiion of the Butter Fat. — In describing

this experiment it is not intended to discuss the constitution of

the butter fat molecule. It is believed that butter fat consists

primarily of the triglycerides olein, palmitin, myristin and

butyrin, united in simple molecules. Investigations by J. Bell,^

Blythe" and others have indicated, however, that a portion of

the different fatty acids may be bound* together in a complex

molecule (C;jll5^). In the tables of analyses which fol-

low, all of the important constants are given as well as

considerable other data of interest, a portion of which was

obtained by actual analysis and a portion by mathematical cal-

culation. The results are indicative of the changes which took

place when an excess of soy bean oil was fed, but the methods

thus far available are not adequate to give a complete under-

standing of the changes brought about as a result of the ad-

dition of oil to the ration. Such knowledge can be secured only

by a more exhaustive investigation of the chemistry of the

entire subject. Work along this line is already planned.'^

The analyses in connection with the present experiment were

made by Mr. E. B. Holland, assisted by P. II. Smith and L. S.

Walker. The methods followed were substantially those of the

Association of Official Agricultural Chemists, with such modi-

fications as circumstances seemed to warrant. It is not con-

sidered necessary to describe the several methods in detail.

1 Chemistry of Foods, second e<lition, p. 44.

2 I'rocecdings of Clicinical Society, 1889, p. 5; from I.cwkowitsch, tlilrd edition. Vol II.,

p. 839.

8 For lack of space it lias been necessary to hold a number of valuable |)apers for later

publication. It is hoi)ed to include these, and a report U))on an original investi}?ation now
in pi-ofiress by Dr. 11. 1). MacT>aurin on "The Constitution of Fats and the Chemistry of

Fat Formation," in our uc.xt annual report.



1909.] PUBLIC DOCUMENT— No. 31. 83

Sufficient information will be given in the proper place to enable

the reader to have a clear understanding of the processes em-

ployed.

The butter from which the samples for analyses were prepared

was taken shortly after churning, melted, filtered through a

jacketed funnel into clean bottles, stoppered, and set away at an

approximate temi^erature of 40° to 45° F. until used. The

samples of fat were examined as soon as possible after the close

of the period ; it is evident, however, that some four to six weeks

elapsed between the preparation and examination of the first

samples. This, in some resjDects was unfortunate, inasmuch as

slight changes would occur. Because of the large number of

samples to be examined the condition could not well have been

avoided. It is believed that the low temperature and the ex-

clusion of air prevented any serious changes. Each analysis

represents a composite of two weekly samples.
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CO
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The saponification or Kottstorfor value rej^resents the num-
ber of milligrams of i3otassiiini hydrate necessary to completely

saponify one gram of fat. In case of butter fat, Brown ^ states

that the probable mean- is 228.5, with extremes of 22-1 and

234.9; Thorpe'^ shows variations of from 219.7 to 232.6.

In butter fat a high saponification value is accompanied by a

relatively high Reichert-Meissl value and a relatively low iodine

value. This is natural, for a high percentage of oleic acid

having a low combining j^ower would increase the amount of

iodine absorbed; and, vice versa, an increase in the percentage

of soluble fatty acids of high combining power (Reichert-Meissl

value) would increase the saponification and dej)ress the iodine

value.

In the first period it is sho^vn, in the above table, that both

herds produced butter fat with relatively high saponification

values ; such a condition may be considered characteristic of

the animals, all of which were grade or pure-bred Jerseys and

none in an advanced stage of lactation. Herd I. vielded a fat

with a little higher saponification value than Herd II. The

former herd likewise showed a higher Reichert-Meissl'* and a

lower iodine value.^ The melting point ^ of the fat produced

by Herd I. was also a trifle higher than from Herd II., although

this test is not sufficiently delicate to enable one to place much
value upon it.

The results of the various determinations all point to the

fact that in the first period, with both herds receiving the same

ration, Herd I. yielded butter fat with slightly less insoluble

fats (especially olein) and slightly more soluble fats than

Herd II.

In the second period, in case of Herd II. 2.3 pounds per day

of soy bean meal replaced a like amount of normal ration. It

may be recalled that the partially extracted soy bean meal as

fed contained some 45 per cent, of protein and 9 per cent, of fat,

while a normal soy bean meal averages about 35 per cent, pro-

tein and 18 per cent. fat. The influence of the bean on the

1 Pennsylvania Experiment Station, report, 1899-1900, pp. 226 to 245.

2 Average of 40 samples.

3 Lewkowitsoh, third edition, A'ol. II., p. 834, calculated from 357 English analyses.

4 Leffmann-Hcam modification.

6 Wijs' modification.

8 Wiley method.
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butter fat might be attributed in part to the bean protein and

in part to the bean oil. A careful study of the analytical data

fails to reveal any marked differences that could be attributed

to the change in the ration. In the butter fat from Herd II.

the higher iodine number might indicate a small increase in

the amount of unsaturated acids beyond that resulting from the

advance in the period of lactation. If such were the case the

increase in all probability would be attributed to the influence

of the oil rather than to the bean protein.

In the third period, when the bean meal was replaced by

the normal ration (Herd II.) and an average per day and head

of .6 of a pound of soy bean oil was added, striking differences

are noted. In case of Herd I. (normal ration) the Kottsdorfer

number dropped from an average of 234.58 to 231.97, — some

31/0 points, — while with Herd II. it fell from 231.59 to 221.65,

— a difference of 10 points. The former decline was due

largely to the advance in the milking period, and perhaps to a

slight decomposition in the fat, while the latter decline must

have resulted, to a considerable extent, from the feeding of the

bean oil. The Reichert-Meissl number in the fat of Herd I.

fell slightly from that in the second period (29.23 to 29.02) ; in

the fat from Herd II. it dropped from 27.05 to 23.27, showing

a marked decrease in the amount of soluble fats. The iodine

value of the fat produced by Herd I. was similar to that in

the second period, while with Herd II. it increased from 31.90

to 40.25, giving additional evidence of the increase of oleic

and possibly of linolic acids. In terms of oleic acid, by calcula-

tion,^ this increase amounts to 9.26 points, it being 35.42 in

the second period and 44.68 in the third period.

The determination of the important constants, therefore,

makes clear that the addition of the bean meal, with a high

percentage of bean protein, had little if any effect upon the

chemical composition of the butter fats. The feeding of the

bean oil, on the other hand, depressed the volatile fats and no-

ticeably increased the percentage of unsaturated acid. Whether

the bean oil entered directly into the butter fat molecule without

change resulting from its passage through the digestive and

1 Oleic acid =:
^p<^'°^ Dumber

(,,.,^,,.^1 (,„ -^ ,.on)bining weight of 127 for iodine).
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circulatory systems has not been fully demonstrated. Results

similar to the above have been secured at this station by feeding

corn, cotton-seed and linseed oils.^

In addition to a determination of the several constants re-

ported in Table XL, numerous other determinations were made
which are given in the following table :

—
1 Hatch Experiment Station, loco citato.
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The acid number, obtained by beating a definite quantity

of the fat in alcohol, allowing it to cool and titrating the solu-

tion with tenth normal alkali, represents the number of milli-

grams of potassium hydrate necessary to neutralize the free

acid in one gram of fat. The column headed free fatty acids

was calculated by the use of a mean molecular weight of 252.

Inasmuch as the butter fat was prepared directly after the

butter was made, the small amount of acidity could not be due

to the action of bacteria, since butter fat offers no suitable

medium for bacterial development. It is not believed that the

acidity was due to a decomposition of the glycerides, as the

low temperature and exclusion of air would not be favorable to

such a transformation. Brown ^ has shown that fresh butter

fat has an acid number of .50 ; Lewkowitsch^ likewise calls at-

tention to a similar condition.

In the above table it will be seen that in the first two periods

both herds showed quite similar acid numbers, varying from

.32 to .38, equivalent to from .14 to .17 per cent, of acidity. In

the third period, in case of Herd I. the acid number increased

slightly to .48, and noticeably in case of Herd II. from an

average of .32 in the second period to 1.39. This change could

not have been due to the effect of long standing, otherwise the

butter fat from Herd I. would have shown a similar condition.

It may have been due partly to the direct entrance of the soy

bean oil ^ into the butter fat and partly to the disturbance as the

result of feeding the oil.

The ether number, or difference between the saponification

and the acid numbers, represents the milligi-ams of potassium

hydrate required to neutralize the acids of the neutral fat.

N^aturally it varied with the saponification and acid numbers,

being lowest in the butter fat produced by Herd II. in the third

period.

The percentage of glycerol in fat may be determined directly

according to the method worked out by Benedict and Zsig-

mondy* and modified by Allen, ^ or in case of triglycerides it

1 Pennsylvania State College, report loco citato.

2 Lewkowitsch, loco citato.

3 The soy bean oil had an acid number of 1.27.

< Journal Society Chemical Industry, 1885, p. 610; abs. Lewkowitsch, third edition, Vol.

I., p. 283.

6 Commercial Organic Analyses, second edition, II., p. 290.
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may be calculated from the ether number.^ The above results

were secured by the latter method on the understanding that

3 molecules of potassium hydrate replace 1 molecule of

g ycero
.

—
168.474 : 92.064 : : 1 : G.

in which case G = .5465.

Multiplying the ether number, therefore, by .05465 gives the

percentage of glycerol. Direct determinations of glycerol in

neutral fats by quantitative methods, and by the above method

of calculation, have given substantially identical results. Thus,

Brown found in beef tallow 10.61 per cent, by determination

and 10.68 by calculation, and in butter fat 12.70 and 12.69

per cent, respectively.- Bell has found 12.54 per cent, of

glycerol in genuine butter fat.^ Our own results compared very

closely to the above figures, excepting in the case of Herd II.

in the third period, when the average falls to 12,04 per cent.

This is in harmony with results already presented, and indicates

a decrease in the amount of the soluble acids of high combining

power and low molecular weight and a corresponding increase

in the insoluble fats.

The percentage of total fatty acids was calculated in accord-

ance with the formula presented by Zulkowsky.'* This method,

in common with that for the determination of the glycerol, de-

pends upon the determination of the ether number. The for-

mula is as follows :
—

C3H,(ROo)3 + 3 H,0 = C3H5(OH)3 + 3 ROoH
Fat + water (54.048) = glycerol (92.064) + fatty acids.

r^ .. -A inn ,

54.048 ^ ^ ^_. 38.016 „
Fatty acids = 100 + ^^-^ G— G; or 100—^^-^ G.

Substituting the value of glycerol in terms of ether number :
—

3S 01

6

F = 100— ^^•^'" X .05465 E or 100— .02257 E.
92 . 064

The total fatty acids as presented in the tables are all quite

uniform, excepting for Herd II, in the last period, when they

increased slightly, for the reason already mentioned.

1 Lewkowitsch, third edition, Vol. I., p. 281; original by Ziilkowsky, Berichte, 16, p. 1140.

2 Loco citato, p. ilO. < Herichtc, Ifi, p. 1315.

3 Licwkowitscli, p. 833.
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The Valenta test, as modified by Allen/ was employed in

securing the reported results, and consisted in warming 3 cubic

centimeters of melted butter fat with an equal quantity of

glacial acetic acid in a test tube with agitation until complete

solution took jilace. The solution was allowed to cool while

being stirred with a thermometer and the temperature noted

at which the solution became turbid. Allen gives temperatures

of from 50° C. to 61.5° C. for pure butters. Our own temper-

atures, for some unexplained reason, were noticeably lower;

they are at least comparable. It will be noted that in the first

period Herd I. had a slightly lower turbidity point than Herd

II., showing, as have other tests, a slight difference in the com-

position of the butter fat. In the second period this difference

was more noticeable, and was very marked in the third or soy

bean oil period, amounting to nearly 12°. It would appear that

the higher the percentage of olein in the butter the higher was

the point of turbidity. Whether the excess of free fatty acids

had anything to do with the higher point of turbidity is un-

certain.

-

The refractive index on the various samples was made with a

water jacketed Abbe refractometer at 40° C, according to the

instructions given. Only in the third period in case of Herd II.

does one note a slight variation and increase over the fat pro-

duced in the other two periods.

> Lewkowitsch, p. 862. s LewkowitBch, p. 218.
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The insoluble fatty aeids, or Hehner number, were deter-

mined by saponifying in a flask a definite amount of fat with a

glycerol-soda solution, destroying the resulting soap with dilute

hydrochloric acid, solidifying the insoluble fatty acids in ice

water, and filtering; the acids, after repeated washing, solidify-

ing and filtering, were eventually weighed in the flask. It is,

of course, understood that all details and precautions were fully

observed.

In the first period Herd II. showed a slightly higher per-

centage than did Herd I. ; the same condition was observed in

the second period. In the third period this difference was

increased, due in a measure to the effect of the soy bean oil

in increasing the unsaturated acids.

The saponification number of the insoluble acids was ob-

tained by titrating the weighed acids, dissolved in alcohol with

N/ 2 alkali solution; the number of milligrams of potassium

hydrate required to neutralize 1 gram of fatty acids is the

saponification number. But very little difference was noted

until the third period, when in case of Herd 11. a noticeable

depression was observed.

The mean molecular weight (M) of the insoluble acids was

calculated from the saponification number (S) by the formula

TVT 56158

The soluble fatty acids represent the difference between the

total and insoluble acids. The fat produced by Herd I. (first

period) had rather more than did that yielded by Herd II.

(also indicated by the Reichert-Meissl number). In the second

period the fat from Herd I. contained about the same per-

centage, the amount being reduced in the third period by one-

half per cent., due, probably, to the advance in the lactation

period. Herd II. in the second period showed a slight decrease,

from 8.13 per cent, in the first period to 7.75 per cent., and

in the third period the percentage had fallen to 6.13.

The saponification of the soluble acids was calculated as

follows : knowing the saponification number of the fat, the

percentage and saponification number of the insoluble acids,

and the percentage of soluble acids :
—
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235.66 mgs. KoH required to saponify 1 gram fat.

213.89 mgs. KoH equals saponification number of insoluble fats.

86.66 equals per cent, of insoluble acids.

.8666X213.89= 185.35 mgs. KoH to saponify insoluble acids

in 1 gram fat.

235.66— 185.35= 50.30 mgs. KoH required to saponify soluble

acids in 1 gram fat.

50.30 H- .0803 = 626.46 theoretical saponification number of

soluble acids.

The mean molecular weight of the soluble acids was calculated

by the same formula as in case of the insoluble acids.

The mean juolecular weight of the volatile acids was de-

termined bj evaporating to dryness the titrated portion resulting

from the Ileichert-Meissl number. From the weight of the

salts and of the alkali present in them the mean molecular

weight can be readily calculated by the following formula :
—

40 0.58 [salts— (c.c. N/10 NaOH X 0040058)]

c.c. N/10 NaOH X .0040058 + ^^-^ o

10000 [salts— (c.c. N/10 NaOH X .0040058)]
,

.^ __
c.c. N/10 NaOH.

+18-016

Every precaution was taken and blank determinations were

made on all of the reagents and deducted.

The saponification number (S) of the volatile fatty acids

was obtained from the mean molecular weight (M), as fol-

lows :
—

Q 56158
^- M

The figures which follow represent the averages of analyses

made in the experiment described. Number I. includes an

average of all the data excepting those from Herd II. in the

third or soy bean oil period. Because the soy bean oil so dis-

tinctly modified the composition of the fat the average for this

period is j)resented by itself under Number 11. Number III.

represents the analysis of a sample of superior butter sent by

Gude Brothers of New York. Number IV. represents the

maximum and minimum tests usually recognized, with the

approximate averages.
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Table XIV. — Complete Analytical Data of Butler Fat.^

Number I. Number II. Number III. Number IV.

Number of cows, ....
Lengtii of period (days),

Number of samples composited,

Number of determinatious.

Neutral fat (per cent.),

Saponiflcation number.

Acid number

Ether number, ....
Free fat acids (per cent.) , .

Beicbert-Meissl number,

Iodine number (Wijs),

Oleic acid (per cent.) (calculated),

Melting point, ....
Valenta test,

Refractive index (40° C, N ^ ), .

Mean dispersion (N^^, — ^^),
Total fatty acids (per ceut.).

Glycerol (per cent.), .

Insoluble fatty acids (per cent.)
(Heliner number),

Sapouilicatiou number.

Mean molecular weight.

Soluble fatty acids (per cent.), .

Saponiflcation number.

Mean molecular weiglit,

Saponiflcation number of volatile
fatty acids.

Mean molecular wt. of volatile fatty
acids.

VZ

109

80

40

99.83

233.01

.38

232.06

.17

28.51

28.75

31.92

33.70

42.25

1.4530

.0(»855

94.75

12.71

86.97

212.65

264.11

7.78

618.05

90.98

553.32

101.50

^6

35

16

8

99.38

221.65

1.39

220.26

. .62

23.27

40.25

44.68

.32.91

52.97

1.4550

.00884

95.03

12.04

88.90

206.58

271.86

6.16

621.28

90.57

557.12

100.80

1

1

99.74

224.04

.57

2-23.47

.26

26.10

37.52

41.66

32.35

51.50

1.4547

.00966

94.96

12.21

88.54

205.74

272.96

6.42

652.34

86.09

549.98

102.11

227 2

219.7-233.4
.50 3

.20-. 66
228 3

223.5-234.4

24 <

26-38
33 3

25.7-37.9

32 3

31-34.7

94.85 3

94.72-94.94
12.46 3

12.24-12.79
87.5 3

85.5-90.1

214.5 3

212..')-217.0

2613
258.1-2(«.5

7.20 3

6..52-8. 96
571.7 3

563.7-.^77.3
98.12 3

97.17-99.52

Manufacture of the Butter. — The butter was made twice

weekly during the first two periods by lustructor Brintiiall of

the college dairy school, and during the last j^eriod by JST. J.

Hunting, also an instructor in the school. The cows were well

groomed and all ordinary precautions taken to insure cleanly

conditions. The cream was separated by a United States sep-

arator, and the entire process of manufacture was carried out

ill the experiment station creamery especially set aside for such

work and fitted with all modern conveniences. The complete

data of the process will be found tabulated further on.

1 In column Number IV., tlui niniibcr above represents tlie nu-aii, and tlie numbers below
Avitli t!ie (I.'ikIi l)cl\veen represent the extremes.

2 Liewkowitscli. a Brown. » Minimum generally recognized.
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Table XV.— Chemical Composition of the Butter.

First period: both herds, normal grain ration.

Samples.

Janiiarj- 16, .

January 19, .

January 23, .

January 25, .

Average,

Water.

Herd
I.

14.19

15.94

14.33

15.20

14.92

Herd
II.

14.82

14.46

14.64

14.84

14.69

Fat.
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bulk of the moisture was expelled, then dried at 100° C. for

two to three hours. The residue was transferred to an S. & S.

capsule and extracted with anhydrous ether in a continuous

extractor and the fat weighed. The sand containing the salt

was agitated with a definite quantity of water and the chlorine

titrated in an aliquot with standard silver nitrate. Curd, in-

cluding natural ash, was calculated by difference.

Th^ butter was sampled immediately after it was worked and

ready for packing. In the first two periods the analyses from

each of the two herds were much the same, with only such

minor variations as one would naturally expect. ~ In the third

period the butter from Herd II. contained noticeably more

water than that from Herd I. This is explained on the ground

that it was more difficult to work than that from Herd L, being

of a soft, salvy nature. The butter maker found that by work-

ing it more this condition would become too pronounced.

Flavor and Body of the Butter. — The writer^ made frequent

observations upon pound prints made from each of the two

herds. The butter was allowed to stand until it had reached

a uniform temi:)erature of 70° F,, and then it was tested by

pressing it with the finger, and by pushing a glass rod into it

and noting the resistance. The butter was then gradually

heated to 80° or thereabouts and further observations noted.

In the first period the several lots produced by both herds

were fairly firm at 70° F., but at 80° a soft condition was noted,

although the prints held their form fairly well. It was re-

peatedly noticed that the butter produced by Herd 11. appeared

to be slightly softer than that yielded by Herd L, and this

result must be regarded as characteristic of the herd.

In the second or soy bean meal period the samples from both

herds were quite firm at 62°, but even at that comparatively

low temperature the butter produced by Herd II. appeared to

be of a softer and more yielding character when pressed with

the finger. At 70° this difference was still more marked, and

at 80° the prints from Herd II. frequently went into a shape-

less, slushy condition.

In the third ]ieriod the above conditions were still more pro-

1 J. B. Llndscy.
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noimced. The butter from Herd I. was quite hard and firm at

70° F., and maintained its form fairly well at 80° to 85°,

while that from Herd 11. was noticeably soft at 70° and col-

lapsed into a slushy mass at the higher temperature. The

writer did not attempt to pronounce on the flavor.

Penetration Tests. — In order to still further establish the

effect of the two rations on the body of the butter, penetration

tests were made by Mr. Smith. By degrees of penetration is

meant the number of millimeters a small glass plunger, weigh-

ing 10 grams when loaded with mercury, will penetrate the

butter when dropped from a height of about 1 meter. The

prints were removed from the refrigerator and allowed to

stand for some time (over night) at ordinary room temperature.

In the morning they were generally within a few degrees of

the temperature of the surrounding atmosphere. Each print

was tested in a number of places. The detailed results follow,

and likewise a summary of the average results :
—
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Table XVIL— Average Degrees of Penetration {Millimeters),
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Table XVIII. — Butter Scores and Observations {Glide Brothers).

First period : both lierds, normal grain ration.

Flavor.
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The first two lots made in the second period he referred to

as being of about the same quality as those produced in the

first period. Samples sent from February 19 through March 7,

comjileting the second period, all appeared to him to be of the

same general character, and he did not give them any definite

score, referring to them as " off in flavor," " having a pro-

nounced tallowy and oily flavor," and not being of good grain.

It did not seem possible for him to detect any differences that

could be attributed to the influence of the food.

In the third period he noted the first few lots as having

an oily and tallowy flavor, but seemed to think that the con-

dition was not as jDronounced towards the close of the period.

Twice he criticised the body of the butter produced by Herd

II. as being a trifle sticky or greasy.

The principal criticism of Mr. Kieffer consisted in his ob-

jection to the so-called lardy or tallowy flavor in place of the

butter flavor in most of the samples. It was not possible for us

to explain the cause of this condition, neither were we able to

detect it in as pronounced a way as he. In the third period

Mr. Kieft'er did seem occasionally to note the softer body of the

butter produced by Herd 11. , although apparently he did not

consider it decidedly objectionable. Judging from his scores

and from his general criticisms he noted no jironounced differ-

ence in the butter produced by the two herds, although he con-

sidered most of the lots sent him to be of second quality, par-

ticularlv in flavor.

Table XIX.— Butter Scores and Observations {Orrin Bent).

First period : both herds, normal grain ration.

Flavor.
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Table XIX.— Butter Scores mid Observations {Orrin Bent)— Con.

Second period: Herd I., normal grain ration; Herd II., soy bean meal ration.

Flavor.
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Table XXII.— Analyses of Feed Stuffs.

Dry Matter Determinations {Per Cent.).

Hay.
Normal Grain

Ration.
Soy Bean
Meal.

First period, .

Second period,

Third period, .

89.7

89.7

89.7

89.7

90.3

88.8

92
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scorers could not detect any particular flavor in the butter as

a result of feeding the meal. The meal imparted a noticeable

softness to the body of the butter, but not sufficiently so as to

injure its commercial value excepting during the warm months.

The softness of the body of the butter was due probably to the

oil contained in the bean meal and not to the bean protein.

4. Soy bean oil depressed the volatile fatty acids (Reichert-

Meissl number) and thus lowered the saponification number of

the butter fat; it increased the percentage of unsaturated acids

(iodine number) and the total insoluble acids. The acid num-

ber and Valenta test were also increased. The oil did not no-

ticeably change the melting point of the fat as measured by the

Wiley test ; it increased somewhat the refractive index.

5. The oil caused a marked softness of the butter ; the latter

also contained some 2 per cent, more moisture than did the

butter produced by the normal ration. N^o other changes were

observed.
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SOY BEANS AND SOY BEAN OIL.

BY E. B. HOLLAND, M.SC.

1. Economic Uses.

The soy bean/ Glycine hispida, Moencli, is a native of the

Orient, where it is grown chieflv for its seed, which constitutes

one of the staj^le in-oducts. J. J. Rein- states that in China and

Japan the soy bean ranks first of leguminous crops in extent,

variety of use and value, excelling all other vegetables in nu-

tritive qualities, and when properly prepared second to none in

flavor. While soy beans are eaten jilain cooked, special foods

prepared from them seem to be more generally used, prominent

among which are several fermented products known as slioyu,

an aromatic table sauce; miso, a thicker relish; and natto, a

mush ; also a bean curd or cheese called tofu. These prepara-

tions and others are described more fully by Rein,- C. F. Lang-

worthy,^ S. IT. Angell,'* Kellner,-'^ M. Inoyue,'' II. C. P. Geer-

ligs'^ and Bloch.^ Such products, rich in protein, prove a

valuable adjunct to rice. Of the land under cultivation in

Manchuria, from one-eighth to one-sixth, according to N^.

Ssemenow,^ is devoted to the soy bean, and the production of

an edible oil from the seeds forms one of the principal indus-

tries. Soy beans are considered too valuable in the east to be

fed to horses or cattle, though the straw and sometimes the

green fodder are used for that purpose.

1 Jap.ancse, Daidzu and 0-mane.
2 The Industries of Japan, pp. 56-60, 62, 105-108.

3 U. S. Dept. Agr., Farmers' Bui. 58 (1897), pp. 20-2,3.

4 U. S. Cons. Rpts., Dec, 1897, pp. 551, 552.

5 Bui. Col. Agr., Tokyo Imp. Univ., I, No. 6; Chem. Ztg. 19 (1895), pp. 97, 120, 265; AIjs

by H. Trimble, Amer. Jour. Pharm. 68 (1896), No. 6, pp. .311, 312.

6 Bui. Col. Agr., Tokyo Imp. Univ., 2, No. 4; Abs. Amer. Jour. Pharm.
' Chem. Ztg. 20 (1896), No. 9, pp. 67-69; Abs. Exp. Sta. Rec, 8, p. 72.

8 Bui. Sci. Pharmacol., 13 (1906), pp. 138-143; Abs. Exp. Sta. Rec, 18, p. 857.

9 Abs. Exp. Sta. Kec, 15, pp. 669, 670.
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It is rather uncertain when the soy bean was first introduced

into the United States. The earliest references in experiment

station literature would indicate between twenty and twenty-five

years ago. C. A. Goessmann^ reports growing two varieties on

the station grounds in 1888. Of recent years the soy bean has

been quite extensively cultivated for soiling (or pasturage) and

silage purposes, and to a less extent for the production of com-

mercial seed, for hay and as a green manure or cover crop. In

Europe and America soy beans have been very little used as a

human food. As they contain only a small amount of starch,

sugar and dextrin, flour from the beans has been recommended

by A. L. Winton- and AngelP for making bread and biscuits

for people suffering from diabetes. Soy beans, dried and

roasted, have been mentioned as a possible coffee substitute."*

2. The Chemistry of Soy Bean Meal.

The Massachusetts experiment station has given considerable

attention to the soy bean as a forage crop, with particular ref-

erence to varieties, yield, composition, digestibility and general

ada^^tability for dairy purposes. In addition to work of that

character the station inaugurated, in the summer of 1898, a

series of feeding experiments,^ to note the effect of the different

nutrient groups*' — protein, fat and carbohydrates— in the

various feeds on the composition of the milk and of the butter

fat, and on the character of the butter. Fodder groups suitable

for such work are usually obtained to the best advantage from

the seeds or their manufactured products. The action of soy

bean protein and of soy bean oil was under investigation during

the winter of 1906-07.

The soy beans employed in the test were a mixture of several

varieties, with medium green and southern yellow predominat-

ing. The analysis of the medium green will undoubtedly ap-

proximate that of the mixture.

1 Mass. State Exp. Sta. Rpt., 7 (1889), pp. 140, 141.

« Conn. State Exp. Sta. Rpt., 30 (I'JOfi), pp. 153-165.

3 Loco citato.

* Agr. News (Tiarbados), 2 (1!»03), No. 36, p. ^81; Abs. Exp. Sta. Rcc, 15, p. 285; Lang-

worthy in Farmers' Tiul.

6 IIat«Ii Exp. St,-i. Rpts., 13 (11)01), p]). 14-33; 14 (1902), pp. 162-168; 16 (1904), pp. 4.')-62;

Mass. p:xp. Sla. Rpl., 21 (190!)), it]). (iO-llO.

6 It was tbought this nicthofi woiikl yield more definite information than could be learned

from the influence of the combined groups.
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Medium Green Soy Beans.

[Dry Matter.]
Per Cent.

Ash, 5.46

Protein, 40.31

Fiber, ............ 4.91

Nitrogen free extract, ......... 27.08

Fat, 21.G4

The above results are substantiated by those reported by

Rein,^ Langworthy^ and W. O. Atwater,^ showing the beans to

be highly nitrogenous and to contain a large amount of oil. The

protein of soy beans, according to the analyses of T. B. Osborne

and G. F. Campbell,^ consists (a) largely of glycinin, a globu-

lin similar in proj)erties to legumin but of somewhat diiferent

composition; {h) a small amount of a more soluble globulin,

which resembles phaseolin in composition -so far as could be

ascertained in reactions; {c) 1.5 per cent, of legumelin, an

albumen-like proteid ; and {d) a small amount of proteose.

Winton^ has shown that a sample of soy bean meal with a

nitrogen free extract of 27.2 per cent, contained 9.7 per cent,

of starch, sugar and dextrin expressed as starch.^ Of the re-

mainder, about 5 per cent, is pentosans^ and 1 per cent, galac-

tau,^ leaving 11.5 per cent, undetermined. As glycinin, the

chief ju'oteid, contains 17.53 per cent, of nitrogen (factor 5.70

instead of 6.25) the undetermined extract matter should be

even greater than appears. Kellner and Inoyue-^ deny the

presence of any appreciable amount of starch, while Morawski

aud Stingn claim the starch is converted by an active diastatic

enzyme into sugar and dextrin. By precipitating an alcoholic

extract of the beans with ether, Levallois^ obtained a sugar

which does not reduce Fehliug solution, ferments readily with

yeast and upon oxidization with nitric acid yields mucic and

oxalic acid.

1 Loco citato.

2 Conn. Storrs Exp. Sta. Rpt., 14 (1901), p. 178.

3 Conn. State Exp. Sfai. Rpt., 21 (l«)7), pp. 374-382.

4 Determinerl by the diastase method, without previous washing.
5 Hatch Exp. Sta. Rpt., 1.5 (11)03), p. 79.

6 Hatch Exp. Sta. Rpt., 9 (1897) , p. 9.5.

' Chem. Centbl., 1886, p. 724; Abs. Amer. Jour. Pharm.
* Compt. Rend. Acad. Sci., Paris, 93, p. 281; Abs. Amer. Jour. Pharm.
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3. Soy Bean Oil.

In order to study the effect of the protein and of the oil re-

spectively it was necessary to extract the oil as thoroughly as pos-

sible, and to feed the cake and the oil in separate experiments.

The extraction was carried out by the V. D. Anderson Company

of Cleveland, O., who state ^ that the beans were rolled (not

ground), heated to 100° to 150° E. (38° to 66° C), and the

oil removed by torsional pressure. They claim that heating at

so low a temperature does not cook the product and thus pre-

vents the liberation of glutinous matter. An analysis of the

resulting cake indicates that from 55 to 60 per cent, of the oil

was removed. The oil was passed through a filter press, fitted

with cloth, but was not refined otherwise.

(a) Physical Tests.

The oil was clear and of a dark amber color, with an odor

similar to that of other vegetable oils. As analytical data rela-

tive to soy bean oil is rather limited, it seemed advisable, for

comparison and general information, to include most of the

figures available. The specific gravity as recorded by different

observers is stated below :
-—

-

Temperature (Degrees C).
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extracted at least part of the oil ou which they worked with

ether. A more accurate determination, by means of an ordinary

picnometer, proved unsatisfactory at the low temj^erature de-

sired because of the viscid nature of the material.

The specific viscosity was reported by F. W. Farrell * as

8.43, using a Boverton-Redwood viscosimeter. This indicates

the rate of flow at 70° F., as compared with a like volume of

water at the same temperature.

The refractive index NTd and mean dispersion Np— Nc
were determined at several temperatures by an Abbe refrac-

tometer with a water jacket.

TeTuperature
(Degrees C).
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The saj^onification nimiber of our sample agreed closely with

the average. The acid number indicates a slight acidity, but

this cannot be considered abnormal in an oil with such a high

percentage of unsaturated acids if exposed to light and air for

any length of time.

Where there is no appreciable amount of unsaponifiable mat-

ter, monoglycerides or diglycerides, additional data can be

accurately calculated by formulae^ from the numbers just given.

Of these, the Zulkowski formula for total fatty acids (T) from

the ether number (e) is one of the most important.

T = 1— . 0002257 e or 95 . 70 per cent.

If the saponification number of the fat (191.95) be divided

by the per cent, of total fatty acids (95.70), the neutralization

number (n) of the fatty acids is obtained (200.57), from

which the mean molecular weight (m) can be determined as

'''''^^-
56158 ,^^ ^^m= or 279.99

n

Glycerol (G) can be calculated in a similar manner to the

total fatty acids.

G= .0005465 e or 10.42 per cent.

The acid nund^er (a) can be converted into percentage of

acidity (A), expressed as oleic or the acid of any other molec-

ular weight.
^

. 282.272 a __
^ i

• -^A = —^777^7^— or . 03 per cent, as oleic acid.
5d158

Employing the mean molecular weight (279.99) obtained above,

the acidity would be the same. N^eutral fat and unsaponifiable

matter can be determined by difference, 100 less the percentage

of acidity (.63), or 99.37 per cent.

The per cent, of acidity (A) can also be calculated from the

acid number (a) and the neutralization number of the free

fatty acids, or in case that has not been determined, from the

1 The derivation of these formula! avIU be given in another article.
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neutralization number of the total fatty acids (n). The sub-

stitution of the latter value will not always hold true.

A= - or .63 per cent.
n

The percentage of fatty acids (N) and glycerol (G) in the

neutral fat (F) can be calculated by similar formulae from the

molecular weight (m) of the fatty acids of the neutral fats, or,

less accurately, from the mean molecular weight of the total

fatty acids. ^

N = FX.^ f-^ =95.07 per cent.
3m + C3H2

The total fatty acids are equal to the sum of the fatty acids

in the neutral fat (95.07) and the free fatty acids (.63), or

95.70, the same result previously obtained.

92 064
G = FX o r^TT or 10.42 per cent.

3 m + C3H2

The last three formula appear to have no greater merit than

those first given and are rather more difficult to apply.

A direct determination of neutral fat and unsaponifiable

matter gave the same results as the calulated.

Free fatty acids,.......... .63

Neutral fat and unsaponifiable matter, ..... 99.37

Unsaponifiable matter,......... .03

Neutral fat, 99.34

Briefly, the process consisted of treating 2 grams of oil with

an excess of dry sodium carbonate in the presence of a small

quantity of alcohol, stirring thoroughly. After the evaporation

of the alcohol, quartz sand was added and the mixture trans-

ferred to an S. & S. capsule, extracted with dry ethyl ether in a

continuous extractor and the dried extract considered neutral fat

and unsaponifiable matter. The difference was free acids. The

unsaponifiable matter was determined by saponifying 10 grams

of oil with glycerol-soda, dissolving the resulting soap in warm
water, filtering and washing. The dried residue was extracted'&

1 In tins case the molecular weights are the same, even to the second decimal, when the

unsaponiflable matter is included in the neutral fat.
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with ether, which dissolved the imsaponifiable matter. The
amount was very small and presumably phytosterol. Morawski

and Stingl^ report .22 per cent, unsaponifiable matter.

The percentage of insoluble acids including unsaponifiable

matter (Hehner number) is reported by only two analysts.

Insoluble Acids.
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acids, with iodine numbers of 89.9G3 and 181.22, respectively,

then :
—

X + y = . 8026

89.9G3X+ 181.22 y= 130.77

X = 16. 08 per cent, oleic acid.

y = 64. 18 per cent, linolic acid.

The above results indicate that there is approximately four parts

of linolic to one part of oleic acid present.

The soluble fatty acids as determined by difference — total

95.70 less insoluble 95.31— were .39 per cent. The Reichert-

Meissl number was .19, which indicates a low" volatile acid

content, thus substantiating the previous result. In both cases

the amount was insufficient to permit an accurate determination

of the neutralization number and the mean molecular weight.

Soy bean oil is greatly affected by heat; if held at 100° C,
for several hours the chromogenic bodies are destroyed and a

noticeable percentage of the oil volatilized. Upon saponifying

with glycerol-soda, the mixture takes on a dark red color, which

fades as the soap sets.

According to the classification of Lewkowitsch, based on

iodine number, soy bean oil is a semi-drying oil of the cotton-

seed oil group. In composition it resembles cotton-seed, sesame

and corn oils.

Our chemical data can be summarized as follows :
—

Saponification number, . 191. 95
Acid number, . . . 1.27

Ether number, . . . 190. 68

99.37 per cent, neutral fat," \
'^^^^ P^'" ^^"t" ^^"3^ ^^^^s-

I 10.42 per cent, glycerol.

.03 per cent, unsaponifiable matter.

.63 per cent, free fatty acids.

39 per cent, soluble fatty acids.

.19 Reichert-MeissI number.

.11 per cent, volatile fatty acids.

^

r.j. oi X • in (^ palmitic acid.
95. 31 per cent, msoluble \ i • •,

^
J. ,, . , , { oleic acid,
tatty acids, . j i- ,. .,

•^

( linolic acid.

Neutralization number, 200 22.

Mean molecular weight, 280. 48.

95 . 70 per cent, total fatty

acids,

Neutralization number,
200.57, .

Mean molecular weight,

279.99, .

1 The iinsaponiflable matter is included in this percentage and in the resulting calcula-
tions.

2 Calculated from the Reichert-MeissI number and the neutraUzation number of the total
fattv acids.
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METHODS FOR FAT ANALYSIS.

BY E. B. HOLLAND, M.SC.

During the past ten years the Massachusetts experiment

station has conducted a series of feeding experiments, to as-

certain, among other things, the effect of different concentrates

upon the composition of the resulting butter fat. In connection

with this work, which required a great many fat analyses, it

was found necessary to study the methods thoroughly in order

to simplify when possible, to bring to a like basis and above

all to insure uniform results under known conditions of manip-

ulation. The intent of this article is to give only the methods

adopted, with a few supplementary notes. What originality

there may be is reasonably evident if one compares the methods

stated with those usually prescribed. It has been largely, how-

ever, the adapting of valuable suggestions from many careful

analysts ^ though few references are cited.

Apparatus was one of the first things that required attention,

especially flasks. A form and size were desired that would be

suitable for all ordinary tests, and a 300 cubic centimeter Er-

lenmeyer flask, of uniform height and cork requirement, has

satisfactorily filled that need. Such a flask occasionally calls

for a slight increase in quantity of solvent, but that is to be

expected. Normal graduated ware on the basis of the true cubic

centimeter at 4° C. was adopted as the standard. The flasks

are graduated for capacity and the burettes and pipettes for

delivery at 20° C, and all graduations are verified.

The solutions are standardized at 20° C. and are brought to

that temperature before being used. Tempering should be

carefully observed, especially with alcoholic and acetic acid solu-

tions having a high coefficient of expansion.

1 A lion, Brown, Blyth, Leach, Leffmann and Beam, Lewkowltsch, Prescott, Sarttler,

Shernmn, Wiley, Wright, Zulkowski and others.



11)09.] PUBLIC DOCUMENT— No. 31. 121

The metliods that follow will be treated under the following

headings :
—

1. Saponification (Koettstorfer) number.

2. Acid number.

3. Ether (ester) number.

4. Calculated data from saponification, acid and ether numbers.

5. Reiehert-Meissl number.

(a) Mean molecular weight.

(6) Neutralization number.

6. Soluble fatty acids.

(a) Neutralization number.

(6) Mean molecular weight.

7. Insoluble fatty acids and luisaponifiable matter,

(a) Neutralization number.

(b) Mean molecular weight.

(c) Iodine number.

8. Calcvdated data from the fatty acids.

9. Iodine number.

10. Calculated data from the iodine number,

11. Neutral fat and unsaponifiable matter.

12. Unsaponifiable matter.

1. Saponification (Koettstorfer) N^ijmber.

The saponifieation number indicates the milligrams of po-

tassinm hydrate required for the complete saponification of 1

gram of an oil, fat or wax.

Reagents. — Alcoholic potash solution, 40 grams of potas-

sium hydrate, free from carbonate, to 1,000 cubic centimeters

of 95 per cent, alcohol,^ free from acid and aldehyde. The

solution should be allowed to stand at least twenty-four hours

and filtered immediately before use.

Ninety-five per cent, alcohol, free from acid and aldehyde.

"N/ 2 hydrochloric acid solution.

Phenolphthalein solution, 1 gram to 100 cubic centimeters

of alcohol, neutralized.

Method. — Into a 300 cubic centimeter Erlenmeyer flask are

1 All alcohol used as a solvent in fat analysis or in preparation of the reagents should be

treated several days with caustic lime and redistilled. This insures the removal of acid,

aldehyde and a portion of the water. The distillate should be preserved in glass and pro-

tected from direct sunlight. Such alcohol permits of a more distinct end reaction in titra-

tion. A very dry alcohol sometimes requires the addition of a small quantity of water in

the preparation of alcoholic potjish.
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brought 5 grams of fat together with 50 cubic centimeters of

alcoholic potash, accurately measured with a burette, and 50

cubic centimeters of alcohol. The flask is connected with a

condensing tube and heated on asbestos board at low ebullition

until saponification is complete, about thirty minutes. AVhen

cool, the solution is titrated with N/2 hydrochloric acid, using

a ft^w drops of phcnolphthalein as indicator. The tempera-

ture of the solution during titration should be adequate to

maintain the soap in solution but not to greatly exceed that

requirement. Absorption of carbonic acid from the air should

be carefully guarded against at all times, especially during the

process of cooling. Several blank determinations should be

conducted with every series of tests. The difference between

the acid titration of the blank and of the test gives the alkali

required by the fat.

One cubic centimeter of N/2 acid is equivalent to 28.079

milligrams of potassium hydrate.

Limit of error, .50 saponification number,

Syiiopsis of Reaction.

C3H5(R02)3 + 3 KOH = 3 RO.K + C3H5(OH)3
fat alkali salt glycerol.

Titration of excess alkali.

R in the graphic formula of the fatty acids represents C and

II in different amounts, according to the acid, but usually in the

proportion of C„Il2n_i, except in the case of unsaturated acids.

Supplementary Notes. — The term " saponification or sat-

ui-ati()U equivalent," as employed by Allen and others, indicates

the grams of fat that are saponifiable with one equivalent of

potassium hydrate in grams (56.158). In other words, the

grams of fat saponifiable with 1 liter of N/1 potassium hydrate.

^ -n • -1 / X 56158 mg. of fat
baponmcation equivalent (sj) = or r^

—

tj—pS CC. INI / i RlKtlll

Saponification number (s) ==

The lower the molecular weight of the fatty acids ((ir esters)

the more alkali will be required to satisfy 1 gram, and the
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higher will be the saponification number. Fats and oils con-

taining a considerable amount of the glycerides of the lower

(volatile) fatty acids are characterized by a saponification

number exceeding 200.

2. Acid Number.

The acid number indicates the milligrams of potassium hy-

drate required to neutralize the free fatty acids in 1 gram of

an oil, fat or wax.

Reagents. — jSTinety-five per cent, alcohol, free from acid and

aldehyde.

N/10 potassium (or sodium) hydrate solution.

Phenolphthalein solution, 1 gram to 100 cubic centimeters of

alcohol, neutralized.

Method. — Ten grams of fat are brought into a 300 cubic

centimeter Erlenmeyer flask together with 100 cubic centimeters

of alcohol. The flask is connected with a condensing tube and

heated on asbestos board at low ebullition for five minutes to

insure solution of the free fatty acids. When cool the solution

is titrated^ with NT/lO alkali, using a few drops of phenol-

phthalein as indicator. The pink coloration will not remain

permanent because of the saponification of neutral esters and

the decolorizing action of the carbonic acid absorbed from

the air on sliaking. Allowing the solution to cool, however,

previous to titration will practically prevent saponification. The

indicator also appears more sensitive to cool than to hot solu-

tions. Undue shaking should be avoided. Several blank de-

terminations should be run on the alcohol with every series

of tests and deducted. A purified alcohol should be nearly

neutral, or it can be readily made so, if desired, before being

used.

One cubic centimeter of N/lO alkali is equivalent to 5.6158

milligrams of potassium hydrate.

Limit of error, .10 acid number,

Synopsis of Reaction. — Solution of free fatty acids in

alcohol.

3 RO2H -I- 3 KOH = 3 RO2K + 3 H2O

1 Note directions relative to titrating Baponlflcatlon number of fat and nentrallzation

number of insolut)le acids.
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Supplementary Notes. — Koettstorfer expresses the acidity

by the cubic centimeter of N / 1 potassium hydrate required for

100 grams of fat as '" degrees of acidity." Stockmeier reports

" degrees of rancidity " in the same manner. N/10 alkali and

10 grams of fat are, however, more convenient quantities with

which to work.

1° rancidity = .56158 acid number.

1° acid number — 1 . 78069° rancidity.

Rosaniline dev^ops with free fatty acids a red color due to the

formation of rosaniline oleate, and is known as the Jacobsen

test.

The acid number of oils and fats varies with the purity, age

and the amount of hydrolysis and of oxidation they have under-

gone. Contact with fermenting or decaying matter tends to

rapidly increase the amount. Rancidity develops more readily

in liquid oils in which olein predominates than in the solid fats,

which are composed more largely of palmitin ^ and stearin.

Fresh animal fats are practically free from acid, while vegetable

oils seem to contain a small amoimt.

3. Etker (Ester) Number,

The ether number indicates the milligrams of potassium

hydrate required for the saponification of the neutral esters in

1 gram of an oil, fat or wax.

The ether number is represented by the difference between

the saponification and acid numbers, and in cases where there

are no free fatty acids present, is identical with the saponifica-

tion number.

Supplementary Notes. — Natural fats, both animal and vege-

table, contain practically only triglycerides,— neutral glycyl

esters. These glycerides may occur, however, to some extent as

complex molecules instead of simple.

Lewkowitsch asserts that the presence of free fatty acids in-

dicates jDrevious hydrolysis of the triglycerides, and hydrolysis

conditions the presence of monoglycerides and diglycerides,

therefore the so-called ether number loses its definite character

as free acids increase.
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4. Calculated Data from Saponification, Acid and Ethek
Numbers.

Glycerol. — In the saponification of any triglyceride, 3

molecules or 168.474 parts of potassium hydrate combine with

1 molecule of fat, setting free 1 molecule or 92.064 parts of

glycerol, therefore 1 gram of potassium hydrate is equal to

.5465 of a gram of glycerol.

C.3H5(ROo)3 + 3 KOH = C3H5(OH)3 + 3 RO2K.
fat alkali glycerol salt

The percentage of glycerol (G) can be calculated from the ether

number (e) by means of the formula :
—

G=. 0005465 6. (1)

This method is not applicable in the case of fats containing

monoglycerides and diglycerides, aldehyde bodies or appreciable

amounts of unsaponifiable matter.

Total Fatty Acids. — In the saponification of a fat, 3 mole-

cules or 54.058 parts of water are required for every molecule

or 92.064 parts of glycerol separated.

C3H,(R02)3 + 3 HoO = C,\l,{(m), + 3 RO^H.
1 54.048 92.064

The percentage of total fatty acids (T) in 1 part of fat can

be calculated from the percentage of glycerol (G) by means of

the formula :
—

rp 1 , 54.048^ ^ , 38.016 ^I = 1 H Ct—G or 1— G
92.064 92.064

and substituting the value of glycerol in terms of ether num-

ber (e) :
—

T = 1—?ML^ X 0005465 e or 1— . 0002257 e. (2)
92.064 ^ '

Neutralization Number and Mean Molecular Weight of Total

Fatty Acids. — The neutralization number (n) and mean mo-

lecular weight (m) of the total fatty acids can be calculated
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from the ether (e) and saponification (s) numbers by means of

the formula? :
—

^n- ? (3)1— .0002257 e

56158 ,,.m = {V
n

Mean Molecular Weight of Fatty Acids in Neutral Fat. —

-

The molecular weight (m) of the acids in the neutral fat can

be calculated from the ether number (e) and the percentage of

neutral fat (F) — determined either gravimetrically or by dif-

ference ^ — by the formula :
—

3X5615SXF 168474 Fm =^ ^— or
e e

m = 3(m- H) + C3H5 or 3(m— 1 008) + 41 ,04 or

168474 F 3 m + 38.016

;] m + 38.016 =
e

m = ^^^^^— 12.672 (5)

Fatty Acids in Neutral Fat. — The fatty acids (N) in neu-

tral fat can be calculated from the percentage of neutral fat

(F) and the mean molecular weight (m) of the fatty acids in

the neutral fat :

"
—

o ™
N = F X ^^

(6)

The total fatty acids are equal to the sum of the fatty acids in

the neutral fat and the free fatty acids.

Glycerol. — The glycerol (G) can be calculated in a manner

similar to the fatty acids in the neutral fat.

G = FX ^-'''
(7)

3 m + 38.016

Free Fatty Acids. — The acid number (a) can be readily con-

verted into percentage of free fatty acids (A) expressed as oleic,

1 Tlic unsaiioniliahle matter is a source of error.

2 A close apijroxiniatiQU can usually be obtained Ijy using the mean molecular weight of

the total fatty acids.
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as an assumed acid with a molecular weight determiued by for-

mula (4), or as the acid of any other molecular weight.

^_aXm ^g^

56158 ^

When the free acid is known or the predominant acid is a mix-

ture, it is often desirable to report acidity in terms of that

acid. In such cases it is preferable to calculate the percentage

directly from the titration by factor .0001 of the molecular

weight of the acid (mono basic) for an N/lO solution, or .001

for N/1.

The per cent, of acidity (A) can also be calculated from the

acid number (a) and the neutralization number (n) of the

total fatty acids.

^

A = - (9)
n

Neutral Fat and Unsaponifable Matter. — The neutral fat

and unsaponifiable matter can be determined by difference, —
100 less per cent, of free fatty acids.

5. Reicjiert-Meissl ISTumbee.

The Reichert-Meissl number- indicates the cubic centimeters

of N/10 potassium hydrate solution required to neutralize that

portion of the volatile fatty acids which is obtained from 5

grams of an oil, fat or wax by the Eeiehert distillation process.

Leffmann-Bcam Modification.

Reagents. — Glycerol-soda solution, 100 cubic centimeters of

sodium hydrate solution (equal parts of soda and water filtered),

free from carbonate, to 900 cubic centimeters of pure glycerol.

Sulfuric acid solution, 1 to 4.

N/ 10 potassium (or sodium) hydrate solution.

Phenolphthalein solution, 1 gram to 100 cubic centimeters of

alcohol, neutralized.

1 strictly it should be the neutralization number of the free fatty acids. The number of
cubic centimeters of N/1 alkali required can be substituted in place of the values a and n.

2 The Reichert number is that obtained from 2.5 grams of f.it, and the proportion of acids
volatilized is somewhat greater than with 5 grams, Reichert-Meissl number.
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Piiniice stone ; the stone is jDreparcd by dropping it at white

heat into distilled water and leaving it until required.

Method. — Into an Erlennieyer flask of 300 cubic centime-

ters capacity are brought 5 grams of fat, carefully avoiding get-

ting any fat on the sides of the flask; 20 cubic centimeters of

glycerol-soda are added and heated over a naked flame, rotating

continuously, until the saponification is comj^lete, as shown by

the mixture becoming perfectly clear. The soap when cold

should be white and free from globules of fat. Many small

pieces of pumice stone, 135 cubic centimeters of recently boiled

distilled water and 5 cubic centimeters of sulfuric acid solution

are added, and the flask connected with a Liebig condenser^ and

heated carefully on gauze until a transi^arent oily layer of in-

soluble fatty acids forms on the surface; 110 cubic centimeters

are then distilled over in as near thirty minutes as possible and

received in a sugar flask. The distillate is passed through a dry

dense filter, to remove all traces of the higher fatty acids wdiich

may have passed over with the volatile acids and appear in the

distillate as oily drops or white solid particles. After mixing

thoroughly, 100 cubic centimeters are pipetted into a small flask

and titrated with N/lO alkali, using 5 drops^ of phenolphthal-

ein as indicator, avoiding entirely the addition of water. The

pink coloration should hold at least five minutes. Extreme care

should be exercised in preventing the absorption of carbonic

acid at all times during the process. Blank tests should be con-

ducted with every new lot of reagents. The titration reading,

minus the blank, increased by a tenth and calculated to exactly

a 5-gram basis, represents the Keichert-Meissl number.

Limit of error, .25 Reichert-Meissl number.

Synopsis of Reaction.

C3H„(RO.)3 + 3 NaOH = 3 ROzNa + C3H5(OH)3
fat alkali salt glycerol

The added glycerol acts as a transmitter of heat and has a

boiling point of 290° C.

2 RO^Na + H2SO4 = 2 RO^H + Na2S04.

Titration of the volatile acids.

1 A vertical condenser with a rapid circulation of cold water is advisable.

* A definite quantity is necessary if the mean molecular weight is to be determined.
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Supplcvicntary Notes. — As this method is only an arbitrary

one it is essential to adhere strictly to the conditions of operation

as laid down if comparative results are to be obtained, and by

so doing over 90 per cent, of the soluble acids in butter can be

secured in the distillate. Repeated distillation yields higher

results, but is accomi3anied by decomjjosition of non-volatile

acids.

Butyric, caprivic, caprylic and capric are the only fatty acids

that can be distilled under ordinary pressure without decompo-

sition. Laurie is almost insoluble in water but is volatile in a

current of steam.

]\Iost of the natural fats and oils contain but a small amount

of volatile (soluble) fatty acids, generally below 1 Reichert-

Meissl number. Among the prominent exceptions are butter

fat and j)orpoise, dolphin, croton, cocoanut and palm nut oils.

(a) Mean Molecular Weight.

The titrated volatile acids ^ resulting from the determination

of the Reichert-Meissel number are evaporated in a tared plati-

num dish and dried to constant weight in an air bath at 100° C.

From the weight of the salts and of the alkali present in them

the mean molecular weight (m) can be readily calculated by the

following formula :
—

40.058 [salts— (c.c. N/10 NaOH X 0040058)]
™ ~

c.c. N/10 NaOH X • 0040058 + 18 01 b

10000 [salts— (c.c. N/10 NaOH X .00^0058)]
lU = X^ /,^ XT /^^TT I

lo.UlO
c.c. N/10 NaOH

Blank determinations should be run with every new lot of re-

agents, both by distillation (Reichert-Meissl number) and by

evaporation of the titrated portion (salts), and deducted in the

calculation. To check the X/lO solution a definite quantity

should be evaporated with an excess of sulfuric acid and cal-

cined. If the weight obtained is greater than the alkali con-

verted to sulfate, due to impurities, the factor .0040058 should

be increased sufficiently to offset it.

Limit of error, 1 molecular weight.

1 Using N/IO sodium hydrate, prepared from caustic alkali made from metallic sodium

so as to insure freedom from impurities.
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(&) Neutralization Number.

The neutralization number (n) of the volatile fatty acids can

be readily calculated from the mean molecular weight (m) by

means of the formula :
—

56158
n m

6. Soluble Fatty Acids.

The soluble fatty acids indicate the percentage of fatty acids

in an oil, fat or wax that is soluble in water.^ The percentage

of soluble fatty acids can be readily calculated by difference,—
total fatty acids less the insoluble.

(a) Neutralization Number.

The neutralization number indicates the milligrams of po-

tassium hydrate required to saturate 1 gram of soluble fatty

acids. The difference between the saponification number of the

fat and the product of the percentage of insoluble fatty acids

times their neutralization number indicates the milligrams of

potassium hydrate required to neutralize the soluble fatty acids

in 1 gram of fat, which, divided by the percentage of soluble

fatty acids, gives the neutralization number of the soluble fatty

acids.

(&) Mean Molecular Weight.

The molecular weight (m) of the soluble fatty acids can be

calculated from the neutralization number (n) by means of the

formula :
—

56158m =
n

7. Insoluble Fatty Acids and Unsaponifiable Mattee
(IIehner Number).

The Hehner number indicates the percentage of insoluble

fatty acids and unsaponifiable matter in an oil, fat or wax.

Reagents. — Glycerol-soda solution, 100 cubic centimeters

of sodium hydrate solution (equal parts of soda and water fil-

1 This may mean either hot or cold water, according to the method employed.
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tered), free from carbonate, to 900 cubic centimeters of pure

glycerol.

Hydrochloric acid solution of a strength that approximately

45 cubic centimeters will neutralize 20 cubic centimeters of the

glycerol-soda solution.

Ether.

Method.— Into a tared 300 cubic centimeter Erlenmeyer

flask are brought 5 grams of fat together with 20 cubic centi-

meters of glycerol-soda solution, and heated over a naked flame,

rotating continuously, until the saponification is complete, as

shown by the mixture becoming perfectly clear. Care should

be taken not to overheat and discolor the fat. Fifty cubic centi-

meters of hydrochloric acid solution are now added and the

flask loosely stoppered^, heated on a water bath, rotating occa-

sionally, until the separated fatty acids form a transparent oily

layer on the uj^per surface of the clear liquid. This requires

several hours and must not be shirked. The flask and contents

are cooled in ice water, and after the fatty acids solidify the

solution is decanted through a fat-free filter, using care not to

break the insoluble cake; 150 cubic centimeters of hot water

are added, thoroughly agitated, and heated as above, cooled, and

the solution filtered. This process is continued until the wash-

ings are free from acid, about six times. The flask containing

the cake of insoluble fatty acids is inverted and allowed to

stand in a cool place over night and drain. A convenient filter

stand for both filtration and draining is illustrated by Wiley,"

The next day the small particles of fat adhering to the filter

are dissolved in the least possible amount of ether and the solu-

tion run into the flask. The ether is driven off in a water

bath below 70° C, and the insoluble acids dried in an air bath

at 100° C. The final drying period should not exceed two

hours.

There are two compensating errors that usually result from

this method, which are volatilization of fatty acids and oxidiza-

tion of unsaturated acids. The latter is especially serious, and

may render of questionable value a determination of the iodine

' A condenser is necessary if tiie soluble acids are to be determined directly.

2 Foods and Food Adulterants, United States Department of Agriculture, Bureau of

Chemistry, Bulletin No. 13, p. 457.
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absorption of the insoluble acids. Drying in a vacuum oven

below 70° C, in a current of carbonic acid gas or in a vacuum

desiccator will i:>ractically prevent oxidization as well as volatil-

ization.

Limit of error, .25 per cent, insoluble acids.

8y7iopsis of Reaction.— Similar to those of the Reichert-

Meissl number.

Supplementary Notes. — Most fats and oils contain from 05

to 97 per cent, of insoluble acids. Some notable excej)tions are

stated under the Reichert-Meissl number.

(a) Neutralization Number.

The neutralization number indicates the milligrams of po-

tassium hydrate required to saturate 1 gram of insoluble fatty

acids.

Reagents. — Ninety-five per cent, alcohol, free from acid and

aldehyde.

N/2 potassium (or sodium) hydrate solution.

Phenolphthalein solution, 1 gram to 100 cubic centimeters of

alcohol, neutralized.

Method. — The dried insoluble fatty acids resulting from the

determination of the Hehner number are treated with 100 cubic

centimeters of alcohol, connected with a condensing tube and

heated on asbestos board at low ebullition until the solution

is complete, about five minutes. When cool the solution is

titrated with N/2 alkali, using a few drops of phenolphthal-

ein as indicator. The temperature during titration should

be sufficient to retain the fatty acids in solution but not greatly

in excess. Blank determinations should be run on the alcohol

with every series of tests and deducted. If preferred, the al-

cohol can be neutralized previous to its use.

One cubic centimeter N/2 alkali is equivalent to 28.079 milli-

grams of potassium hydrate.

Limit of error, 1 neutralization number.

Synopsis of Reaction. — See Acid number.
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(h) Mean Molecular Weight.

The molecular weight (m) of the insoluble fatty acids can

be calculated from the neutralization number (n) by means

of the formula :
—

56158 2000 X wt. of acidsm = or
n c.c. N/2 alkali

(c) Iodine Number.

The iodine number indicates the percentage of iodine chloride

absorbed l)y the insoluble fatty acids, expressed in terms of

iodine.

The same process, on a weighed amount of insoluble fatty

acids, is followed as in the case of an oil or fat. Particular

attention should be paid to the separation and drying of the

insoluble fatty acids, so as to prevent oxidization of the unsat-

urated acids.

8. Calculated Data feo:m the Fatty Acids.

Glycerides. — The percentage of triglyceride (Gl) can be

calculated from the percentage of any fatty acid (A) by means

of the molecular weight (m) of the fatty acid.

Gl=^-^t^^XA.
3 m

From the above formula the following factors were deduced

for the acids enumerated below :
—

T.auric acid, Cio H24 O2,

Myristic acid, Cu H28 O2,

Palmitic acid, Cig H32 Oo,

Stearic acid, Cig Hg,; Oo,

Oleic acid, C18 H34 O2,

Linolic acid, Cj^ H32 O2,



134 EXPERIMENT STATION. [Jan.

Huhl Method (Wijs' Solution).

Reagents. — Carbon tetrachloride, dry and free from oxidi-

zable products.

Iodine solution according to Wijs^: 13 grams of resubli-

mated iodine to 1,000 cubic centimeters of glacial acetic acid

(99.5 j)er cent.), free from oxidizable products. After the

iodine is comj^letely dissolved the solution is treated with pure

dry chlorine gas" until the iodine has been converted into mono-

chloride. The completion of the reaction is indicated by a dis-

tinct change, the solution becoming transparent, cherry red, and

the titer with thiosulfate doubled. As it is desirable to have a

slight excess of iodine it is advisable to retain a small quantity

of untreated solution to add in case of necessity.

N/10 sodium thiosulfate (hyijosulfite) solution: 24.830

grams of sodium thiosulfate are dissolved in water and made up

to a liter at 20° C.

Potassium bichromate solution: 3.8G57 grams of dry potas-

sium bichromate, free from sodium bichromate, are dissolved in

water and made up to a liter at 20° C. This solution will keep

indefinitely, without changing, and is used for standardizing the

thiosulfate solution ; lOX) cubic centimeters of potassium bi-

chromate solution will liberate 1 gram of iodine from a jDotas-

sium iodide solution.

Potassium iodide solution: 165 grams of neutral potassium

iodide, free from iodine and iodate, to 1,000 cubic centimeters

of water. Iodate is said to be frequently present in commercial

potassium iodide and yields free iodine with hydrochloric acid.

Starch paste : 1 gram to 200 cubic centimeters of water. The

solution is prepared by boiling ten minutes.

Process of Standardizing the Thiosulfate Solution. — Twenty

cubic centimeters of potassium bichromate solution are ac-

curately measured into a 300 cubic centimeter Erlenmeyer flask

and 10 cubic centimeters of potassium iodide solution and 5

cubic centimeters of concentrated hydrochloric acid added. Thio-

sulfate solution is run in gradually until the brownish yellow

' Wijs' solution, with the same active reagent (ioiline monochloride), has largely re-

placed that of Hiibl hocause of its far greater 8tal)ility and more rapid al)sori)tion.

' Well washed, and then dried l>y l)eing passed through concentrated sulfuric acid.
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color (iodine) has been largely destroyed, then 2 enbic centi-

meters of starch paste are added and the titration continued

until the blue particles have entirely disappeared from the

resulting bright green solution. As five times the titration is

equivalent to 1 gram of iodine, the iodine value of 1 cubic centi-

meter of thiosulfate is easily calculated.

In theory, 1 cubic centimeter N/10 Na2S203 5 aq. is equiva-

lent to .012697 of a gram of iodine.

The following is the reaction :
—

KoCr.O; + 14 IICI + 6 KI = 2 CrCls -f- 8 KCl +61 + 7 H,0
6 1: K^CrX); : : 1: x.

761.82: 294.50 :: 1: .38657 g. in a 100 c.c.

Method. — One gram of fat (.2 of a gram of a drying or fish

oil, .3 of a gram of a semidrying oil, or .4 of a gram of nondry-

ing oil) is brought into a 300 cubic centimeter Erlenmeyer flask

and 10 cubic centimeters of carbon tetrachloride added. After

complete solution, 30 cubic centimeters of iodine solution, accu-

rately measured with a burette, are added and the flask well

stoppered and allowed to stand two hours ^ in a cool, dai"k place,

with occasional shaking. A rapid bleaching of the solution indi-

cates insufficient iodine. A considerable excess is said to be

necessary for the attainment of constant results. The tempera-

ture should not exceed 20° C, as heat seems to cause a secondary

reaction and certainly destroys the accuracy of the determina-

tion. Moistening of the stopper with potassium iodide solution

will prevent loss of iodine by volatilization. At the end of the

absorption period 100 cubic centimeters of cold, recently boiled

distilled water and 10 cubic centimeters of potassium iodide

solution are added to the contents of the flask, and the excess

of iodine titrated with sodium thiosulfate solution. The thio-

sulfate is run in gradually, with constant shaking, until the

brownish yellow color of the solution has been largely destroyed,

then 2 cubic centimeters of starch paste are added and the titra-

tion continued until the blue particles have entirely disappeared.

Towards the end of the reaction the flask should be stoppered

and shaken violently, so that any iodine in the carbon tetra-

1 According to Wijs, one hour is sufficient for any oil or fat and fifteen to thirty minutes

for nondrying and semidrying oils.
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chloride will be taken up bv the potassium iodide. The
'^ bleached " condition should hold for at least five minutes,

though the blue color may develop again in time, due to the

splitting off of iodine. Several blank determinations should be

run with every series of tests. The difference between the titra-

tion of the blank and that of the excess iodine is the thiosulfate

equivalent of the fat, which multiplied by the factor (obtained

as above) and divided by the weight of fat gives the percentage

of iodine absorbed.

Limit of error, .25 iodine number.

Synopsis of Reaction. — Solution with carbon tetrachloride.

Formation of chloro-iodo additive compounds with unsatu-

rated acids and their glycerides.

Solution of the excess iodine with potassium iodide and titra-

tion with sodium thiosulfate, using starch paste as indicator.

2 NajSoOg+21 = Na^406 + 2 Nal.

10. Calculated Data from the Iodine Number.

Theoretically the unsaturated fatty acids belonging to the

oleic and ricinoleic series absorb 2 atoms of the halogen, linolic

series 4 atoms, linolenic series 6 atoms, etc. The glycerides act

similarly to the free acids and absorb three times as many atoms

(triglycerides). In fats and nondrying oils olein is the promi-

nent unsaturated glyceride and linolein in drying oils. In those

cases where only one such acid or glyceride is present its per-

centage can be readily calculated from the iodine number,

dividing by the theoretical absorption.

^^^'' ""^ == C^^. = "282^^72 = •

^^^^^

Olein = ^^ = -^^^1^ = .80098
CsH^CCis H^ 0,)3^ 884.822

In a similar manner linolic acid combines with 1.81220 parts

of iodine and linolein with 1.73380.

Where; there are two unsaturated acids (or glycerides) pres-

ent (x and y) of known absor])ti()n (e and d), if the percentage

of the mixture (V) and the iodine niniibci- (I) of the fat have

13(C„Il3,02) + ('3"2-
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been determined, the per cent, of each acid (or glycerides) can

be calculated by formula :
—

x + y = P

ex + dy =.011'

.01 I— dP
"= c-d

11. Neuteal Fat asb Unsaponifiable Matter.

The neutral fat and nnsaponifiable matter indicates the per-

centage of these substances in an oil, fat or wax.

Reagents. — Sodium carbonate, anhydrous powder, free from

caustic alkali.

Ethyl ether, anhydrous and free from alcohol.

Method. — Into a 3-inch porcelain dish are brought 2 grams

of fat together with 1 gram of sodium carbonate and 5 cubic

centimeters of alcohol, and the contents stirred thoroughly.

After evaporation of the alcohol 25 grams of quartz sand are

added, and the mixture transferred to a S. & S. capsule and

extracted with ether in a continuous extractor. The extract is

dried for one hour in an air bath at 100° C, and considered

neutral fat and nnsaponifiable matter. Drying^ in a vacuum

oven below 70° C. is preferable. Unnecessary heating should

be avoided, as it causes oxidization and sometimes volatilization.

Limit of error, .15 per cent.

8y7iopsis of Reaction. — Neutralization of free fatty acids

with sodium carbonate.

Extraction of neutral fat and unsaponiiiable matter with

ether.

Free Fatty Acids. — Free fatty acids can be determined by

diiference, — 100 less per cent, of neutral fat and nnsaponifi-

able matter.

12. Unsaponifiable Matter.

The nnsaponifiable matter of an oil, fat or wax is that por-

tion which does not combine with caustic alkali to form soap,

thereby insoluble in water l)ut soluble in ether.

Reagents. — Glycerol-soda solution, 100 cubic centimeters of

' See " method " under Insoluble Acids for suggestions on drying.

- The factor .01 converts the iodine nniiiher to the same basis as the figures for theoret-

ical absorption stated on previous page.
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sodium hydrate solution (equal parts of soda and water filtered)

free from carbonate, to 900 cubic centimeters of pure glycerol.

Ethyl ether, anhydrous and free from alcohol.

Method.^ — Into a 800 cubic centimeter Erlenmeyer flask

are brought 10 grams of fat together with 40 cubic centimeters

of glycerol-soda solution, and heated over a naked flame, rotat-

ing continuously, until the saponification is complete, as shown

by the mixture becoming perfectly clear. The soap is dissolved

in slightly warm water, filtered through a dense fat-free filter

paper and washed thoroughly. The filter paper and contents

are dried and extracted with ethyl ether in a continuous ex-

tractor. The extract is dried for two hours in an air bath at

100° C, and considered unsaponifiable matter. The use of

a separatory funnel might facilitate matters and would probably

yield slightly higher results, as soap is somewhat soluble in

ether.

Limit of error, .05 per cent.

Sijnopsis of Reaction. — Saponification with glycerol-soda.

Removal of the soap and other soluble materials with water.

Solution of unsaponifiable matter with ether.

8upple7nentary Notes. — Unsaponifiable matter includes hy-

drocarbons, mineral oils (petroleum and shale oils), tar oils

(neutral coal oils), paraffin, ceresin, rosin oils, the solid fat

alcohols of the ethane series (cetyl, octodecyl, ceryl and myricyl)

and of the aromatic series (cholesterol, isocholesterol, phytos-

terol and sistosterol), and possibly some coloring matter. The

natural base of wax, monatomic alcohols of ethane series, unlike

glycerol, is insoluble in water. Cholesterol is the characteristic

solid alcohol of animal fats and oils and phytosterol of the

vegetable.

1 Not applicable for volatile hydrocarbons.
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THE ACIDITY, SULFITE CONTENT AND COLOR
OF GLUTEN FEED.

BY P. V. GOLDSMITH, B.SC.

1. Process of Manufacture.

Gluten feed is the name applied to the finely ground endo-

sperm (body of the corn) after the removal of the starch and

corn germ. The corn is first soaked in quite dilute sulphurous

acid, which softens the grain sufficiently to allow the sej^aration

of the various partsj the dilute acid also serves to check exces-

sive fermentation. After soaking for the requisite length of

time the corn is coarsely ground and passed through a series

of separators, shakers and presses, which process results in a

reasonably distinct separation of germ, starch, gluten and hulls.

The gluten, together with that portion of the starch which can-

not be separated by mechanical means, and the hulls are mixed

with the evaporated steep water from the steeping vats, and the

mixture dried and ground is the gluten feed of commerce. This

so-called steep water, in which the corn was at first soaked, con-

tains much of the more readily soluble material of the corn, and

when mixed with the feed after evaporation imparts to it a dark

color.

Most of the feeds offered for sale at the present time possess

a sharp acid taste and a bright yellow color. The claim has been

made that they contain an excess of injurious dyes as well

as excessive amounts of sulphurous acid. The object of this

investigation has been to determine :
—

The nature of the acidity.

The amount of sulphurous acid present.

The presence and source of the added color.
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2. Acidity.

The acidity of gluten feeds is manifest to the taste as well

as in titration with standard alkali. The following table gives

the acidity of a number of feeds collected on the Massachusetts

market in 1908.

In determining total acidity, 5 grams of the feed were trans-

ferred to a bottle of approximately 500 cubic centimeters capac-

ity, together with 100 cubic centimeters of distilled water. The

bottle was then placed in the shaker for fifteen minutes, after

which the solution was filtered and an aliquot titrated against

N/3 NaOII, using phonoliihthalein as an indicator.

(a) Total Acidity {calculated as H^SO^).

[Blank .OS cubic centimeter.]

Laboratory Number. Color. Taste.
Acidity

(Per Cent.).

370,.

371, .

Sill, .

392, .

393, .

394, .

39.5, .

459, .

460, .

4C1, .

4G-2, .

463, .

506, .

513, .

614, .

539, .

568, .

60-2, .

603, .

604, .

637, .

C57, .

687, .

697, .

770, .

795, .

796, .

Medium,

Medium,

Medium,

Medium,

Medium d;

Dark,

Medium lij

Dark,

Aledium,

Light,

Dark,

Medium,

Very light.

Dark,

Light,

Light,

Dark,

Medium,

Medium,

Medium,

Light,

Dark,

Medium,

Medium,

Dark,

Medium,

Medium,

irk,

ht,

Slight acid,

No acid.

Distinct acid

No acid,

Sharp acid,

Sharp acid.

No acid.

Acid, .

ShaiiJ acid,

Slight acid,

Sharp acid,

Slight acid,

No acid,

Slight acid,

No acid.

No acid,

Sharp acid.

Slight acid,

Slight acid,

Slight acid,

No acid,

A (-id, .

Shari) acid.

No acid.

Sharp acid.

Slight acid,

Sharp acid,

.62

.15

.72

.31

.91

.96

.06

.55

.86

.73

1.21

.74

.06

.(;6

.20

.17

.86

.57

.70

.03

.38

..59

.90

.31

.95

.(;;{

1.02

Color and taste were observed previous to determining acidity.
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From the table one notes a range in total acidity of the feeda

tested varying from .06 to 1.21 per cent. The high percentages

were found only in a few instances, the majority giving a range

of .30 to .80 per cent.

By noting color and taste in connection with the determina-

tion of total acidity it was found that those feeds possessing a

dark or deep yellow color gave, in the majority of cases, a sharp

acid taste, and also a relatively high percentage of acid. The

relation which exists between depth of color and per cent, of

total acidity may be explained as follows: in the process of

manufacture there is, as heretofore stated, a certain amount of

steep water added to the gluten previous to drying. This steep

water carries a relatively high per cent, of acid, which nnist be

neutralized by the addition of soda or lime. It is the bleaching

action of the alkali which affects the depth of color ; if an insuf-

ficient amount of alkali were added to neutralize the acid pres-

ent there would be a relatively high acidity of the feed, together

with a comparatively deeper color, and vice versa. It should be

noted in connection with the above that while the addition of

the steep water to the gluten gives it naturally a darker color, yet

this should not be confused with the deep yellow color above

referred to, due to the artificial coloration.

(h) Determination of Chlorides.

Chlorides and sulfates were determined quantitatively in the

watery extract of many different samples.

Method for Chlorides. — To 5 grams of the sample were

added 100 cubic centimeters of distilled water, as in the deter-

mination of total acidity. After shaking, the solution was

filtered and 20 cubic centimeters of the filtrate transferred to a

porcelain dish and titrated against N/10 sodium hydrate for

total acidity, using phenolphthalein as indicator. A few drops

of soda were then added to insure a slight excess, and the solu-

tion brought to dryness on a water bath, after which the dish

was transferred to a gauze top burner and the contents charred

at a low red heat. The finely pulverized contents were next

taken up with distilled water, filtered, and the insoluble residue

well washed with distilled water. The determination of chlo-
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riiie was made in the filtrate after the usual method, by titration

with standard silver nitrate solution, blank determinations being

made in every case. The following table gives the chlorine

content of several products, calculated as hydrochloric acid :
-—

•

Number of Product.
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(c) Determination of Sulfates.

Sulfates were determined in the watery extracts of several

products in the usual way,^ blank determinations being run in

every case.

Number of Sample.
Total Acidity

calculated a.s Sul-

phuric Acid.

Sulfates
calculated as Sul-

phuric Acid.

A,

B,

C,

462,

.0001

.0005

.0020

.1.1.50

For explanation of numbers see Determination of Chlorides.

It is evident from the above results that the addition of the

steep water causes an increase in the water-soluble sulfate

content of the feed. This is accounted for by the fact that the

steep water carries more or less of sulfite which is readily oxi-

dized, appearing as sulfate. It is doubtful if any sulfate exists

in the feed as free sulphuric acid from the fact that it would be

readily neutralized, and that it would react acid to methyl

orange even though it be present in .small quantities.

{d) Pliosphoric Acid and Composition of Ash.

A water extract of a gluten feed was prepared by bringing 50

grams of the sample on a filter and washing with warm distilled

water until the filtrate equaled 500 cubic centimeters. This was

evaporated to dryness on a water bath and carefully ashed. An
anal^'sis of the ash gave the following results :

—
Per Cent.

Silica,
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The results of the analysis show the ash of the water solution

to contain relatively high per cents, of phosphoric acid, potas-

sium oxide and magnesium oxide. It is difficult to state in just

what way these various elements are combined ; it is probable

that they exist in part, at least, in organic combination. From
the relatively high per cents, of potassium oxide, magnesium

oxide, phosphoric acid and the presence of calcium oxide, it may
be inferred that the phosphorus in corn exists in a similar com-

bination as that in wheat bran, namely, as phytin,— a soluble

phospho-organic compound containing potassium, magnesium

and calcium.^ Phytin is soluble in water and insoluble in

alcohol and ether. Whether or not this compound, if present,

bears any relation to the acidity is yet to be determined. It is

probable, however, that in the concentration of the steep water

the phytin, if present, would undergo a decomposition, in which

case phosphoric acid would undoubtedly be formed. It is doubt-

ful if any free phosphoric acid exists in the feed ; it would prob-

ably be present as a salt.

(e) Volatile Organic Acids.

To determine whether the acidity was due in part to free

volatile organic acids, such as lactic, butyric or acetic, etc., dis-

tillations of the watery extract were made in vacuo at a maxi-

mum temperature of 100° C. under 13 millimeter pressure.

In no case was there more than a mere trace of acid detected in

the distillate, indicating that the amount of free volatile acids

in the feed is small. The residue from the distillation was a

resinous material, dark brown in color and had a sharp, biting

taste. Distillations in vacuo, in presence of dilute sulphuric

acid, also gave negative results, indicating that little or none of

the acidity of gluten feeds is due to the salts of the volatile acids.

(/) Acidity and Indicators.

The following table gives the acidity of a number of gluten

feeds, using both phenolphthalcin and methyl orange as in-

dicators :
—

' fsolated from wheat bran by Patten and Hart, Bulletin No. 250, New York Experiment

Station.
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Acidity calculated as Sulphuric Acid.

Number of Feed.

432,

433,

434,

435,

436,

437,

438,

439,

440,

441,

442,

443,

444,

445,

446,

447,

Acidity to

Phenolphtha-
lein.

.10

.14

.7'J

.(K!

• 77

aw

i.ou

.06

1.4S

.06

.70

.92

.06

1.06

1.06

.87

Acidity
to Methyl
Orange.

Number of Feed.

448,

449,

450,

451,

452,

4.53,

454,

4.55,

456,

457,

458,

459,

460,

461,

462,

Acidity to
Phenolphtha-

leiii.

Acidity
to Methyl
Orange.

2.24

1.11

.84

.92

1.38

.50

.03

.18

.08

1.09

1.60

.78

1.53

.08

2.11

The several titrations indicate that in every case the water

solutions of the feed gave a neutral or alkaline reaction with

methyl orange. Methyl orange as an indicator possesses rather

strong acid properties, i.e., it forms compounds that are quite

stable and which require strong acids to decompose them, hence

it is much more sensitive to free inorganic acids than to those

of an organic nature, some of the latter being entirely unable to

replace the acid radical of the indicator.

3. Sulfites.

In the process of manufacture of gluten feed there is, as has

been heretofore stated, a certain amount of sulphurous acid

added to facilitate the separation of the various parts of the

corn. Since sulfites are of a poisonous character it was im-

portant to determine whether they were present in the finished

feed in sufiiciently large amounts to cause any serious results

when fed to animals. Sulfites were determined after the usual

method, by distilling a considerable amount (50 grams) with
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dilute phosphoric acid into bromine water. The excess of bro-

mine was then boiled o& and the sulphuric acid formed deter-

mined by precipitation with barium chloride. The distillation

was conducted in the presence of carbon dioxide, which served

to i^revent oxidization. Dilute coi:)per sulfate solution^ was

used to purify the suljjhur dioxide. Since it was necessary to

employ relatively large amounts of the sample for distillation,

it was found convenient to place the distilling flask on an oil

bath to prevent burning. The following table gives the result

of several determinations :
—

Niunber of Sample.

1, .

2, .

8, .

4, .

5, .

Sulphur Dioxide (Per Cent.).

.OU50

.0008

.00-10

.0006

none

Dkuik .UOU.J ill each case.

The results of these various analyses show that the amount of

sulphurous acid in the samples of gluten feeds tested was small,

and it can be assumed that practically all of the sulphurous acid

originally added has been driven off or oxidized to sulj^huric

acid. Formerly the United States government allowed the addi-

tion of sulphur dioxide to foods at the rate of 350 milligrams

per kilogram, or .035 of a gram per 100.- This decision was

later amended,^ pending determination by the referee board,

and at present calls for the labeling of all foods containing even

small amounts of sulj^hur dioxide.

4. Coloring Matter.

In the work presented on coloring matters no attempt has

been made to determine the individual dye or combination of

dyes used, but rather to ascertain whether the added color was

one of vegetable or coal tar origin. The method for the detec-

tion of artificial coloring matter in gluten feeds recommended

by Gudeman^ is not applicable in those cases where the sub-

' Winton and Bailey, Journal American Chemical Society, Vol. XXIX., No. 10, 149'.).

2 Food iiispeotion derision No. Tfi, .Inly 13, l'.)07.

» Food inspcftion decision No. S'.», Felj. 2H, I'MH.

* Journal American Clieniical Society, Vol. XXX., No. 10 (1!)08), 1623.
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stance on heating becomes solid or semisolid, due to the forma-

tion of a starch paste, hence a slight modification was employed.

Method. — To 25 to 50 grams of the sample add 150 cubic

centimeters of absolute alcohol^ and 5 cubic centimeters 1 to 1

ammonia ; digest with reflux condenser for three-fourths to one

hour, filter, acidify with 10 per cent, hydrochloric acid, add

about a square inch of woolen cloth and boil from three-fourths

to one hour, to effect a good transfer of color. The wool sample

is next washed thoroughly in water, boiled for several minutes

ill very dilute solution of hydrochloric acid and then again in

water, to remove the acid. The color in the wool sample is next

dissolved by boiling it in a 1-50 ammonia solution, after which

the sample is removed and the bath again made acid, when the

second wool samjile is added and the boiling of the second acid

bath prolonged from one-half to one hour. " The dyeing of the

second wool sample, ranging from a bright canary yellow to a

deep reddish yellow, is positive proof of added coal tar color." ^

Of 30 samples of gluten feed collected on the Massachusetts

market in 1908, 26, or over 80 per cent., were found to contain

added aniline color. This coloring is lawful provided the fact

is so stated on the food label, as is now the case with most of

the gluten jiroducts placed on sale.

5. Conclusions.

1. Water solutions of gluten feed react acid to phenolphtha-

Iciu (.1 to 2.11 per cent, calculated as sulphuric acid) and alka-

line or neutral to methyl orange, which would indicate the ab-

sence of any appreciable amount of free mineral acid (suli^huric

and hydrochloric). The direct determination of the sulfates and

chlorides shows them to be present only in small amounts.

2. An analysis of the ash of the water solution shows it to

contain considerable potassium, magnesium and phosphoric

acid, together with lesser amounts of calcium and sodium. The

presence of the several alkalies oifers additional evidence of the

absence of free mineral acids.

3. The presence of such considerable amounts of potassium,

magnesium and phosphoric acid in the extract leads one to sur-

• Jenkins of Connecticut State Station recommends tlic use of alcohol in first acid bath.

« Gudcman in Journal American Chemical Society, Vol. XXX., No. 10 (1908), 1623.
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niise that the phosphorus exists in the corn as phytin or a

similar organic compound, and that the latter may have been

decomposed in the process of evaporating the steep water.

4. Pending further investigation, the acidity of gluten feeds

is believed to be due primarily to some form of phosphorus, to

a much less degree to the acid salt of suli)huric acid, as well as

to traces of sulfites and organic acids. It is advised that the

acidity be sufficiently neutralized so that no more than .5 per

cent, is shown (calculated as sulphuric acid) when titrated

against normal alkali with phenolphthaloin as indicator.

5. The gluten feeds examined showed traces only of sulfites,

and hence it is concluded they are not present in sufficient

amount to be regarded as in any degree injurious to animals.

6. About 80 per cent, of the gluten feeds collected in Massa-

chusetts during 1908 were found to contain aniline (coal tar)

dye. It is not believed that the amount present was sufficient to

be considered injurious. It is thought, however, that it would

be decidedly preferable to omit the color.

In conclusion, the writer wishes to express his thanks to

Dr. J. B. Lindsey, Dr. R. D. MacLaurin and Mr. E. B. Holland

for their criticisms of the above-described work.
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ANIMAL RESIDUES AS A FOOD FOR FARM
STOCK.

BY J. B. LINDSEY,

1. Meat and Fish Meals.

As a result of the preparation of beef extract according to the

formula of J. von Liebig, which was first undertaken in Uru-

guay in 18G3, there was placed upon the German market a

large amount of dried extracted material,— Fleischfuttennehl,

— which was soon recognized as a suj^erior j^rotein food for all

kinds of farm stock. C. Voit/ as a result of investigations re-

ported in 1869, showed that, contrary to the generally held

opinion, this extracted beef was quite fully digested. The first

feeding experiments were carried out to demonstrate its value

for farm animals in Uruguay in 1872, after plans submitted by

Liebig.^ Since 1872 numerous brands of beef and fish meals

have been oifered for sale in Europe, and a great variety of

experiments with horses, cattle, sheep, and swine have been

made, a most excellent summary of which may be found by con-

sulting Shenke's valuable publication.^

The consensus of opinion— based upon the above-mentioned

experiments— has been that such material when properly pre-

pared is highly digested, and furnishes an excellent source of

protein for dairy stock, horses, sheep, swine and poultry. An
exception is made to residues made from decayed or badly dis-

eased animals (Kadavermehl). European meat meals of the

best grade have been shown to contain an average of 72 to 73

per cent, protein, 13 to 14 per cent, fat, 3.5 to 4.5 per cent, ash

(263 analyses), and to be 90 or more per cent, digestible.

• Ueber Untersuchungen der animal, und vegetab. Nahrung. Miinchen, Sitzungsber. d.

math.-pliys. Klasse, 1869.

2 Landw. Versuchsstationen .59 Bd., 1903; also Die Futtermittel des Handels von V.

Shenke, p. 737, pub. by P. Paray, Berlin.
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European fish meal is guaranteed to contain 59 per cent, j^ro-

tein, 2 per cent, fat, and has been found to be fully 90 per cent,

digestible.

Kellner recommends 3 to 4 ounces daily for young pigs and

calves, which amount may be increased to IG ounces, depending

upon the size of the animal and the richness of the other foods

in nitrogenous matter. Milch cows may be fed as high as 2

pounds daily without any objectionable taste being noted in the

milk or butter. Sheep and horses do not take the meal readily,

but its consumption can be brought about by mixing it with

other grains; about one-half pound daily is recommended.^

In the United States up to the present time the various resi-

dues from slaughterhouses and fish factories have been utilized

chiefly as sources of plant food. Of late the large packers have

endeavored to popularize such material in place of or as a sup-

plement to protein concentrates of vegetable origin. Large

amounts of meat scraps and meals are consumed in the rapidly

increasing poultry industry, and several brands of specially

prepared or digester tankage and dried blood are recommended

and offered for sale although not generally distributed in local

markets.

Tankage for animal feeding is prepared " from scraps of meat

of cattle and hogs (lungs, tendons, bones, etc.), cooked for four

hours in large steel tanks under 25 to 40 pounds' pressure. . . .

The tankage is then pressed, to remove the excess of water and

fat, after which the feed is dried and ground." The highest

grade contains about 50 to GO per cent, protein, 10 to 15 per

cent, fat and 6 to 10 per cent, bone ash, and has a noticeable

odor. It is recommended chiefly as a supplement to corn for

feeding pigs, in the proportion by weight of 1 part tankage to 5

to 10 parts corn. While a proportion of 1 to 5 has given slightly

better results, the opinion is expressed by several experimenters

that so large a proportion of tankage is not as profitable as the

smaller amount,- It seems probable that 1 part tankage to 5

parts corn could be given advantageously to young pigs, and

1 KcUner, Dio Krnahruni]!- d. landw. Xiitztliicre, i))i. 369-371.

- Iowa Experiment Station Bulletin No. 05; Purdue Ex](erinient Station Bulletin Nos.

Wand 108; Michigan Exiteriment St-ition Bulletin No. 237; Nebraska Experiment Station

Bulletin No. (t4; South Dakota Experiment Station Bulletin No. 00; Virginia Experiment

Station Bulletin No. ](i7.
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the proportion of corn increased as the process of fattening

progressed.

The Massachusetts station fed Swift's digester tankage to

two dairy cows in place of twice the amount of high-grade dis-

tillers' grains (33 per cent, protein). One-half pound of tank-

age daily was first fed and the amount gradually increased to

li/o pounds per day; the total grain ration consisting of 4

pounds wheat middlings, 1 pound distillers' grains and li/o

pounds tankage, or 5 pounds molasses beet pulp, 2 pounds mid-

dlings and ll/o pounds tankage. Neither of the animals made

any objections to the tankage when mixed with the other grains,

in spite of its noticeable odor. Frequent samples of milk were

examined, both cold and at a lukewarm temperature, but it was

not possible to detect any flavor or odor that could be attributed

to the meat product. It is hardly considered advisable, however,

to feed such material to dairy stock.

2. Dried Blood foe Stock.

Dried blood for feeding purposes is prepared by heating the

fresh blood of cattle and swine in large tanks at 212° F. The

excess of water is removed from the coagulated mass by means

of heavy presses and the material then passed through steam

dryers and eventually ground and liagged. As thus treated it

appears as a dry, friable powder of dark color and with only a

slight odor.

One finds comparatively few experiments described and little

said in agricultural publications relative to the value of blood

meal for animal nutrition. Kellner^ states that "when it is

prepared without being overheated, it has proved itself to be a

very easily digested protein food stuff, suitable for all farm

animals, readily consumed and to be fed in the same amounts

as meat meal. It is found to be quite satisfactory as a constitu-

ent of fodder bread and biscuit and of the less valuable

molasses feeds."

In the United States several stations ^ report feeding trials

with blood combined with carbonaceous foods (corn), in which

1 Already cited.
.

2 Missouri AKricultiiral College Bulletin Nos. U, 19; Wisconsin Experiment Station Re-

ports, 1880, 1887, 1888, 1839.
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it is shown that the addition of the hlood produced a more rapid

and healthy development of the body and tended to increase the

proportion of lean meat.

The Kansas station^ has found a tcaspoonfnl of soluble blood

flour added to each feeding of milk to be quite efficacious in

checking mild cases of scours in calves.

Ohservations at the Massachusetts Station with Blood Meal.

The station procured a quantity of Armour's blood meal and

made the following observations : (1) composition; (2) digest-

ibility; (3) its value as a source of protein in place of cotton-

seed meal.

(1) Composition {Per Cent.).
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bolic by-products. Judging from the digestibility of the total

dry matter of the blood it may be safely concluded that the blood

protein must be quite thoroughly utilized by farm animals.

Kellner^ found the protein in blood meal to be 92 per cent,

digested; Wildt^ secured protein coefficients of from 01 to 72

per cent, on samples of blood which had been overheated.

(3) Blood Meal v. Cotton-seed Meal for Dairy Cows.

Object of the Experiment. — To compare the total protein of

dried blood with an equal amount of protein in cotton-seed meal

upon the yield of milk and milk ingredients, and to note its

economy and suitability as a protein concentrate for dairy stock.

Plan of the Experiment. — Four cows, Blanche, Brighty,

Dora and May, were divided into two lots and fed by the usual

reversal method. The care and weighing of the animals, method

of feeding and sampling of milk were the same as in the alfalfa

meal experiment (pages 158-166).
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Total Rations consumed hy Each Cow (Pounds).

Blood Meal Ration.

Cows.
First-cut
Hay.

Bran.
Hominy
Meal.

Blood
Meal.

Cotton-seed
Meal.

Blanche,

Brighty,

Dora, .

May, .

Totals,

616
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Average Dry and Digestible Nutrients in Daily Rations (Pounds).
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Total and Daily Yields (Pounds)— Concluded.

Cotton-seed MeUl Ration.

Cows. *
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Practically the same amounts of dry and digestible matter

were required to produce equal amounts of milk, milk solids

and milk fat.

Effect of Blood Ration on Milk Flavor and on Anitnals.

Frequent samples of milk were taken in sterilized milk bot-

tles, carried to the laboratory and tasted, both cold and luke-

warm. It was not possible to detect any objectionable flavor

which could be attributed to the blood. The blood ration in no

way interfered with the normal condition of the animals, all

of which consumed it readily.

The only disturbance noted in the exjieriment was that of the

cow Brighty while being fed the cotton-seed meal ration. She

was attacked with indigestion on JSTovember 20 and was out

of the experiment until December 12, when she again re-

turned to her normal condition and milk flow. She was contin-

ued from December 12 until January 1, thus completing her

four weeks' record, although the experiment for the remainder

of the herd ceased December 18.

3. Conclusions.

1. Dried blood contains some 85 per cent, of protein, and

when properly prepared (not overheated) has proved itself to

be highly digestible and well suited as a concentrated protein

nutrient for farm stock.

2. For cows in milk it may be fed in amounts varying from

1 to 2 pounds daily, mixed with concentrates of vegetable origin.

A satisfactory combination for a day's ration consists of 2 to 3

pounds of wheat bran, 2 to 3 pounds of corn or hominy meal

and 1.5 pounds of dried blood. Other mixtures can be made
containing blood as a constituent.

3. It is believed to be the part of economy to first utilize

blood as an animal food rather than to apj^ly it directly as a

fertilizer.

4. The present price of prepared blood, its lack of distribu-

tion in local markets and the ignorance of the consumer con-

cerning its merits as a food have thus far prevented its general

use for feeding purposes.
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ALFALFA MEAL v. WHEAT BRAN FOR MILK
PRODUCTION.

OcTOBEK TO Decembek, 1906.

BY J. B. LINDSEY.

The merits of alfalfa hay, Avhcn early cut and well cured, are

fully recognized by feeders of farm stock. Considerable alfalfa

hay is ground and offered as a iood for poultry and as a substi-

tute for wheat bran. The station has made a comparative study

of the merits of ground alfalfa and bran for milk production,

and briefly presents the results secured.

Composition of Alfalfa {Per Cent.).
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Digestibility of Alfalfa.

This station has not conducted digestion experiments with

alfalfa as so many excellent investigations have been made else-

where, especially in Kansas and Utah. The resulting average

coefficients follow :
—
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week preliminary) at the same time the other three received

the wheat bran ration. In the second half of the trial the con-

ditions were reversed.

Data concerning Cows.

Names. Breed.
Age

(Years).
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dry matter at the end of each half of the trial, and eventually

completely analyzed. Sufficient of each of the several grains

was purchased at one time to last during the entire experiment.

Sampling Milk. — The milk of each cow was sampled twice

daily for five consecutive days and preserved in glass-stoppered

bottles. The method of sampling consisted in mixing the freshly

drawn milk with an especially constructed mixer, and imme-

diately removing a small dij^perful.

Character of the Feeds. — The hay and rowen were of excel-

lent quality. The former was a mixture of Kentucky blue grass

with some clover and the latter was largely grass rowen. The

quality of the bran was not particularly satisfactory. It was

bought by sample, and had the appearance of being a fairly

clean, winter wheat product. As the experiment progressed it

was found that some bags contained a considerable admixture

of middlings and some wheat hulls. Towards the latter part of

the second half of the trial the variation became so noticeable

that Washburn Crosby's spring bran was substituted for the

remainder of the experiment. The source and quality of the

alfalfa meal have already been mentioned.

Effect of Alfalfa on General Condition.

The alfalfa meal was fed mixed with the other grains. The

animals ate the mixture readily and kept in uniformly good

health, as did those receiving the bran ration. The alfalfa

ration produced rather more of a laxative effect than did the

bran.

Total Feeds consumed (Pounds)

.

Alfalfa Meal Ration.

Cows.
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Total Feeds consumed (Pounds)— Concluded.

Wheat Bran Ration.

Cows.
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naturally assume that a little less milk and milk products would

be produced by the alfalfa meal ration, because of the increased

energy required to digest the excess of fiber.

Herd Gain in Live Weight.

Character of Ration. Pounds.

Alfalfa meal,

Wheat bran.

119+

165+

Both herds made a substantial gain ; the bran ration gave the

better results.

Yield of Milk and Milk Ingredients {Pounds).

Wheat Bran Ration.

Cows.
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the entire period of thirty-five days the cows did not respond

readily to either ration. The reason for this was due probably,

in part, to the fact that bran or alfalfa (feeds having a compara-

tively low digestibility) made uj) nearly 60 per cent, of the grain

ration, and partly because of the wide nutritive ratio of the

rations. Both rations eventually tended to produce a slow

accumulation of body fat rather than to stimulate the flow of

milk (note gains in live weight). Incidentally it may be stated

that the writer does not consider it economical, as a rule, to use

more than 25 to 40 j^er cent, of bran in rations intended for

milk production. The former amount may be employed when

the remainder of the ration is composed of rather bulky con-

centrates, and the latter with heavy concentrates, such as com-

binations of cotton-seed and corn meals.

Average Composition of the Herd Milk.

Character or Ration.
Total Solids
(Per Cent.).

Fat
(Per Cent.).

Solids not Fat
(Per Cent.).

Alfalfa meal, .

Wheat bran, .

14.81

14.63

5.22

5.29

9.59

9.34

The variations in the quality of the milk are not sufficiently

pronounced to warrant any particular deductions.

Dry and Digestible Matter required to produce Milk and Milk Ingre-

dients (Pounds).
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Food Cost of Milk and Butter.

Character of Ration.
Total
Milk.

One Hundred
Pounds
Milk.

One Quart
Milk

(Cents).

One Pound
Butter

(Cents).

Wheat bran,

Alfalfa, .

Percentage decreased cost of bran over al-

falfa ration.

$49 01

53 07

9.20

$1 21

1 32

9.20

2.72

2.97

9.20

19.5

21.8

9.0

The several feed stuffs were figured at the same j^rice per

pound, excei^ting the wheat bran and alfalfa; the former cost

$22 and the latter $30 a ton in the market. On this basis the

alfalfa ration would increase the cost of milk and butter some 9

per cent. If the bran and alfalfa were figured at the same price

a ton, the food cost of the product would vary very slightly.

Approximate Fertilizer Ingredients in Bations.

Wheat Bran Ration.

104.54 pounds nitrogen, valued at 18Vi cents a pound, equals

79.3(i pounds potash, valued at 41,4 cents a pound, equals .

48.52 pounds phosphoric acid, valued at 4 cents a pound, equals

Alfalfa Ration.

82.32 pounds nitrogen, valued at 181,^ cents a pound, equals

68.30 pounds potash, valued at 4Vi cents a pound, equals

21.02 pounds phosphoric acid, valued at 4 cents a pound, equals

$19 34

3 37

1 94

$24 65

$15 23

2 90

84

$18 97

Owing to the excess of fertilizer ingredients, especially nitro-

gen, in the wheat bran, the bran ration would furnish a some-

what richer manure. This fact should not be entirely lost sight

of in comparing the merits of the two feeds.

Conclusion.

1. Wheat bran contained nearly 3 per cent, more protein and

very much less fiber than did alfalfa meal ; bran also has fully

100 pounds more digestible matter to the ton, and noticeably

more of the elements of fertility.

2. The present experiment indicates that, pound for pound,

wheat bran was slightly superior to alfalfa for the production

of milk. Both feeds act as slight laxatives, and are well suited

to dilute or distribute the heavy concentrates.
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The results secured from a single experiment should not be

regarded as conclusive. The composition and digestibility of

the alfalfa meal, as well as the feeding experiment described,

all point in the same direction, and strongly indicate that the

above conclusions are correct. It is believed that if the grain

ration had consisted of alfalfa and corn meal, or bran and corn

meal,— that is, if gluten feed had been excluded from the

ration, — the results would have been more favorable to the

bran. The gluten feed supplied a sufficiency of protein, and

had it been omitted its loss would have been more noticeable in

case of the alfalfa ration.

The writer can see no advantage in replacing bran by alfalfa

meal, for the reason that the quality of the latter as measured

by the grade of the hay employed is likely to vary considerably.

Late-cut alfalfa has a low digestibility, and will prove decidedly

inferior to a good quality of bran. Mairs^ made an experiment

to compare bran and alfalfa meal and drew the following con-

clusions : (1) " The results of this test do not warrant the recom-

mendation of alfalfa meal as a substitute for wheat bran as a

feed for dairy cows at the present market prices (bran $20 a

ton, alfalfa meal $23)." (2) " The alfalfa meal was less pala-

table, and resulted in a decreased milk production in every

case." (3) "At the same 'piice per ton, alfalfa meal produced

milk in one case for a cent less and in another case at the same

price per hundred pounds."

The writer noted that the quality of the alfalfa meal used by

Mairs was superior to the average alfalfa hay.

1 Pennsylvania Experiment Station, Bulletin No. SO.
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VARIATION IN PEAS.

F. A. WAUGH AND J. K. SHAW.

A preliminary report of these studies in variation of peas

was made last year.^ Since that time the experiments have been

continued and many interesting data secured. The work was

done largely by Mr. C. S. Pomeroy.

Primarily these experiments were designed to give some

accurate knowledge of variation in a common variety of garden

V\nz. LE-NOTri

• - i I90T

FIG. 1.

peas, Nott's Excelsior. Hitherto our knowledge of such matters

has been too meager and inexact to have any scientific value or

to supply a proper basis for progress in practical plant breeding.

As the work has gone on other problems have come up, including

« Massachusetts Agricultural Experiment Station, Report 20; p. 65 (1908).
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.

questions in heredity and in correlation of characters. In this

year's work there has been nothing developed in the correlation
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Studies in Vaeiation.

In our last report figures and diagrams were given to show

the amount and range of variation in several qualities, namely,

(1) length of vine, (2) number of pods per vine and (3) num-

ber of peas per pod. It will now be of interest to compare the

variation of 1908 with that shown in 1907, remembering that

the plants of 1908 were the progeny of those grown in 1907.

Before taking up the figures, attention should be called to the

fact that the very dry summer of 1908 shows its effects very

«J
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An inspection of the graphs will show that this is the actual

result. The curves for 1908 show smaller plants with fewer

pods, but there is, nevertheless, a very striking similarity in the

scope and character of variation in the two years. (See Figs.

1, 2 and 3.)

The general character of the results may also be seen from the

following table

:

Variation in Peas.
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Studies iist Heredity.

From the beginning of this experiment careful studies in

heredity have been planned. As this year's report covers only

the second generation of peas no very conclusive results could

be expected. It must be confessed, however, that the figures for

this year not only lack conclusiveness but they are decidedly con-

fusing. It was to be expected, of course, that the progeny of

prolific vines would be more prolific than those from unprolific

vines, and that plants which in 1907 gave a large number of

peas per pod would yield progeny in 1908 with relatively large

numbers of peas per pod. As a matter of record, this reasonable

expectation of heredity was not fulfilled to a degree which

would satisfy any practical plant breeder.

The measure of heredity is best computed by the methods

introduced by Galton, and improved by Pearson in England,

and now used largely among scientific plant breeders in America.

This method involves somewhat complicated mathematics, which

we need not take up here.^ It will be sufficient if we explain

that absolutely perfect inheritance (which never occurs) would

be represented by the integer 1, and that various degrees of

heredity would be measured by decimal fractions or percentages

running do^vn from 1 to 0. It may be said, further, that careful

studies of most subjects where heredity is known to operate nor-

mally show coefficients varying from .15 to .52 or .53, but a

coefficient as large as .50 seems to be rare. In human beings,

for example, heredity seems to run at about .30. Certain com-

putations will even show slightly negative results; but unless

the figures are large, such negative coefficients indicate only

that heredity has been practically obliterated with respect to the

individuals and the characters under examination.

The coefficients of heredity shown in the pea progeny of 1908

were as follows :
—

Coefficients of Heredity.
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While these are average residts, there were, as always, some

exceptional cases of individual vines which showed a marked

ability to transmit their individual characters to their offspring.

The selection of such prepotent plants is evidently an important

matter in plant breeding. In order to exhibit this difference we
have computed a coefficient of heredity for each parent and for

each character under study, as shown in the following table.

These computations were made from the following formula :
—

C =
crD

In this formula

C = Coefficient of heredity.

cr = Standard deviation of offspring.

D = Difference between numerical value of the parent character and

mean of the same character in the progeny.
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One very striking point in this comparison lies in the fact

that individual j^arents vary so much in the transmission of

different characters. For examjile, j^arent B stands at the head

in the transmission of the character " peas j)er pod " and at the

foot for " pods per vine." Similar lack of correspondence is

seen in many other cases. These facts, however, surprising

though they may seem at first sight, really conform to the more

modern theories of heredity, in which it is understood that dif-

ferent characters are often transmitted as independent units.

Nevertheless, some interesting observations on the other side

should not be overlooked. Parent K, for example, stands at the

head in the transmission of two of the qualities studied, and

stands second for the other two. Parent J also stands second in

the transmission of two characters. On the other hand, parent

C shows the minimum power of transmission in one character

and. stands next to the foot in two others. Parent E falls to the

minimum place in two characters, though ranking fairly high in

the other two. From these figures it would appear fair to give

K the sweepstakes prize for all-round j)reiDotency.
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THE INFLUENCE OF STOCK ON CION IN THE
GRAFTAGE OF PLUMS.

BY F. A. WAUGH.

One of the most interesting questions in the whole field of

horticulture is that of the mutual influences of stock on cion

or of cion on stock in the common practice of graftage. This

question has long been the subject of speculation and study in

the horticultural world, liut really definite results have been so

hard to secure that the whole field still presents more of doubt

than of certainty. Several years ago the writer, then connected

with the Vermont Agricultural Experiment Station, began a

series of experiments in cross-grafting plums, designed to throw

some light on these problems. These experiments have been

continued in one form or another ever since, and are still under

way in the department of horticulture, Massachusetts experi-

ment station.

In one particular experiment, begun in 1898, the comparisons

proved most convincing and instructive. In this ease five differ-

ent varieties of plums were grafted upon four different kinds of

stocks, and very distinct modifications resulted, both from the

influence of cion on stock and of stock on cion. These results

have been reported from time to time in the publications of the

Vermont experiment station.^ The trees in this experiment

were planted in orchard form on the grounds of the Vermont

experiment station, where a number of them are still standing.

Through the kind permission of the officers of that station (Di-

rector J. L. Hills and Horticulturist Wm. Stuart) the present

writer has been enabled to renew his studies on the trees still

living. During the summer of 1908 a large number of measure-

» Vermont experiment station report 13; pp. 333-354 (1900) ; 14; pp. 257-269 (1901); 15; pp.
249-260 (1902) ; IS; jip. .300-305 (1905).
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ments were made by Mr. C. S. Pomeroj, then assistant in hor-

ticulture in the Massachusetts experiment station, and these

measurements form the basis of the detailed comparisons fol-

lowing.

It will be proper to preface these notes further by saying that

the measurements herein reported are arbitrarily confined to the

one variety Milton, as grafted on (a) Americana stocks, (h)

Wayland stocks, (c) Marianna stocks, (d) peach stocks. Other

varieties cross-grafted on these same stocks showed substantially

the same modifications.

FoEM OF Leaf.

Critical examination shows that the trees were profoundly

modified in many directions by the stocks on which they were

grafted. One of the characters chosen for special study was the

form and size of the leaf. The average size of leaves, taken

from several hundred measurements, is shown in the following

table :
—

Length and Breadth of Leaves.

Length Breadth
(Millimeters). (Millimeters).

Oa Aniericaua,

On Waylacd,

On Marianna,

On peach,

.

27.20

28.22

34.02

31.56

These measurements show at once the greater relative and

positive breadth of the leaves of trees growing in Marianna

stocks.

In order to show more clearlv the variation in form,— a mod-

ification distinctly manifest to the eye,— measurements of

breadth were taken not only at the middle of each leaf, but also

at distances from the base equal to one-tenth the total leaf length

and two-tenths and three-tenths the total length. Similarly,

breadth measurements were made one-tenth, two-tenths and

three-tenths of the leaf length from the tip. The numerical

averages of these measurements need not be given here since the

results may be so much more easily understood from the graphic
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presentation in Fig. 1. Here the averages are presented as

actual leaf forms, so that each diagram shows the average form

of leaf in its respective class. Where it is understood that these

averages are taken from a large number of measurements, and

Fig. 1.

that the modifications are due, so far as can possibly be seen,

solely to the influence of the stocks on which the trees are grow-

ing, it will be manifest that a distinct addition is made to the

knowledge of this subject.

Margiistal Serrations.

Not only arc the loaves in different lots difl^erent in size and

form, but they differ also in color. This difference, though
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easily demonstrated to the naked eye, cannot be so easily meas-

ured and recorded statistically. There is also a remarkable

difference in the marginal serrations in leaves from trees on

different stocks. Tracings of typical leaf margins are compared

in Fig. 2. By measuring the length of a large number of leaf

Fig. 2.

serrations in each lot, averages have been secured which will

serve for numerical conqjarison. In order to secure these meas-

urements with reasonable accuracy the leaf margins were con-

siderably magnified. On this account the units used in the

following comparison are arbitrary and need not be regarded.

(They were approximately one-eightieth of an inch.)

Comimrison of Marginal Serrations.

Arerage.
Standard
Deviation.

On Americana,

On Waylaiid,

On Marianna,

On peach, .

38.00

35.08

31.02

34.75

9.32

8.11

5.39

6.65
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The " standard deviation " shown in the right-hand cohimn

above will be easily understood by students of i:)lant variation.

Eoughly, it may be taken as the average deviation from the

mean.

The figures show, therefore, that the marginal serrations on

Milton jilum leaves are much larger and much more variable

when Milton plum is worked on Americana stocks than when it

is worked on Wayland, Marianna or peach. On Marianna the

serrations are finest and least variable.

Now, leaf margin characters are generally taken by botanists

to be of special importance in determining species and varieties.

That is, they are thought to be relatively constant. Moreover,

leaf margin characters are of special significance in the genus

Prunus, to which all the true plums belong. These curious

modifications, therefore, due almost certainly to the influence of

the various stocks, show conclusively that such influences may

be profound and far-reaching.

Rate of Growth.

The horticulturist will be more interested in the rate of

growth than in marginal serrations. Here, also, the influences

of the various stocks are traceable. Unfortunately, our measure-

ments include only three of the stocks in the experiment, the

peach being omitted. The average annual groAvth, taken in

centimeters, together with the standard deviation, is shown

below :
—

Annual Growth.

Average
(Centimeters).

Staiiilanl Deviation
(Centimeters).

On Americana 103.45 35.62

On Wayland 106.14 56.54

On Marianna 149.30 57.90

It is seen at once that the annual growth of Milton plum on

IMarianna stocks is much greater than on Americana or Way-

land, with somewhat greater variation. These averages, with

their respective deviations, may Ik; more convincingly shown,

at least to students used to modern plant breeders' methods, by
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representing them graphically. In Fig. 3 are shown three

curves, each representing the variation in one of the lots meas-

ured for annual growth. These curves bring out more forcibly

than the arithmetical averages the remarkable diiferences in

Fig. 3.

growth between the different lots, more especially between the

trees on Marianna and those on the other two stocks.

Just in passing it may be observed that the two lots on Amer-

icana and on Wayland have behaved much alike in all respects

from the beginning, while the lot on Marianna roots has shown

the most marked changes.
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The difference in growth may be shown further by the differ-

ence in the length of internodes (or joints) in the wood. A
large number of measurements were made of the internodes of

one-year-old Avood, with the following results :
—

Length of Internodes.

standard DeTiation
(Centimeters).

On Americana,

On Wayland, .

On Marianna,

6.85

8.87

10.47

These figures show a much ranker, more vigorous growth in

trees on Marianna stocks than on the others. There is also a

greater amount of variation. The striking differences in the

growth of internodes, however, are again shown most forcibly

by representing all the measurements graphically, as is done in

Fig- 4.
_

This difference in growth comes out in every point where

measurements can be taken. For examj^le, the diameter of a

large number of branches was measured on two-year-old, on

three-year-old and on four-year-old wood. The average measure-

ments are shown below :
—

Caliper Measurements of Branches {Centimeters)
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Summary.

These studies show, by careful aud accurate measurements,

and by more thorough methods than any hitherto applied to this

subject, that distinct modifications do occur in plum trees due

Fisr. 4.

to the influence of the stocks in which they are grafted. These

influences appear to extend to all characters of leaf, twig, habit

of growth, etc. Unfortunately, the present writer has not been

able to make equally careful observations of the fruit; but in



182 EXPERIMENT STATION. [Jan.

general terms it may be said that the fruit is modified also.

The Marianna stock in particular seems to produce the most

obvious changes in the growth of plums worked on it. In the

experiments here under observation these changes are as fol-

lows :
—

1. Broader leaves.

2. Finer marginal serrations.

3. Greater annual growth.

4. Larger internodes.

5. Greater diameter of branches.

6. Greater variability in all characters.
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CATTLE POISONING FROM ARSENATE
OF LEAD.

JAS. B. PAIGE, D.V.S.*

Ever since farmers began using arsenic componnds for the

destruction of insect pests there has been considerable discussion

as to the possibilities and probabilities of farm animals becom-

ing poisoned from eating the poisoned foliage of the sprayed

plants or the grass grown under trees that have been treated

with arsenical preparations. This discussion began with the

use of Paris green and London purple, used for the destruction

of potato bugs and codling moths, and has more recently in-

cluded the use of the many insecticides the most of which con-

tain some form of arsenic. As early as 1889 Prof, A. J. Cook

of the Michigan Agricultural Experiment Station, giving the

results of extensive experiments to test the efficiency of Paris

green, London purple and white arsenic as insecticides, in a

paper read at the meeting of the Society for the Promotion of

Agricultural Science at Toronto, says :
" Thus we have demon-

strated that the arsenites are eifective against the codling moth,

that in their use there is no danger of poisoning the fruit, and

when used properly no danger to the foliage nor to stock that

may be pastured in the orchard."

With the advent of arsenate of lead as an insecticidej in 1893,

the question arose as to the dangers to stock pastured in fields

where this insecticide had been used, or of the dangers of using

the hay from such fields.

Tn "Agriculture of Massachusetts" for 1897 Mr. A. H.
Kirkland, a scientist in the employ of the Gypsy Moth Commis-
sion of the State Board of Agriculture, reported a single ex-

periment with a horse, to determine if there was danger to ani-

• Albert L. Whiting, of the class of 1908, had charge of the animals and attended to the
feeding of the arsenate of lead while the experiment was in progress.



184 EXPERIMENT STATION. [Jan.

mals that ate the grass taken from under trees that had been

sprayed with a strong mixture of arsenate of lead. The experi-

ment consisted in taking sufficient grass for two large feeds for

a horse and spreading' it under a pear tree that was later sprayed

with a liberal quantity of arsenate of lead, in the proportion of

20 pounds to 150 gallons of water. Not satisfied that the

amount of the mixture dripping from the tree on the grass was

sufficient to make the test conclusive, the grass was thoroughly

drenched with the mixture direct from the nozzle of the spray-

ing machine. The treated grass was fed to a 1,200 or 1,300

pound horse during the afternoon and evening of the same day

that it was sprayed. Two days later the animal was found to

be well and hearty, and reported by the teamsters to be in better

condition than before the grass had been eaten. The burning

effect of the spray upon the foliage of the pear tree proved that

there was considerable soluble arsenic present, which would

render the arsenate of lead much more poisonous to animals than

a properly prepared arsenate of lead that contained but little

soluble arsenic.

During the past two or three years, since the revival of the

gypsy moth work in the eastern part of the State, numerous

letters received at the experiment station, as well as newspaper

articles and reports from veterinarians, have suggested that

farm animals were being poisoned from the ingestion of grass

and foliage of shrubs sprayed with arsenate of lead, used in the

destruction of the gypsy moth.

To determine whether or not this was the case the experiment

station began a series of experiments in 1007 to ascertain what

effect arsenate of load would have upon cattle when given in

small doses for a long time or when given in large single doses.

The cattle used in the experiment were animals that had been

condemned as tuberculous by the inspectors of the Cattle Bureau

of the State Board of Agriculture. These were placed at the

disposal of the experiment statioii by the courtesy of Dr. Austin

Peters, Chief of the Cattle Bureau, and Avere in every instance

subjected to a careful post-mortem examination, to note the

effects of the arsenate of load and to determine whether or not

tuberculosis was present.

The arsenate of lead used in the experiment was manufac-
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tured hj the Bowker Insecticide Company of Boston, and sold

under the trade name of Disparene. Its composition, according

to John P. Street of the Connecticut Experiment Station, Bulle-

tin No. 157, September, 1907, is as follows: —
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,

Record of No. 1 {Bed Grade).

November 16, weight 600 pounds ; November 23, weight 597 pounds.

Date.
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membrane of fourth stomach thickened, infiltrated and reddened. Por-

tions of liver, kidney and spleen submitted to chemical examination

were found to contain an abundance of lead and traces of arsenic.

Becord of No. 3 {Collins Shorthorn).

December 14, weight 1,015 pounds. Dry, and not in calf.
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Animal killed June 8, 1908; autopsy at time of slaughter. Body
fairly well nourished, weight 900 pounds (estimated). No external

lesions except on prominent parts that came in contact Avith the cement

floor. About one pail full of watery material, brown in color, escaped

from mouth after death. An abundance of fat found on removal of

skin; muscle tissue red in color and well developed. On opening

abdominal cavity no alterations found. Urino-genital organs normal in

size and texture. Bladder contained about one pint of straw-colored

urine. Kidneys firm, and gross portions represented nothing abnormal.

Ureters pervious. First, second, third and fourth stomachs all con-

tained food material in abundance, consisting of well-masticated hay

and grain. First and fourth stomachs contained an abundance of

watery fluid; second stomach contained 15 to 20 shingle nails, some-

what eroded ; contents of third stomach not as dry and hard as usually

found, still sufficiently firm to retain shape when removed from organ.

Mucous membranes firm and adherent in all parts; that of the fourth

stomach slightly reddened. Intestines, both large and small, smooth and

glistening on outer portion ; walls not thickened but somewhat red-

dened. Mucous membrane firm and dark in color. Contents thin and

semifluid. Liver dark red, firm and well filled "with blood. Vessels

open. Gall bladder large and distended with one quart of dark green,

ropy bile. Bile duct pervious. Spleen firm and free from any gross

lesions. Lymi^hatics and blood vessels of the abdominal cavity showed

no abnormalities. Thoracic cavity, heart and lungs free, and pleural

surfaces smooth and glistening. Lungs light and puffy and of a dark

pink color. On manipulation six or eight hard areas, size of English

walnut, found in lung substance. On section these hard areas were

found to contain yellow caseous material, surrounded with thick Avail of

fibrous tissue. Lungs on section found filled with air. Air tracts con-

tained some frothy material. Pericardium smooth and normal in

thickness; on section found to contain one ounce of serous fluid. Heart

muscle firm and uniformly red in color. Little blood present in any of

the cavities. Bronchial and mediastinal lymph glands size of English

walnuts, hard and firm, and on section dotted throughout with yellow

areas and distinctly calcareous. Trachea and oesophagus normal.

Mouth contained about one pound of coarse, partially masticated hay,

apparently returned fi-om stomach at or shortly prior to time of death.

Tongue, teeth and throat oi-gans free from lesions.

Diagnosis: tuberculosis and slight gastro-enteritis.
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Temperature Chart of No. 3 {Collins Shorthorn).

One week, February 24 to March 1.

Date. Temperature (Degrees F.) and Time of Day. Pulse.

Feb. 24,

Feb. 25,

Feb. 26,

Feb. 27,

Feb. 28,

Feb. 29,

3Iiir. 1, .

1»08. 7 A.M.

100.3

102.3

103.2

101.0

11.30 A.M
100

4 P.M.
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Record of No. If. {Black Jersey)— Concluded.
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Record of Tuberculin Test of No. 4 {Black Jersey), May 3 and 4.
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enclosed in fibrous walls three-eighths of an inch in thickness was one

ounce of thick, yellow, creamy pus. Two post-pharyngeal lymphatic

glands enlarged to size of small orange, hard and tense, and on section

found to contain infiltration of yellow caseous material, slightly cal-

careous.

On opening the abdominal cavity but a small amount of fluid found

(one or two ounces). No foreign material or displacements observed.

Serous surface of second stomach reddened and slightly coated with

fibrinous exudate. On opening first stomach an abundance of moist,

yellowish-green food material, consisting of Avell-masticated hay and

grain, was found. Mucous membrane adherent and light in color. On
section of second stomach it was found to contain little or no food

material; the mucous membrane was moist, thickened and gelatinous,

due to an infiltration with bloody, fibrinous exudate. The third stomach

was full of ingesta, well distributed between the leaves and of normal

consistence. Mucous membrane throughout slightly thickened and red

in color. The fourth stomach somewhat distended, the serous covering

showing superficial blood vessels filled with dark blood. On section,

contents fluid and blood stained. The small intestines externally were

reddened and slightly ecchymotic. Mucous membrane injected with

dark blood, thickened and gelatinous. Intestinal contents fluid, having

the color of a mixture of chocolate and milk. The serous and mucous

surfaces of the lai'ge intestines were free from any lesions, the contents

moist and dark in color. Only a moderate amount of ingesta present.

The liver, apparently normal in size, presented a smooth, glistening

surface with well-rounded borders. The consistence was normal. The

incised surfaces were moderately dark in color, with ducts free and

open. The gall bladder contained about two ounces of liquid bile, green

in color. Gall duct per-\aous. Spleen surface smooth and glistening,

fimi to the touch. On sectioning cut sui'faces reddish brown in color,

with stroma and pulp apparently nonnal.

The kidneys were firm in consistence, with tlie capsule free and

detachable. The internal portion appeared normal, the medullary and

cortical parts distinct and unchanged. Ureters pervious. Bladder

empty and contracted. Membrane pale.

The thoracic cavity contained a few ounces of serous fluid. Lungs

not adherent to chest wall. Lung surfaces smooth and moist, free

from fibrous exudate. On palpation several small hard areas were dis-

covered scattered throughout the lung substance. On section the tissiie

was found red in color, and contained considerable quantities of dark

blood. The bronchi and bronchial tubes contained small amounts of

frothy material. The hardened portions found on palpation were

found to consist of masses of caseous material enclosed in fibrous walls.

On cutting these tumor-like masses there was evidence of calcareous

infiltration. The bronchial and mediastinal lymphatic glands were
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enlarged and streaked with yellow caseous matter, and somewhat cal-

careous.

The pericardium externally was free from evidences of inflammation

and contained one-half an ounce of serous fluid. Heart muscle firm

and red in color. The cavities of the left side contained small clots of

dai'k blood, those of the right side were empty. Valves smooth and

white. The trachea, larynx, pharynx, tongue, oral and nasal cavities

were free from lesions.

Diagnosis : tuberculosis and acute gastro-euteritis.

Chemical Ai^alyses.^

As indicated in the tabulated records, several samples of

material from different sources were collected for chemical

examination, to determine the presence or absence of either of

the essential constituents of arsenate of lead.

From cow No. 1 both urine and milk were analyzed after the

animal had received, in small daily doses, 15 grams of the

arsenate. Neither arsenic nor lead was present. It should be

noted in connection with this analysis that only a few ounces

of urine and milk were sent for examination. At the su2:a;estion

of the chemist, in the collection of all later samples larger

amounts of material were taken.

From cow No. 2 were furnished samples of tissue, consisting

of portions of the liver, kidneys and spleen. The parts from

the different organs were analyzed as a composite specimen,

which was found to contain abundance of lead and traces of

arsenic.

From cows Nos. 3 and 4 samples of milk and urine were taken

on April 22, 24 and 25. No. 3 had been receiving small doses

of the arsenate since December 11, and had taken a total of 184

grams. No. 4 supplied both milk and urine for analysis. She

had received one dose of 28.35 grams on January 18, and sev-

eral smaller doses subsequently aggregating in all 90.35 grams.

Under date of May 29, 1908, the chemist reported on the three

specimens as follows :
—

The sample of milk forwarded by you on the date of April 23, for

a lead and arsenic test, has been analyzed. Neither of these poisons

was found present in sufficient quantities to detect it by ordinary

1 These analyses were made at the experiment station laboratories by H. D. Haskins, in

charge of the Fertilizer Division.
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chemical methods. The two samples of urine also submitted for lead

and arsenic tests have been analyzed. Both of these samples showed a

reaction for lead and arsenic, but not to the extent that I had antici-

pated; only small quantities of either of these poisons were found

present. I did not attempt a quantitative determination in either case,

but should judge that the sample from the red cow (No. 3) showed the

larger amounts of both arsenic and lead.^&^

The fact that a young calf, to which large quantities of the

milk of cow No. 4 were fed, showed no symptoms of illness, is

further evidence that arsenic and lead were not present in the

milk.

Brief Summary of Symptoms.

Chronic Poisoning.— Loss of appetite, refusal of water,

purgation, with feces liquid and nearly black in color, contain-

ing an abundance of mucus and blood, the latter either disinte-

grated or in clots, suppression of urine, progressive paraplegia,

emaciation, with hair harsh and rough. There appears to be

but little disturbance of the temperature functions, the maxi-

mum reading obtained being only 103.2° E. The pulse becomes

somewhat accelerated and of a thready character, but is not

sufficiently altered to constitute an important symptom. There

is dullness of the eye and general indications of depression

when the symptoms enumerated above are most in evidence, but

with the elimination of the poison from the system there is a

gradual return of the normal body functions, as indicated by a

cessation of purgation and a return of the appetite.

Acute Poisoning. — Attack sudden, characterized by shiver-

ing, refusal of food and water, back arched, skin dry and harsh,

hair erect, abdominal pain, slight elevation of temperature,

pulse thready and increased to 55 or 60 beats per minute, respi-

rations accelerated and difficult. Following these symptoms in

quick succession is purgation, with feces abundant, watery, dark

in color and bloody. The urine is scanty and passed only at

long intervals. Paresis develops early, with the other symp-

toms, and is progressive, affecting the posterior portions of the

body most. At this stage of development of the symptoms the

head is moved about nervously, the eyeballs are retracted and

glassy, there is more or less champing of the jaws, and at irregu-

lar intervals the animal suffers from convulsions, from which it
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falls and struggles violently. In fatal cases purgation continues,

the 23ain becomes intense, the exj)ression of the face more anx-

ious, pulse faster and weaker, paralysis more marked and the

convulsions more frequent and severe. Partial coma precedes

death. In this stage the symptoms are less urgent, and there

may be involuntary passage of urine and regurgitation of mate-

rial from the stomach.

A comparison of the symptoms of acute and chronic poisoning

with arsenate of lead with those of arsenic and lead, as given

for cattle in N'unn's " Veterinary Toxicology," indicates that

when the arsenate of lead is given the symptoms are a combina-

tion of those enumerated under both arsenic and lead poisoning.

The lesions found uj)on post-mortem examination are perhaps

to be attributed more to the action of the arsenic than the lead,

particularly so in chronic cases, in which no indications of the

fatty degenerations of chronic lead poisoning were observed.

Diagnosis. — The symptoms of arsenate of lead j^oisoning

are not sufficiently unlike those of poisoning with other similar

compounds, such as the salts of copper, antimony, zinc, etc., to

render a diagnosis probable without a previous history of the

animals having had access to the arsenate of lead in some form.

With this previous history to assist and suggest the clew, in

conjunction with the synij^toms, a correct diagnosis should 'be

made without difficulty.

The post-mortem findings are not sufficiently characteristic

to insure a positive diagnosis without recourse to a chemical

examination to prove the presence of the arsenic and lead.

Prognosis. — A careful study of the details of the experi-

ments with the five cows, already given, shows that one should

be exceedingly careful in giving a prognosis. Even in those

cases in which the drug was administered in large quantities,

and the symptoms became very urgent and pronounced, there

was a recession of them, and a return to a condition of health

after a period of convalescence of variable duration. In the

cases in which there was an administration of small quantities

of the compound for a long period of time, and a full develop-

ment of symptoms of a serious character, there was not a fatal

termination. If on account of a partial nonsusceptibility, or a

rapid elimination of the lead and arsenic from the system, death
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does not follow shortly after the full development of the symp-

toms of purgation, paresis, abdominal j^ain, etc., a favorable

prognosis may be given.

Treatment. — In these experiments no attempts were made

to discover new means of treatment, or to try those already used,

to overcome the poisonous effects of either lead or arsenic. The

appearance of the symptoms of both lead and arsenic poisoning

would indicate the use of a combination of the antidotes ordi-

narily employed in the treatment of arsenic and lead poisoning

cases, together with such means as would tend toward pre-

vention. Eor the latter, the discovery and removal of the source

of the compound is all that is necessary. In the treatment of

animals in which the symptoms are urgent, indicating acute

poisoning, administration of those things that afford mechanical

protection to the mucous membranes is indicated, such as mix-

tures composed of wheat flour, linseed meal, slippery elm, milk,

eggs, etc. To render the unabsorbed lead or arsenic contained

in the stomach insoluble or inert, sulfate of magnesia, sodium

sulphide or flowers of sulphur may be given to act upon the lead,

and peroxide of iron, dialized iron or hydrated magnesia to act

upon the arsenic. Little can be done to counteract the action of

the lead or arsenic that has already become absorbed into the

blood. The poisonous effects of that absorbed are to be counter-

acted by general treatment having a tendency to prevent heart

failure, etc. The hypodermic administration of atropine and

nitroglycerine may be employed. To hasten the elimination of

the poisons from the system, saline purgatives in small doses

and mild diuretics should be used. In those cases of chronic

poisoning, where lead has accumulated in the tissues, the admin-

istration of iodide of potassium in small, frequently repeated

doses favors the elimination of it with the bile and urine. The

paroxysms of colic should be relieved by hypodermic adminis-

tration of morphia or the oral administration of chloral.

Liahility of Poisoning.— Having demonstrated the possi-

bilities of producing poisoning in cattle by giving arsenate of

lead, the question naturally arises as to the probabilities of its

happening in localities where this substance is used in liberal

quantities as an insecticide. Manufacturers of arsenate of lead

and entomologists recommend using about 3 pounds to 100 gal-
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Ions of water for sj^raying. Mr. A. H. Kirkland has told me

that frequently, for the destruction of gypsy moths, mixtures

of 20 to 25 pounds of arsenate of lead to 100 gallons of water

are used, and that it is applied either as a spray or a stream

from the machines, depending largely upon the height of the

trees that are being sprayed. Where the moths are numerous,

and are found upon the foliage of shrubs in wood lands, these

as well as the trees are sprayed. The amount of drip from

sprayed trees depends very largely upon how the arsenate mix-

ture is applied. If applied in the form of a spray, with care,

less escapes from the foliage to the ground or grass beneath

the sprayed trees than when applied in a stream. During the

past summer the writer visited several sections in the gypsy moth

district, and observed that the foliage of shrubs under trees

that had been sprayed some weeks before still had a sufficient

amount of arsenate of lead adhering to be easily seen by the

naked eye, and was informed by one engaged in the moth work

that it adhered to the foliage so tenaciously that sufficient re-

mained after several heavy rains to kill the caterpillars.

It is at once apparent that the amount of the poison used in

spraying that will accumulate upon the grass under sprayed

trees will vary very greatly according to the method of applica-

tion, the velocity of the wind and other circumstances, and could

hardly be expected to be the same in two cases of treatment.

As stated in Bulletin No. 131 of the Colorado Experiment

Station, " Arsenical Poisoning of Fruit Trees," by Dr. Wm. P.

Headden, all of the arsenate applied to the foliage must even-

tually reach the ground, either by being washed by rains from

the leaves or carried with them when they fall from the tree.

Three sprayings in a season, using 10 gallons of a mixture of 6

pounds of the arsenate to 100 gallons of water for a tree, mean

that eventually there will find its way to the soil 1.8 pounds of

pasty lead arsenate, equivalent to .9 of a pound of dry arsenate.

A mixture of 10 pounds of arsenate of lead to 100 gallons of

water contains 45.3 grams of the arsenate to the gallon. In the

case of cow No. 1, 29 grams, administered at the rate of a gram
per day, produced violent symptoms of poisoning. With animal

No. 2, 16.5 grams, given in daily doses of one-half gram per day,

caused violent purging, loss of appetite and paresis. No. 3 took
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151 grams in 2, 3 and 4 gram doses daily before equally marked

symptoms of poisoning aj)i3eared. With Xo. 4, 28.35 grams

given at one dose in capsule at 9.45 a.m. j^roduced toxic effects

in less than twenty-four hours, from which the animal did not

recover completely for six or seven days. In the case of Xo. 5,

56.70 grams caused death in sixty-nine and one-half hours. A
study of the records of the five animals shows that frequently

Tej)eated small doses of the arsenate have the same effect in the

end as do large non-fatal doses given at one time. In feeding the

lead arsenate j^aste it was found necessary to adoj^t every con-

ceivable means to induce the cows to take it after a few doses

had been given. At first when mixed with the hav or e;rain it

was readily eaten, but after a short time the animals would care-

fully separate every j^article of the paste from the hay or grain

and leave it uneaten. It was for this reason that it was found

necessary to conceal it in capsules enclosed in pieces of roots

to insure its being eaten. "When the hay that had been drenched

with 1 and 2 ounces of lead arsenate in water was allowed to

"become thoroughly dried, it was readilv eaten bv the cows that

Lad previously refused the fresh paste, even when thoroughly

mixed with hay and grain, or enclosed without capsule inside

of pieces of roots and apples. The fresh arsenate had an odor

of acetic acid that was not noticeable in that contained in the

dried hay.

To determine approximately how much hay would become

covered with the drip in the spraying of a medium-sized tree

the grass was cut on an area 35 feet in diameter under a tree

near the veterinary hospital, thoroughly hayed and weighed.

It was a moderately heavy growth of herds grass and weighed

when dried 50 pounds. Allowing for a drip of 1 gallon in 10

of a mixture of 10 pounds of the arsenate to 100 gallons of

water, each 10 pounds of the total of 50 would carry 9.06 grams

of the arsenate j)aste, or practically one-half of that amount of

the dried arsenate.

It would hardly be expected, taking into consideration the

results obtained by feeding carefully weighed amounts of the

arsenate, that a 10-pound feed of such hay would produce serious

effects, but the continuous feeding of it for several days in suc-

cession would certainly do so, and judging from the experience
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had in the feeding of treated hay animals would eat sufficient to

cause fatal poisoning.

Susceptibility. — In so far as it was possible to ascertain

there did not appear to be among the animals used in the experi-

ment an individual susceptibility to the action of the poison.

In some of the cows more was required to produce toxic effects

than in others, but this seems to be accounted for more on the

ground of weight and vigor than on that of individual suscep-

tibility.

It is of interest to note in this connection the effect of arsenic

or lead on the different species of farm animals. Nunn, quot-

ing Kaufmann, gives the toxic dose of arsenic for each of the

domestic animals, when administered by the mouth, as fol-

lows :
—
Horse,

Ox,

Sheep,

Dog,

Pig,

Fowl,

Pigeon,

10 to
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THE PERIODICAL CICADA IN
MASSACHUSETTS.

BY C. W. HOOKER.

The old order of cicada includes some five hundred members,

and of these North America has her full share, more than one

hundred being represented. Four species are commonly found

in Massachusetts: Cicada septendecim L., the periodical cicada,

or seventeen-jear locust; Cicada canicularis Harr., the dogday

harvest fly; Cicada sayi and Cicada linnei. Recent investiga-

tion by Smith and Grossbeck has shown that what have been

called Cicada pruinosa Say and Cicada iihicen L. are really

two altogether different species, which they have named Cicada

sayi and Cicada linnei. Two others, Cicada rimosa Say and

Cicada (Tettigia) hieroglyphica Say, also occur in Massachu-

setts, but are not common. Cicada septendecim L. comes every

seventeen years about the first of June, while the rest are seen

every year, Cicada canicularis coming with the beginning of

dogdays, Cicada linnei a little later and Cicada sayi in August.

The periodical cicada— Cicada septendecim L. — is pecul-

iarly colored and may be easily recognized. The eyes, legs and

larger veins of the wings are of a peculiar reddish-yellow or

orange color, the abdomen is marked with bands of the same

color, and the rest of the body is jet black. The other cicadas

of Massachusetts have in common a general greenish-brown color

above and whitish below, but can be readily distinguished by

the descriptions of Smith and Grossbeck in " Entomological

News" (April, 1907, pp. 116-129).

The periodical cicada is known to occur quite generally

through all that part of the United States east of the Rocky

Mountains. None have been taken in Maine or New Hamp-

shire, and only two occurrences are recorded in Vermont. There

is a specimen, however, in the collection of the Massachusetts
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Agricultural College which is labelled Orono (Me.), in the

handwriting of Prof. C. H. Fernald; but Professor Fernald

has no recollection of it, and is of the opinion that it probably

came from some other place, for this would be the only known

case of its occurrence in that State. The rest of New England

has parts of several well-defined broods which are more or less

important. There are now, in all, according to the latest enu-

meration— Marlatt— thirty broods,— seventeen seventeen-

year broods, with a general northern distribution, and thirteen

thirteen-vear broods, which occur in the southern States.

Massachusetts has the honor, or misfortune, of possessing the

earliest known record— 1633— of the occurrence of the period-

ical cicada. Yet even then the Indians were well acquainted

with this periodical visitor, using it as food, and it has probably

been used in like manner for centuries. Massachusetts is

credited with four broods, and a fifth, just beyond the south-

western boundary, from which members have probably entered

the State, though none have been actually reported. These can

be easily located from the following table :
—

Marlatt
Numbers.
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soon after the arrival of settlers, arousing considerable fear and

apprehension.

The following acconnt is given in Nathaniel Moreton's " New
England's Menioriall," and the facts as given are corroborated

by Governor Bradford, Eev. Wm. Hubbard and Mr. Prince, in

Prince's " Annual." Speaking of a sickness which broke out

in and near Plymouth in Massachusetts in 1633, he says: "It

is to be observed that the Spring before this Sickness, there was

a numerous company of Flies, which were like for bigness unto

Wasps or Bumble-bees, They come out of little holes in the

ground and did eat up all the green things, and made such a

constant yelling noise as made all the woods ring of them, and

ready to deaf the hearers; they were not any of them heard or

seen by the English in the Country beforfe this time. But the

Indians told them that sickness would follow and so it did, very

hot in the months of June, July and August of that Summer,"

viz., 1633. He says: "Toward Winter the sickness ceased,"

and that it was " a kind of a pestilent Fever."

How widely this brood was distributed at this time cannot

be stated, but careful study of more recent appearances shows

that this, like most other broods, is slowly but surely decreasing

in size. At present it is the.largest in Massachusetts, and seems

to have held its ground most successfully; this may be due to

the more favorable natural conditions of the country it occupies.

The brood is, generally speaking, shut into the western part of

Barnstable County,— on the west by the neck at Buzzards Bay

and Sandwich, and on the east by the neck at Barnstable harbor

and Yarmouth. Most of the brood is enclosed within these two

bounds, but with a little overflow on each side. On the west

this overflow extends as far as Manomet Point and Cook's Pond.

In 180-1 the brood appeared in great numbers lyo miles west of

Plymouth, but no further record of this part of the brood can

be found, and it probably soon died out. On the eastern side

the overflow extends at least into Dennis,

The brood made its last appearance in 1906. In order to

ascertain the exact distribution and abundance of this brood.

Dr. H. T. Fernald, through the co-operation of the State Board

of Agriculture, sent circulars to each town where the cicada

might be expected to appear, and from the information received
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in this way, and from other sources, the following statement has

been prepared :
—

Places.
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northwest in Ohio, embracing the southwestern corner of the State and

the northwestern portion of Kentucky, and then upward through south-

western Indiana, ending in central Illinois.

1849. (Riley, XX.) Brood VIII.

Dukes. 1017.

' Occurrence.

Martha's Vineyard : 15 square miles of Central Plains, 1833 to 1900.

This is one of the smallest broods and covers a quite compact

territory, the greater part of which lies in central and western

Pennsylvania and eastern Ohio, with a few localities in north-

ern West Virginia and southwestern New York. Two widely

separated swarms listed from Illinois and South Carolina are

extremely doubtful, and both are j)i'obably based on confusion

of some of the annual species with the periodical cicadas. The

'

Massachusetts part of this brood, occurring in Dukes, is also

widely separated, but is fully established and has been well

recorded since the time of Harris. Dr. Harris records their

first appearance in Martha's Vineyard in 1833, while Smith's

" Register " gives the next in 1819, and Geo. H. Luce of West

Tisbury, Mass., states that they were there in 1849-66-83 and

1900. In the "American Naturalist," October, 1883, G. E.

Bessey writes :
—

While driving across " the plains " of the central part of Martha's

Vineyard, in the last few days of June of this year, I observed large

numbers of the periodical cicadas. The serub-oaks, which here cover the

whole ground, were literally alive with them. The insects were confined

to a narrow belt, not exceeding half or three-quarters of a mile in width

and of unknown length.^&'

At its last appearance, in 1900, it seemed desirable to ascer-

tain the accuracy of previous observations and learn whether

this isolated colony was holding its own. Through the kindness

of Mr. Luce it was learned that " the brood was a well-known

one and as much in evidence as ever. They were quite numer-

ous, but seemed to confine themselves to a district known as the

plains district, — a tract of land covered with scrub-oak and very

lightly wooded. They could be heard more than a mile, making
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a peculiar sound. As near as I could ascertain they covered

about 15 square miles of territory. . . . By good evidence they

were here in 1849. One old man said within his lifetime he

had seen them five times."

The first recorded occurrence of this brood in 1833, by Dr.

Harris, was evidently a case of retardation in development, due

probably to unfavorable weather, for they should have appeared

one year earlier, in 1832. It seems strange that this swarm in

Dukes should be part of a brood whose nearest occurrence is in

central Pennsylvania, while brood XI Y., in Barnstable and

Plymouth counties, is only about 41/0 miles away, across Vine-

yard Sound. At their (brood XIV.) last occurrence, in 1906,

the cicadas were very numerous at Falmouth, which is just

across from Martha's Vinevard, and with a favorable wind it

would seem as though the passage might easily be made. On
inquiry, however, it was found that no cicadas appeared on the

island in 1906.

1852. (Riley, I.) BnooD XL

Bristol, Franklin, Hampshire. 1920.

Occurrence.

Massachusetts: Hadley, 1818; Westfiekl, 1835; Deerfield, Freetown

(near Fall River), 1767, 1784, 1801, 1818, 1835, 1852, 1869.

Connecticut: Glastonbury, 1818, 1835, 1852; Suffield, 1818, 1869,

1886.

Rhode Island: Coventry, East Greenwich, Washington, 1869, 1886,

1903.

This is a small brood, formerly limited, for the most part, to

the valley of the Connecticut River in Massachusetts and Con-

necticut, with one colony in the vicinity of Fall River and an-

other near Coventry, R. L, separated from the main swarm.

The "Boston Magazine " records the appearance of this brood

in Bristol County in 1784, while Dr. Fitch reports it as having

occurred in Iladley in 1818 and at Westfield in 1835. It was

reported from Deerfield and Bristol County by Dr. Smith from

1767 to 1853, and the genuineness of the brood was fully estab-

lished in 1867. It is evident that the brood had once a wide

distribution, for in the " American Journal of Arts and

Sciences " for 1862, Vol. 33, we read: " That part of our State
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— Connecticut— which lies east of the Connecticut River has

a different period from the western side. On the 22d of June,

1835, while traveling through Tolland County, Conn., in a

stage coach, I passed through woods swarming with this Cicada

septendecim/' Also in Alonzo B. Chapin's " History of Glas-

tonbury " we read of their occurrence in Glastonbury in 1818,

1835 and 1852. This is the most southern j^oint in the Con-

necticut valley at which this brood has been reported. With the

exception of the swarm at Suffield, Conn., no record can be found

of the appearance of this brood in the Connecticut valley since

1852, and none in the Massachusetts part since 1835. Mr. Geo.

Dimmock, who has made a special study of the swarm at Suf-

field, says that " These cicadas, of which there are records going

back about a century, seem to be dying out. In 1869 they were

so abundant that small bushes and underbrush of the rather

sparse woods in which they occur were weighted down by them."

In 1886 and 1903 he was unable to visit that region, but " was

informed that very few of the insects appeared in 1886, and

none in 1903."

The Bristol County swarm was observed at Freetown, near

Fall River, in 1818, 1835, 1852 and 1869. " In 1818 they were

very numerous, in 1852 still less, and in 1869 were quite scat-

tering as compared with 1818." Since which time there is no

record of their appearance.

In Rhode Island there seem to have been three visitations of

this brood; in 1869, 1868 and certainly in 1903, when they

were very abundant. It appeared near Coventry, East Green-

wich and Washington, in isolated places, but not continuously

over an extensive area. As far as we know this brood was most

widely distributed in 1818, when it extended from Iladley,

Mass., to Glastonbury, Conn., with a widely separated swarm

at Fall River. Since then there has been a steady decrease of

numbers, due probably to the cutting off of wooded lowlands

and the extension of cultivated land. In 1869 they appeared

only at Fall River, Mass., SufReld, Conn., and near Coventry,

East Greenwich and Washington, R. I.

In 1903 the only occurrence of this brood was near Coventry,

R. I., none being found in Massachusetts or Connecticut,
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though close watch was kept. From this it wonhl seem that the

brood had died out in Massachusetts, but careful watch should

be kept at the next occurrence, in 1920.

1851. (Riley, XXII.) Brood X.

Bristol. 1919.

Occurrence.

Rutland, Vt., 1851, 1868; Bristol County, Mass., 1834.

This is the largest brood of the seventeen-year broods, and

equals, if not exceeds, in extent the largest thirteen-year brood,

— brood IX. Its representation in Massachusetts, however, is,

if authentic and still active,— which is very doubtful, — small

and of no importance. The brood has been well recorded in the

east from 1715 to 1902, the date of its last appearance. It

occurs from Alabama and Wisconsin to jMassachusetts, in greater

or less numbers, and in 1851 and 1868 aj^peared at Rutland,

Vt. According to Dr. Fitch, " What appears to be a detached

branch of this brood occurs in the southeastern part of Massa-

chusetts." It is probable, however, that there was some mistake

about this occurrence.

1843. (Riley, XII.) Brood II.

New York and Connecticut near Massachusetts State Line. 1911.

Occurrence.

New York: Copake, 1877; Hillsdale (millions), 1894.

Connecticut: New Haven, 1724, 1894; Southington, 1894; New
Britain, 1894; Farmington, 1894; Winsted, 1894.

This is one of the best-recorded broods, being distributed

from New York and Connecticut to North Carolina, with iso-

lated swarms in Indiana and Michigan. While no colony of

this brood has been reported in Massachusetts, they come so

close to the State line on the southwest that stragglers, at least,

must have crossed into Massachusetts. At Copake, and espe-

cially at Hillsdale, N. Y,, in 1894, there were vigorous colonies

within 11/4 miles of onr State line, while in Connecticut, at

Winsted, they came within 7 miles. Careful inquiry from the
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Massaelinsctts towns along the southwestern boundary failed to

bring out any appearance in this State. This was probably

because only scattered members crossed into Massachusetts, and

these, if recognized as cicadas, were probably confused with the

annual species. That part of the State is also quite moun-

tainous, and the cicadas would tend to go around rather than

over the mountains, for as a rule they prefer the lowlands. In

New York they are scattered down both banks of the Hudson

below Troy, and in Connecticut, cast as far as the Connecticut

Eiver. Professor Potter records their first occurrence in New
Haven, (^nn., in 1724, and since then they have occurred regu-

larly every seventeen years. According to Lintner :
—

At its last appearance, in lcS94, it was disti'ibnted throughout the

Hudson valley below Troy, and especially at Hillsdale, near our State

line, where millions Avere foiind. In Connecticut it was reported from

the vicinity of New Haven, at Easthaven, near Lake Saltonstall, at

Southins^ton, New Britain, Farming-ton and Winsted, thus extending its

range north nearly across the State of Massachusetts line. It doubt-

less occurred north of this locality, but no account of its appearance

was received.
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DETAILED REPORT OF THE EXPERIMENT STATION.





INTRODUCTION.

In accordance with the provisions of the amended act rela-

tive to the pnblication of the reports of the Massachusetts Agri-

cultural College, passed by the Legislature of 1909, the report

of the experiment station, which is a department of the college,

is presented in two parts. Part I. will contain the formal re-

ports of the director, treasurer and heads of the departments,

and papers of a technical character giving the results of investi-

gations carried on in the station. This will be sent to agricul-

tural colleges and experiment stations and to workers in these

institutions, as well as to libraries. Part I. will be published

also in connection with the report of the Secretary of the State

Board of Agriculture, and will reach the general public through

that channel. Part II. will contain papers of a popular char-

acter, and will be sent to persons on our general mailing list.

WM. P. BPvOOKS,

Director.
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REPORT OF THE DIRECTOR.

The work of the station during the past year has followed

the usual lines. There has been some increase in the amount

of research work. This has been made j)ossible by the increase

in the amount received from the Adams fund for the current

year. Especial attention is called to the fact that innnediate

results cannot in most cases be expected from such fundamental

scientific investigations as are allowed under the Adams fund.

A number of important problems arc receiving most careful

investigation and study. Among them, the more important

are the following :
—

Studies in milk secretion.

Molasses and digestion depression.

Why arsenicals burn foliage.

Plant breeding, and subsidiary thereto, variation in garden peas and

ai^ples.

Determination of physiological constants.

Investigation to determine the economic importance of digger wasps

in relation to agriculture.

Studies of pyrallidse and tortricidae.

Experiments to determine the plant food requirements of asparagus.

Cranberry investigations to determine plant food requirements.

Relations of climate to plants in health and disease.

Cranberry insect work.

In some of the investigations, results, from which practical

lessons which seem to be of importance even now, have been

obtained; but no one of them has yet been carried to comple-

tion, and most of them are of such a nature that long and

patient research will undoubtedly be essential before the funda-

mental laws which determine the results can be determined.
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Particular attention is called to the fact that the passage

of the Adams act has not in the slightest degree increased the

amount of station funds available for more popular and directly

practical station work. Indeed, in one direction the passage of

the Adams act has imposed an additional tax upon other station

funds, for the act provides that the expense of publication of the

results of Adams fund research work cannot be paid from that

fund. Such expense must be borne by other station funds.

There has been no change in the amount of such funds available

to this station, with the exception of an addition of $500 made

about seven years ago, during the past twenty-one years. Mean-

while, there have been constantly increasing demands upon the

station for work of various kinds, while there has inevitably been

a tendency to broaden the scope of such experiments as are al-

ready carried on under these funds. The fertilizer control work,

moreover, now encroaches upon ordinary station funds. The

costs of the collection of samples, analytical work and the publi-

cation of the bulletin now considerably exceed the amount of

license fees received. This topic will be more fully discussed

later in the report, but is mentioned here simply to emphasize

the fact that available station resources are not sufficient to

cover the costs of such additions to our work as are called for.

Poultry men, tobacco growers and cranberry growers, particu-

larly, are urging the experiment station to undertake experi-

ments for the promotion of these industries. Every possible

economy has been used in the expenditure of station funds. A
small amount has been made available for co-operative exjieri-

ments with tobacco, and some work with cranberries will be un-

dertaken during the coming year. The possibilities, however, of

carrying on such work as the men engaged in these industries

would like to see undertaken are comparatively small. The de-

mands upon the station during the past twenty-one years have

greatly increased, and they have never increased at a more rapid

rate than within the past year. It would seem to be quite time,

therefore, to ask for increased funds to provide for the growth

in station work which the times demand.
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Changes in Staff.

There has heen no change in the heads of depai'tments in the

station staff during the past year. This fact has been favorable

to station efficiency, ahhongh in this connection it may not be out

of place to point out the fact that the rapid growth of the college

has imposed much additional work upon the educational side

upon most heads of departments in the station. This fact has

necessarily reduced the time and energy available for station

work, and the further growth of the college will force upon those

responsible for station management a careful consideration of

the question whether there should not be connected with the

station a larger number of men who have had such training and

experience, and who possess such natural ability, that they are

competent, without immediate supervision, to originate and carry

on investigations of the highest order.

The chemical research work of the station suffered a serious

break in the resignation of Dr. E. D. MacLaurin. The place

left vacant by his resignation has not been filled, but an addi-

tional assistant in chemistry is now employed, thus makiug it

possible to push chemical research investigations which are in

progress under ]\Ir. Holland more raj^idly than it has been pos-

sible to do heretofore.

The connection of Mr. F. A. Johnson with the experiments

pertairiing to cranberry insects has ceased during the past year.

The station, however, has been fortunate in once more obtaining

the services of Henry J. Franklin, Ph.D., for entomological

work. Dr. Franklin will devote a large share of his time to cran-

berry insects, but will be placed in local charge of other experi-

mental work with cranberries in the cranberry district. He will

be available also for other entomological investigations as time

permits.

Mr. P. V. Goldsmith has resigned during the past year to

accept a more lucrative position as a sugar chemist. The tvv'o

new assistants in chemistry are J. F. Merrill, B.Sc, and Carl

D. Kennedy, B.Sc.
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Buildings.

No important new buildings have been erected during the past

year. We have, however, put up, bj use of ordinary station

funds, three portable brooder houses. These houses are of the

Cornell University pattern. They are heated by gasoline and

each will accommodate 200 chickens.

Extensive improvements have been made in the old station

barn and stables. A large part of the old floor in the main

barn has been torn out and a concrete floor put in its place.

A cellar 25 by 56 feet in size has been made under the stables.

This will provide greatly needed additional room for winter

storage of fruits and vegetables. The old stable partitions and

fittings have been removed, and a solid concrete floor has been

laid over the old plank floor, while new stall partitions and

fittings will take the place of the old. These improvements

have been carried out with funds appropriated by the last Legis-

lature.

Particular attention is called to the fact that additional room

must be provided in our chemical laboratory. The provision

of such room is made imperative by the demands made upon us

for research work, the rooms upon one side of the laboratory

being; used in the fertilizer control and those on the other side in
CD

the feed and dairy control work. These rooms are fairly suffi-

cient for the control work; l)ut they do not provide either the

.space or the conditions essential for chemical research work. In

spite of all possible efforts to prevent such results it is inevitable

that the analytical work connected with the examination of fer-

tilizers and feeds will sometimes load the air with fumes which

might vitiate absolutely the research work going on, and this

might mean a tremendous loss of time and the sacrifice of the

results of much skilled work. To undertake to carry on re-

search work under such risks must, of course, be extremely un-

satisfactory ; but even could such risks be avoided, the working-

conditions in a laboratory where control work is being prose-

cuted are not favorable to research work. Research work re-

quires undisturbed quiet. Tn the presence of numerous men en-

gaged in ordinary routine chemical work there must necessarily
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be a certain amount of movement and confusion. Research

work side by side with routine control work cannot therefore be

made to give the best results.

Plans for the provision of accommodations needed for re-

search work have received the careful attention of the members

of the station staff most concerned. It will be necessary, in

order to carry out plans which will be at all adequate to our

needs, to secure a special appropriation from the Legislature.

Station Activities.

Station activities have embraced work along all the different

lines mentioned in our last annual report. These lines are

experiment, research, dissemination of information and con-

trol work. As already pointed out, there has been little change

in the amount of practical experimental work during the year.

Research work has been somewhat increased, as has also been

pointed out. In the lines of work which come under the head

of dissemination of information there has been comparatively

little change during the year, although some heads of depart-

ments have called attention to the fact that, since the organiza-

tion of an extension department in the college, there is a slight

decrease in the number of calls for information coming to the

station. This has been noticeable chiefly in the number of

letters of inquiry. It must be regarded as desirable, from the

standpoint of station efficiency, that the members of the station

staff should be relieved as far as may seem possible of the neces-

sity of doing routine extension work. Such relief will mean

more time and energy for investigational work, which must be

regarded as the most important function of the experiment

station.

The amount of control work during the past year has been

greater than in any j^revious year. The increase has been due

chiefly to the fact that a greater number of samples of fertilizers

have been collected and a greater number of analyses of fertili-

zers carried out.

Attention is called to the fact that three of our neighboring

N^ew England States have seed laws. These laws must tend to

prevent to some extent the sale of inferior seed in these States,
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and it would seem probable that since there must always be a

certain amount of such seed, there will be increased probability

that it will seek a market in those States not having seed laws.

This, it seems likely, will mean an increase in the amount of in-

ferior seed brought into Massachusetts for sale. The laws in

our neighboring States have not yet been long in effect, and

the tendency to which I have referred has not yet shown itself.

Should it seem, however, that Massachusetts is becoming a

dumping ground for inferior seed, it will clearly be the part of

wisdom to endeavor to secure the enactment of a law for the

protection of honest dealers (who, it is believed, are in a large

majority in the State) and of the buyers and users of farm and

garden seeds.

The investigation carried on by Dr. Burton N. Gates and

the correspondence of the experiment station have made it per-

fectly apparent that both European and American foul brood

are common among bees in various parts of the State. The ex-

istence of this disease threatens an industry which is already of

considerable importance, and which might, with great advantage

to our citizens, receive much greater attention. The passage

of an act providing for an inspector of apiaries would be most

desirable. The work of this inspector would bo largely and no

doubt chiefly educational. These diseases can be eradicated or

controlled. Many beekeepers would no doubt undertake to rid

their apiaries of disease could they be shown how to do the work.

Under existing conditions, however, a beekeeper unfortunate

enough to have either of the varieties of foul brood would have

little encouragement to rid his apiary of the disease for the rea-

son that he must anticipate re-infection from the apiaries of

beekeepers who should neglect to carry out remedial treatment

with the thoroughness essential to success. The inspector of

apiaries, therefore, mnst be given authority to compel remedial

treatment, or, if other measures fail, to destroy infected colonies.

New York and Connecticut now have laws providing for such

work as has been indicated, and it is quite time that Massa-

chusetts also should enact such a law.

It seems probable that a national law covering the manufac-

ture and sale of insecticides and fungicides will be enacted by

the Congress now in session. Sucli a law has been under joint
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consideration by the Bureau of Entomology of the Department

of Agriculture, a committee of Economic Entomologists and

prominent manufacturers. A law was introduced into the

last Congress, and has now been brought into such form that

it seems to be fairly satisfactory to all interests involved. This

law, of course, can be effective in the States only in governing-

interstate transactions, but since practically all manufacturers of

insecticides and fungicides do an interstate business, the passage

of the national law will probably prove effective in controlling

the manufacture and trade in these materials.

Publications dueing 1909.

The new plan for the publication of the annual report of the

station referred to in my last report became effective for the

first time during the past year. Under this plan a larger pro-

portion of the material published by the station will appear in

the annual report than has been customary heretofore. Thus,

for example, the two parts of the annual report for 1909 make

a total of 300 pages, whereas the annual report for 1908 in-

cluded 1Y2 pages only. The amount of matter to be published

in bulletin form is reduced l>y the change just referred to, and

the number of such publications during the past year has been

considerably less than in 1908. The total number of printed

]iages, including both bulletins and reports is, however, the same

for the two years.

The amount of circular matter sent out is also practically the

same, namely, 30 pages in 1909 and 32 pages in 1908. A full

list of the j)ublications for the year follows :
—

Publications during 1909.

Annual report :
—

Parts I. and II. 300 pages.

Bulletins :
—

No. 128. Inspection of Commercial Feed Stuffs, P. H. Smith and

P. V. Goldsmith. 56 pages.

No. 129. Beekeeping in Massachusetts, Burton N. Gates. 32 pages.

No. 130. A Summary of Meteorological Observations, J. E. Ostrander.

28 pages.

Circulars :

—

No. 20. The Use of Lime in Massachusetts Agriculture, Wm. P.

Brooks. 6 pages.



No.
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Examination of the above list makes it apparent that rela-

tively few of our earlier bulletins can now be furnished. The

publications printed by the station during the early years of its

existence were naturally issued in comparatively small editions.

The demand was limited. The growth of interest in improved

methods in agriculture was not fully anticipated. It is now

apparent that it would have been well had many of our bulletins

and reports, which are of a character to make their contents of

some permanent value, — even if only for purposes of library

reference, — been issued in larger numbers. Many institutions,

especially those devoted to agricultural education, and hundreds

of individuals, are now vainly seeking to complete files of sta-

tion publications. We cannot recall the past. Its mistakes are

irremediable ; but we should heed its lessons. The growth of

interest in such matters as station reports and bulletins treat

will continue, and the rate of such growth will be more rapid in

the future than in the past. It would clearly seem unwise to

figure our editions too close to present demand, and yet to this

course we seem to be compelled on account of the pressure upon

station funds, made greater by the last grant from the federal

government, — the Adams fund, — since this fund provides

means for increased research, while the act granting it expressly

stipulates that no part of the fund shall be used in meeting the

costs of publication of results. These costs are, therefore, an in-

creased burden on funds already fully utilized in meeting the

expenses of other lines of work.

It may be urged that under the conditions above outlined the

amount of work in other lines should be decreased, but this is an

alternative which the demands of the times render most diffi-

cult, and which I believe would be decidedly unwise. We are

under constant pressure to undertake more experimental work

and in new lines. The various special agricultural interests

urge us to more fully recognize them. Poultrymen, asparagus

growers, cranberry growers, tobacco growers, hothouse men and

many others have their special problems, which they look to us,

and rightly, to help them solve. We need more funds then,

rather than less, for our experimental work, and hence the neces-

sity of a more generous provision for publication. The size
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of our editions should be increased, but under existing appro-

priations this is imjoossible.

A committee of the American Association of Agricultural

Colleges and Experiment Stations, after a most careful study of

the whole subject of station publications, has recently made a

report strongly urging, among other things, that, with a view to

making provision for future demands, station publications

should be electrotyped when issued. The adoption of this course

now does not seem to me to be our most pressing necessity, but

some such provision in the near future will no doubt be de-

sirable.

The demand for general bulletins of information, referred to

at some length in my last report, shows no sign of abatement.

On the contrary, it is ever increasing. The information which

may be furnished by such bulletins is greatly needed. Could

it be placed in the hands of persons calling for it, marked im-

provement in agricultural methods might be confidently antici-

pated. I believe, however, that this demand should be chiefly

met by private enterprise. Certainly it cannot be met by the

station without special provision to cover its costs. Meeting it,

however, would seem to be in the nature of extension rather

than experimental work, and therefore, under the modern

conception of respective functions, jierhaps belongs rather to the

college than to the station.

Letters of Inquiry.

The number of letters of inquiry annually received in the

different departments of the experiment station continues to in-

crease. During the past year the total number of such letters

received and answered was 6,500. Attention to these letters con-

sumes a very considerable proportion of the time and energy of

members of the station staff, thus materially curtailing the

amount of attention which can be given to investigation. The

numerous letters of acknowledgment received from corre-

spondents receiving suggestions and advice make it ai)parent

that the assistance which the station is able to render by an-

swering these letters is appreciated. The amount of work of

this character which the public will call upon the Massachu-
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setts Agricultural Experiment Station to do is sure to increase.

This line of work is liiglilj important and useful, and it would

seem to be the part of wisdom to make special provision for it

in order that station workers may be more free to devote them-

selves to investigation.

Lectures and Demonstrations.

Members of the station staff have been frequently called upon

during the past year to deliver public lectures and to conduct

demonstrations. The number of lectures and demonstrations

given during the year was 56, while a large number of invita-

tions to accept such engagements were, of necessity, declined.

Work of this character makes heavy inroads upon the time of

station workers, for it involves in the long run the use of much
time in travel and in preparation. In so far, however, as sta-

tion men have special knowledge of certain subjects, it seems

desirable that they should address a reasonable number of im-

portant meetings, since in this way the results of the work of the

station are carried to the public, while the lecturer on his part

is brought into closer and wholesome touch with the public

which he aims to serve.

M1SCEL1.ANEOUS Analyses.

The chemist reports the usual large number of miscellaneous

analyses. Work of this character done during the year may be

summarized as follows :
—

Water, 99

Milk, . .
' 389

Cream, 2,933

Feed stuffs, 98

Tertilizeis and fertilizer materials, .... 234

Soils, 42

Miscellaneous substances, 45

This summary includes simply the analytical work carried

out for individuals. The results of these analyses are of interest

in most cases only to the persons sending in the material. It is

recognized that this work has its value ; but investigational work
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is of wider interest and of greater value. It has been our policy,

therefore, and must continue to be our policy, to confine work

of this kind to relatively narrow limits. Should we comply

with all requests for work of this character, it is probable that

the time of all the chemists at present employed would be very

largely occupied in this work.

The most marked increase in demands for private analytical

work is for soil analyses. There appears to be a widespread mis-

conception as to the probable value to the individual of a chemi-

cal analysis of his soils. This subject was rather fully discussed

in my last annual report ; but it seems wise once more to repeat

that the results of such analysis do not constitute a satisfactory

basis for determining either the crop adaptation or the manurial

requirements in the great majority of cases. No accurate count

has been made, but it is believed that the number of requests for

such analyses made during the past year has been at least 300.

To have made this number of complete analyses would have re-

quired the continuous services of two chemists for a year ; while

to have determined simply the leading fertilizer elements must

have required the full time of one chemist.

The leading soil types found in the State have already been

analyzed repeatedly in most cases. Fertilizer requirements ap-

pear to be determined in the majority of instances more largely

by the crop than by peculiarities in the chemical composition of

the soil. It is particularly pointed out, therefore, that corre-

spondents need only to state the type of soil, the character of the

subsoil, the recent manurial treatment and the crop in order to

give us a basis for suggestions in relation to the selection of fer-

tilizers. Samples of soil, if sent, will not usually be analyzed,

unless the type of soil or the conditions which have affected it ap-

pear to be of unusual character.

Control Work.

The amount of work connected with the execution of the fer-

tilizer and feed laws increases from year to year. During the

past year 1,042 samples of fertilizers have been examined in ac-

cordance with the requirements of the fertilizer law, and 946

samples of cattle feeds have been analyzed. Conditions as affect-
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iug the trade in feed stuffs have been on the whole satisfactory.

The fertilizer inspection has, however, resulted in the discovery

of a larger number of fertilizers not equal to guarantee than has

been found in any previous year. It has not been thought best

to make any prosecutions during the past year ; but the particular

attention of dealers is called to the fact that such conditions as

existed this year must not continue, and that prosecutions will

undoubtedly be necessary should serious shortages again occur.

Details of the inspection work will be found in the report of the

chemist.

Testing Puee-bred Cows.

Attention was called in the last report to the fact that a small

increase in the scale of charges for testing pure-bred cows had

been found necessary. There was at first some criticism of the

station for making such an increase, but it is believed that the

necessity for it was made clear to parties interested in the work.

The new scale of charges now excites no opposition, while the

amount of such work steadily increases. The fact that its re-

sults are profitable to the parties concerned is made sufficiently

apparent , by the fact that the number of cows offered for test

continues to increase. The present scale of charges is believed

to be sufficient to fairly cover the cost, and it must, therefore,

be regarded as satisfactory both to the interested public and to

the station.

Mailing Lists.

During the past year we have undertaken, by correspondence

with postmasters throughout the State, to revise our general

mailing list. The last revision was made two years ago ; but

as the result of the revision now in progress we have cancelled

1,441 addresses because of death or removal as reported by the

postmasters. Postmasters have also reported over 2,000 changes

in address. Before these changes are made, we shall address

the individuals concerned, and shall re-enter them under new

addresses" only in those cases in which they reply to the postal

card inquiry. It seems probable that the total number of ad-

dresses dropped from our list as the result of the revision will be

at least 2,500. The facts stated make it apparent that post-

masters do not as a rule comply with the postal regulations af-
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fecting station j^nblications, and return them in the event of non-

delivery. These facts make it very apparent also that frequent

revision of mailing lists is a necessity if wasteful distribution

of reports and bulletins is to be avoided. There is little doubt

that our lists for other States and for foreign countries also need

revision, and this work will be undertaken as soon as conditions

make it possible.

The extent to which our general publications circulate is made

apparent by the following statement of the numbers in our

lists:—
Residents of Massachusetts,

.
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No new lines of work have been undertaken. Our principal

investigations, it will be remembered, are of two general classes,

-— breeding experiments and fertilizer experiments.

Breeding Experiments. — During the past year good prog-

ress bas been made in these experiments, which have for their

object the production of more rust-resistant types of asparagus,

which shall at the same time possess desirable market char-

acteristics. The number of varieties in the experimental plots

at the present time is 65. Mr. J. B. Norton, who began obser-

vations in Concord last year, has devoted practically all of his

time during the past season to the asparagus breeding experi-

ments. It will be remembered that in this work we enjoy the co-

operation of the United States Department of Agriculture, and

Dr. B. T. Galloway, Chief of the Bureau of Plant Industry,

under whose direct charge work of this description comes,

has definitely assigned Mr. Norton to take local charge of the

work in Concord. Mr. Norton succeeded during the past season

in making numerous promising selections and a large number

of artificial fertilizations. Some of the seed resulting from this

work will be planted in Washington, and a close preliminary

study of the plants produced will be made there during the

coming winter. It is hoped to shorten the time needed for

testing the value of different types by following this course.

Those which seem promising will be taken to Concord for fur-

ther testing and observation. It is a pleasure to testify to

the enthusiasm and faithful industry of Mr. Norton, who, be-

sides devoting himself to the breeding experiments, has proved

very helpful in taking observations and making records oif the

fertilizer experiments as well. An exhaustive chemical study

of the roots as affected by the varying fertilizer treatment is

now in progress and appears to promise results of importance

and great value.

Fertilizer Experiments. — The conditions in the fertilizer

plots continue to be highly satisfactory. There was, it is true,

considerable rust, as was the case almost everywhere in Con-

cord last fall ; but it did not begin as early in the fertilizer plots

as in manv beds in the district, and it is believed that the iniurv

was not serious. No diiferences in the extent of rust injury
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which could be attributed to variations in fertilizer treatment

could be detected. Cutting continued longer this year than last.

The first cutting was on May 7, and the last on June 6. The

quality of the product was especially good, as was perhaps only

natural on a vigorous new bed. There were considerable dif-

ferences in yield on the diiferent plots ; but the product will not

be reported at this time, as it is not clear that the differences

recorded were connected with varying fertilizer treatment. The

preparation of the entire area, as was pointed out last year, was

so thorough that the growth even on the plots receiving least fer-

tilizer is still unusually vigorous.

Tent Experiments. — The fact was reported last year that

it is the plan to conduct experiments for the purpose of deter-

mining the influence of tent shade as aifecting (1) yield; (2)

quality of product; (3) extent of injury from rust. It was,

however, found that conditions in the different j^lots of the old

asparagus bed, in which this work was begun, were not suffi-

ciently uniform to warrant the continuance of the work on that

bed. During the j^ast season, however, a new bed has been set

for the purpose of continuing these exjDeriments.

\/
Ckanbekey Substations.

It will be remembered that our cranberry work follows two

principal lines of inquiry relating (1) to the fertilizer require-

ments of the crop
; ( 2 ) to the insect enemies of cranberries.

The only work done in connection with insects during the past

year has been of a preliminary nature, as during the early part

of the season we did not enjoy the services of an entomologist who

could be assigned to this work. The station, however, has been

fortunate in concluding an engagement with Dr. Franklin, who

conducted insect work which gave^such valuable results two or

three years ago. Dr. Eranklin returns to this experiment

station as an assistant in entomology; but it is our expectation

that he will be put in local charge of all our experimental work

with cranberries, although he will, as heretofore when con-

nected with the station, devote his time principally to a study

of insects in their relations to the crop. Dr. Franklin was un-

able to take up this work earlier than October 1, but he spent sev-
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eral weeks in the cranberry sections of the State laying plans and

making preparations for the work of another year.

The past year has been characterized by a significant develop-

ment in the relations of cranberry growers to our work. As a

result of extended correspondence and conference, a committee

representing the Cape Cod Cranberry Growers' Association came

to the decision to solicit contributions towards the financial sup-

port of experimental work with cranberries. The committee

prepared a circular letter asking for pro rata contributions,

and this letter, in printed form, was sent to all known cran-

berry growers in the State. This letter follows :
—

To the Cranberry Growers of Massachusetts.

A legislative committee appointed by the Cape Cod Cranben-y

Growers' Association has conferred with Messrs. Brooks, Preston and

Damon of the State Experimental Station, and finds them heartily

in sympathy with a plan for a substation to be located in the cranberry-

growing district. They are willing to help us in every way if we will

help ourselves by bearing a reasonable proportion of the expense. As

cranberry growing is limited to certain areas, they do not feel justified

in asking the State to bear the whole burden.

Such a station would investigate cranberry insects and their parasites,

giving particular attention to the ravages of the fruit worm. It would

also consider the various diseases of the cranberry, and would detei'-

mine the best methods of spraying and flooding. Systematic experi-

ments with fertilizers w^ould be carried on with relation to their effect

on the color, quantity, size and keeping qualities of the fruit, and to

determine their retentive values in the soil. The propagation of new
varieties, the destruction of weeds and mosses and the study of climatic

conditions, with the probable assistance of the United States Weather

Bureau, would all be included in this work. The station would, in

short, be here to serve us.

We have every reason to believe that, by acting promptly, we can

secure the sei'vices of Mr. Henry J. Franklin for this undertaking.

Most of the growers are familiar with the earnest, conscientious investi-

gations which he made during his connection with the Amherst station.

His bulletin, " How to fight cranben-y insects," and the mounted speci-

mens which he prepared for us, prove his ability.

If every grower will contribute one cent for each barrel of berries

that he shipped last year, we believe that, with the co-operation of the

station, the necessary funds can be raised. If you are willing to con-

tribute that amount, will you please fill in the enclosed postal card.

We do not want the money now, and shall not ask for it unless a
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sufficient amount is pleilged to insure the success of the plan. A
prompt answer will be greatly appreciated.

A large number of growers responded favorably, and the

total amount of money pledged toward the support of experi-

mental work as a result of this movement was about $1,000.

It is with especial satisfaction that this action on the part

of cranberry growers and its results are reported, for it is

believed that this policy of self-help on the part of special in-

terests has much to commend it. These interests may fairly

be asked to contribute to the support of work especially de-

signed to benefit them ; but this is by no means the only reason

for the approval of this policy. It means a greater interest on

the part of the growers in the work which is going on, for

human nature is so constituted that what costs something is

valued more highly than that which is a free gift. This policy

means, moreover, closer co-operation, wholesome supervision and

helpful criticism. It is to be hoped that the results of this initial

movement in the direction of private support of experimental

work on the part of special interests will so commend themselves

to cranberry growers that not alone will they be inclined to con-

tinue a measure of support, but that other special interests,

recognizing the advantages of the system, may be led to adopt

a similar plan of co-operation.

It must be at once recognized that, in order that the experi-

ments contemplated in the interests of cranberry producers may

be carried on under satisfactory conditions, it will be necessary

to control a moderate area of cranberry land and the buildings

necessary for handling the crop, and to provide moderate labora-

tory accommodations. Unless the work can be located in per-

manent quarters, fully under the control of the experiment

station, it cannot possibly be prosecuted in a satisfactory man-

ner. Two methods of acquiring control of such property as

is needed are to be considered: (1) the needed land and

buildings might be leased for a number of years; (2) the

needed property might be acquired by purchase. The second

of the two plans would seem to possess considerable advantages

as compared with the first. Cranberry land ordinarily returns

so large an income that the rental which Avould undoubtedly
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be expected by an owner would be large. Moreover, questions

of possible damage to the property as a result of experimental

work might arise, which would be difficult to settle in a satis-

factory manner. Should the second plan bo adopted there

is little doubt that the net income derived from the crops pro-

duced would be sufficient to constitute a material contribution

to the funds available to pay the costs of experimental work.

If, therefore, the needed j^roperty can be purchased at a satis-

factory price, the methods of support of experimental work

would be largely settled. It would seem, therefore, to be ex-

tremely desirable either that growers unite in the purchase of

the property to be placed at the disposal of the station, or that

the State be asked to appropriate money for the purpose. It is

quite impossible that the cost either of leasing the needed prop-

erty or of purchasing it should be met by the use of ordinary

station funds. Such funds are quite inadequate in amount to

meet so large an added expenditure.

The co-operation of the United States government in certain

lines of investigation has been asked for, and we are already

assured of material assistance in the study of ]Aant diseases and

the climatic conditions which affect the crop.

Fertilizer Experiments. — The fertilizer experiments at Eed
Brook Bog, lying at Waquoit, have been continued. This in-

cludes 33 plots of one-twentieth of an acre which are subjected

to varying fertilizer treatment. The use of fertilizers has been

so planned that the results must ultimately afford a valual)le

basis for determining wdiat should be the composition of cran-

berry fertilizers. It is recognized, of course, that conditions

vary in different bogs, and that no one formula can possibly

be the best under all conditions. Our object is to learn if

possible the specific effects of different fertilizer elements.

When these are understood, it will be possible to adapt the fer-

tilizer to meet varying conditions in different bogs.

Most of the plots in our experiment gave a fairly good crop

in 1909, but, owing to a misunderstanding on the part of men
employed in harvesting the fruit upon portions of the bog out-

side the fertilizer plots, the product from a few of the plots

was mixed, and a comi^lete record of results would be inipos-
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sible. There were, moreover, a few plots in which considerable

damage was done by insects. The results, therefore, are not

to be reported in detail at this time, but the following conclu-

sions seem to be fully warranted as the result of observations

and records so far made.

1. The use of some fertilizer will clearly prove profitable

on many bogs. The average product on the no-fertilizer plots

(7 in number) in our experiments this year was 7.5 bushels per

plot, or at the rate of 150 bushels per acre. The average prod-

uct on the fertilizer plots (19 in number) was 13.4 bushels per

plot, or at the rate of 268 bushels per acre. The average prod-

uct on the 10 plots to which a complete fertilizer was applied

was at the rate of 306.5 bushels per acre. A complete fertilizer

was made up by the mixture of nitrate of soda, acid phosphate

and a potash salt.

2. The use of nitrate of soda gi-eatly promotes the growth

of vines, and seems also to be favorable to fruitfulness. Even

with the smallest quantity of nitrate used in our experiments

(at the rate of 200 pounds per acre) the growth of the vines has

been very luxuriant, — so luxuriant that the fruit, although

abundant, was poorly colored and probably inferior in keeping

qualities. The vine growth was so rank that another year the

rate at which nitrate is used will be greatly reduced. It is be-

lieved that nitrate in excess of 100 pounds per acre ivill seldom

he necessary.

3. The influence of high-grade sulfate of potash appears to

be decidedly favorable. It promotes fruitfulness, good color

and high quality. The highest yield obtained on any of the

plots (22V2 bushels, which is at the rate of 450 bushels per

acre) was produced where the maximum quantity of sulfate of

potash was used in connection with a moderate amount of ni-

trate of soda and acid phosphate. The total fertilizer applica-

tion to this plot was at the rates per acre :
—

Pounds.

Nitrate of soda, 200

Acid phosphate, ........ 400

High-grade sulfate of potash, 400
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4. Phosphoric acid apj)ears in these experiments to have

less effect than either of the other fertilizers employed, though

it appears probable that when applied in soluble form, such as

acid phosphate, it will be likely to promote early ripening, and

will be favorable to fruit of relatively high color.

WM. P. BROOKS,
Director.
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REPORT OF THE TREASURER.

ANNUAL REPORT

Of Fred C. Kenney, Treasurer of the Massachusetts Agricul-

tural Experiment Station of the Massachusetts Agricul-

tural College,

For the Year ending June 30, 1900.

The United States Appropriations, 190S-09.

Hatch Fund. Adams Fund.

Dr.

To receipts from the Treasurer of the United
States, as per ai)propriations for fiscal year
ended June 30, 1909, under acts of Congress
approved March 2, 1887 (Hatch Fund), and
March 16, 1906 (Adams fund).

Cr.

By salaries,

labor,

publications, ....
postage and stationery,

freight and express,

heat, light, water and power,
chemical supplies, . .

seeds, plants and sundry supplies

fertilizers, ....
feeding stuffs,

library,

tools, implements and machinery
furniture and fixtures, .

scientific apparatus,

live stock, ....
traveling expenses,

contingent expenses,

buildings and land.

$15,000 00

$12,734 18

479 84
6 50

103 23
21 48

103 88
91 64

362 92
254 53
241 28
143 04

244 00
113 03
10 25

20
15 00
75 00

$15,000 00

$11,000 00

$8,163 08
1,004 41

46 75
32 20
230 76
338 80
302 75
260 48

24 85

50 00
513 04

31 26

1 62

$11,000 GO
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State Appropriation, 190S-09.

To balance on hand,
Cash received from State Treasurer,

from fertihzer fees, .

from farm products,

from miscellaneous sources,

Cash paid for

for

for

for

for

for

for

for

for

for

for

for

for

for

for

for

for

for

Balance,

salaries,

labor,

publications, ....
postage and stationery, .

freight and express, ...
heat, light, water and power, .

chemical supplies,

seeds, plants and sundry supplies

fertilizers,

feeding stuffs, ....
library,

tools, implements and machinery,
furniture and fixtures,

scientific apparatus, .

live stock,

traveling exjDenses, .

contingent expenses,

buildings and land, .

17,529 52
13,500 00
5,210 00
2,387 57
4,825 17
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REPOKT OF THE AGRICULTURIST.

DEPARTMENT OF AGRICULTURE.

WM. P. BROOKS, agriculturist; E. S. FULTON, E. F. GASKILL, ASSISTANTS.

The work in the department of agriculture in the experiment

station has followed the usual lines during the past year. The

most important investigations in progress have reference to

what in general may be denominated fertility problems. They

are designed to throw light upon various questions connected

with the selection, use and methods of application of manures

and commercial fertilizers. A considerable number of the ex-

periments in progress has already continued for a number of

years, and the results are becoming increasingly valuable, as they

aiford, with the passage of the years, surer indications as to the

ultimate eifects to be expected. The number of field plots on

the station grounds used in the experiments the past year was

351.

Pot experiments have been continued and have been designed

chiefly to throw light upon the relative values of different ma-

terials which may be used, respectively, as sources of nitrogen,

phosphoric acid and potash. Tests of this character afford the

surest indications as to the relative availability of different ma-

terials. The principal crops used in this work are Japanese

barnyard millet, soy beans and dwarf Essex rape. We have

used 346 pots during the past year. In some phases of our

work, mainly as a check upon field results, we use closed plots,

and the number of these in use the past season was 1G7.

The experiments in progress will not be taken up in detail in

this report ; but attention is called to some of the more striking

results.
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I, The experiments on Field A, which have for their object

the determination of the relative value, as sources of nitrogen, of

some of the leading materials which may be used to furnish that

element, have been continued. These experiments were begun

in 1890. The crops grown in order of their succession have

been : oats, rye, soy beans, oats, soy beans, oats, soy beans, oats,

oats, clover, potatoes, soy beans, potatoes, soy beans, potatoes,

oats and peas, ,corn and clover for the last two years. These two

crops have been considerably mixed with grass. The best crop

of the year was produced where dried blood was used as a source

of nitrogen, but the crop produced upon nitrate of soda was

practically the same. On the basis of 100 for nitrate of soda,

the relative standing of the diiferent nitrogen fertilizers and

the no-nitrogen plots (total yield) was as follows: —
Per Cent.

Nitrate of soda, ....
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There would seem to be little doubt, therefore, that this ma-

terial must be regarded as one of the most satisfactory of the

nitrogen fertilizers, and since it can usually be purchased at

a lower average cost per unit of nitrogen than other fertilizers

containing that element, it would seem to be the part of wisdom

to use it as largely as soil and crop conditions will permit.

11. The experiments on Field B, for determining the rela-

tive value for different crops of the muriate and high-grade sul-

fate of potash when used in equal amounts, have been con-

tinued. These experiments began in 1892. Five pairs of plots

are under comparison. Up to 1899 the potash salts were used

in quantities (varying in different years, but always in equal

amounts on the two members of pairs of plots) ranging from

350 to 400 pounds per acre. Since 1900 the quantity used has

been uniform on all the plots, and at the rate of 250 pounds per

acre annually. In connection with the potash we have used the

same amount of fine ground bone annually for each plot through-

out the entire period of the experiment. The rate of aj^plication

of the bone is 600 pounds per acre. The season of 1909 is the

eighteenth year of these experiments. The crops during that

year were corn on two pairs of plots, asparagus and rhubarb oc-

cupying each a portion of one pair of plots, raspberries and

blackberries each occupying a portion of one pair, carrots on one

pair of plots and cabbages on the other. The yield of berries

was very small, on account of serious winterkilling. This was

less on the sulfate of potash than on the muriate. On both pairs

of plots occupied by corn the sulfate gave a heavier yield of

grain, while the muriate gave a larger yield of stover. The dif-

ference in favor of the grain amounted to about 5 bushels. The

difference in stover in favor of the muriate was at the rate of

about 600 pounds per acre. The asparagus gave much the

heavier crop on the muriate, at the rate of 6,002 pounds per

acre on that salt against 3,257 pounds on the sulfate. The

rhubarb gave a crop at the rate of 22,786 pounds per acre of

stalks on the muriate and 28,349 pounds on the sulfate. The

carrots gave a better yield on the sulfate, at the rate of 822.4

bushels per acre against 799.1 bushels on the muriate. The

cabbages gave much the larger yield of hard heads on the sul-

fate, the figures being at the following rates per acre :
—
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Founds.

Muriate of potash :
—

Hard heads, ........ 17,466

Soft heads, 6,878

High-grade sidfate of potash :
—

Hard heads, 21,966

Soft heads, 2,434

III. In Field C we have under comparison for nse in

connection with maimre three dilterent materials used a§ a

source of nitrogen, — sulfate of ammonia, nitrate of soda and

dried blood, — and the two potash salts, muriate and high-

grade sulfate, each salt being used with each of the three

nitrogen fertilizers and in connection with a liberal applica-

tion of dissolved bone black, the same on all plots. The com-

parison of these different fertilizers in this field was begun

in 1891, but up to the year 1898 they were used without

manure. Since that time all plots receive annually a dressing

of stable manure, at the rate of 30 tons per acre. A large

variety of crops has been grown in this field. The crops the

past year were asparagus, rhubarb, cauliflower and onions.

Rhubarb and cauliflowers have given the heavier yields on

sulfate of ammonia as a source of nitrogen ; but both asparagus

and onions have given smaller yields on this material than

on either of the other nitrogen fertilizers. Nitrate of soda gave

a yield of asparagus about 25 per cent, greater than sul-

fate of ammonia, while for onions the difference in favor of

the nitrate of soda was in much greater proportion. With

muriate as the source of potash, the yield of Xo. 1 onions on

the different nitrogen fertilizers was at the following rates per

acre :
—

Bushels.

Sulfate of ammonia, ....... 359.2

Nitrate of soda, ........ 565.1

Dried blood, 515.9

With sulfate of potash as the source of potash the rate of

yield of No. 1 onions per acre for the different nitrogen fer-

tilizers was as follows :
—

Bushels.

Sulfate of ammonia, ....... 412.0

Nitrate of soda, 703.6

Dried blood, ..,.,..., 557.5
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The average yields on the different potash salts were at the

following rates per acre :
—

Bushels.

Muriate of potash :
—

No. 1 onions, 480.10

Pickling onions, . . . . . . . 77.80

Sulfate of potash :
—

No. 1 onions, 557.70

Pickling onions, 57.97

For rhnbarb the muriate of potash gave the larger crop, at

the rate j^er acre of 77,400 ponnds, against 64,828.7 pounds on

the sulfate.

The cauliflowers gave the better crop on the sulfate, the rates

per acre being as follows :
—

Pounds.

Muriate of potash, 24,695

Sulfate of iDotash, 30,691

The asparagus gave the better yield on the sulfate, but the

difference was small. The rates per acre were as follows :
—

Pounds.

Muriate of potash, 4,951.0

Sulfate of potash, 5,176.7

The results with onions and with cauliflowers arc the most

striking, and are in close agreement with results previously

obtained. The cauliflower, like the cabbage, seems to be more

certain to give a satisfactory crop on the sulfate than on the

muriate on soils fairly retentive of moisture.

The crops on the plot in this field, where manure is used

without fertilizers, are in most cases still nearly as good as on

the plots where fertilizers are used in addition to the manure;

but we would again point out that the history of this plot and

its manurial treatment previous to its inclusion in this field

were different from those of the other plots. N^evertheless,

the fact that the crops on this plot still compare so favorably

with those on the plots where fertilizer also is used raises the

question whether the latter is a benefit.

TV. In the experiments comparing the different potash

salts, which were begun in 1808, and in which these salts are
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used in quantities to furnish equal actual potash per acre

annually, the crop the past year was hay, mixed timothy, red

top and clovers. The average yield of the no-potash plots was

at the following rates per acre :
—

Pounds.

Hay, 5,744

Rowen, ......... 680

The average yield of all the potash plots, 35 in number, was

at the following rates j)er acre :
—

Pounds.

Hay, 6,412.6

Rowen, ......... 1,555.4

It will be noticed that the increase in the yield of hay was

not very large, and that the yield without the potash was for

both crojjs slightly in excess of 3 tons per acre. The rowen

crop on the potash plots is much greater than on the no-potash

plots because of the larger proportion of clover. The most

striking result of the experiments, indeed, is the comparative

failure of clover on the plots to which no potash was applied,

and its great inferiority on the five plots to which kainit is

annually applied. On these plots, and especially on the plots

to which the kainit is applied, the yield of timothy was re-

markably heavy, the proportion of this grass being much
greater than on plots to which the other potash salts are applied.

V. In the field where ten of the leading materials which

may be used as sources of phosphoric acid have been under com-

parison since 1897, the crop during the past year was soy

beans. The phosphates used in this experiment are applied in

connection with equal and liberal quantities of nitrogen and

potash in available forms, at such rates as will furnish equal

actual phosphoric acid per acre. The average yield of the three

no-phosphate plots was at the rate of 6,668 pounds, or 27.8

bushels per acre. The average yield on the ten phosphatic

fertilizers was at the rate of 1,835.2 pounds, or 30.6 bushels.

The average increase on the phosphate plots as compared with

the no-phosphate was at the rate of 167.2 pounds per acre.

The highest increase, at the rate of 296 pounds per acre, was

produced on the steamed bone meal. This increase is at the
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rate of 17.7 per ceut. There was not a very wide difference

between the crops produced on the different phosphates, and the

most striking result of the experiment is the fact that the crop

where no phosphate has been applied during the past thirteen

years is nearly equal to the crops produced on the best of the

phosj^hate plots. On the same plots last year, cabbage being

the croj), the increase on the best phosphatic material of the

year, bone meal, was G67 per cent, of the average crop pro-

duced on the no-phosphate plots. These facts serve to empha-

size the point which I have previously many times referred to,

that in considering the plant-food requirements of soils it is

of the first importance that the crop be taken into consideration.

For the successful cultivation of the cabbage on this soil a

rapidly available form of phosphoric acid is essential ; but for

the soy bean, the application of phosphoric acid seems to have

been relatively unimportant.

VI. The crop on the south corn acre, where manure at

the rate of 6 cords to the acre annually has been under com-

parison since 1890 with an application per acre at the rate of

4 cords of manure and 160 pounds of high-grade sulfate of pot-

ash, during the past year was hay, mixed timothy, red top and

clovers. The i:)lots to which the large applications of manure

alone have been made were materially larger than on the com-

bination of a lesser amount of manure and potash. The fol-

lowing are the average rates per acre:—
Pounds.

Manure alone :
—

Hay, 4,930

Rowen, ......... 530

Manure and potash :
—

Hay, . 3,670

Rowen, 490

The rowen crops of the past season were exceptionally small,

on account of a very marked deficiency in rainfall. It is

apparent, however, that although the combination of the lesser

amount of manure and potash substantially equals the larger

amount of manure for corn, which is grown in alternate two-

year rotations with hay, it is not equal for the production of hay.

VII. On the north corn acre, where the combination of

fertilizer mat(a-ials rich in potash is under comparison with
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a combination of similar materials in different proportions,

and fnrnisbiug less potash and much more phosphoric acid,

the crop the past year was hay, mixed timothy, red top and

clovers. This experiment was begun in 1891, and for the

past fourteen years corn and hay, two years each, have reg-

ularly alternated. Owing to the very dry summer the field

was cut but once. The average yields were at the following

rates per acre :
—

Pounds.

On the fertilizer combination rich in phosphoric acid

and relatively poor in potash, ..... 5,094

On the fertilizer combination richer in i:)otash and

poorer in phosphoric acid,...... 5,320

The proportion of clover in the plots receiving the combina-

tion richer in potash is noticeably greater than on the other

plots. The combination richer in potash in these experiments

has shown itself substantially equal to the other combination

for the production of corn, and superior for the production of

hay.

VIII. The experiments for the production of hay, by using

in rotation as top-dressing barnyard manure, wood ashes and

a mixture of bone meal and potash, have been continued dur-

ing the past year in the nine-acre field where these experi-

ments have been under progress since 1893. The average yield

on the entire area during the past year was at the rate of 5,036

pounds of hay. The yields on the different materials used in

top-dressing were at the following rates per acre :
—

Pounds.

Barnyard manure,........ 5,394

Wood ashes, 4,708

Fine ground bone and potash, 5,160

The average yields to date nnder the different systems of

top-dressing have been at the following rates per acre :
—

Pounds.

Barnyard manure, G,373

Wood ashes, 5,805

Fine ground bone and potash, ..... 6,164

The average yield of the nine acres, from 1893 to 1909 in-

clusive, has been at the rate of 0,150 pounds per acre. The
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average of the past year, it will be seen, is materially 1)elow

the long-time average, a fact undoubtedly due to the deficiency

of summer rainfall, previously referred to.

IX. In the experiments comparing winter application of

manure wdth spring application of an equal quantity, put into

large heaps in the field in the winter and spread in the spring,

the crop this year has been hay, mixed timothy, red top and

clovers. The two systems of applying manure are under com-

parison on five pairs of plots, and the experiment has been in

progress since 1899. The average crops of the past season

were at the following rates per acre :
—

Pounds.

"Winter application of manure :
—

Hay, 7,045.0

Rowen, 460.6

Spring application of manure :
—

Hay, 6,482.0

Rowen, 659.2

It will be noted that the winter application has given a

larger crop of hay, but that the manure applied in the spring

has p'iven a heavier vield of rowen. If we combine the hav and

rowen crops, the average yields have been at the following

rates per acre :
—

Pounds.

Winter application of mannre,..... 7,505.6

Spring- application of manure, 7,141.2

The field in which these experiments are located slopes con-

siderably in a direction running lengthwise with the plots.

The superiority of the results obtained where the manure is

applied in winter becomes more strikingly evident when it

is remembered that by following this system the labor cost is

materially less than under the other, since when the manure is

applied in the spring it must be handled twice.

X. The leading feature of the poultry experiments during

the past year has been the continuation of the experiments

comparing the dry with the moist-mash system of feeding. We
have carried through six experiments, three during the winter

and three during the summer, using in these experiments six

different flocks of fowls. The results have been similar to those
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obtained last year. In the majority of the experiments the

fowls receiving the moist mash have produced a greater num-

ber of eggs. The moist-mash feed has seemed to be superior to

the dry feed in four out of the six experiments, and the num-

ber of eggs in most of these experiments has been materially

greater than the number produced under the dry system of feed-

ing. In the two experiments in which the dry system gave the

greater number of eggs, the differences were relatively small.

Averaging the six experiments, the results are as follows :
—

Number of Eggs daily per 100 Hens.

Moist mash, . . . ... . . . 30.3

Dry feeds, 34.5
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REPORT OF THE CHEMIST.

JOSEPH B, LINDSEY.

DEPARTMENT OF PLANT AND ANIMAL CHEMISTRY.

Research section : Edward B. Holland, Robert D. MacLaurin.*

Fertilizer section : Henri D. Haskins in charge.

Feed and dairy section : Philip H. Smith in charge.

Assistant chemists: Lewell S. Walker, James C. Reed, Philip V.

Goldsmith," C. D. Kennedy.'

Assistant in animal nutrition : Roy F. Gaskill.

Inspector: James T. Howard.*

Clerks and stenographers: Harriet M. Cobb, Alice M. Howard.

In the following pages is given a brief outline of the work

carried on by the department for the year ending Dec. 1, 1900.

1. Correspondence.

The number of letters sent out during the year ending Decem-

ber 1, on the basis of stamps used, has been 5,C41, some 841

more than in the preceding year. Comparatively few stamps

are used for packages. The correspondence divides itself

principally into (a) answering letters of inquiry, (h) the ex-

ecution of the fertilizer and feed laws, (c) testing of cows,

and (d) in the ordering of supplies.

> Resigned Sept. 1, 1900. ' From Octo])cr, 1909.

2 Resigned Dec. 1. 1909. * From April 1, 1909.
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2. Numerical SujsjMAJiY of Work in the Ciiemicai. Labo-

ratory.

From Dec. 1, 1908, to Dec. 1, 11)00, there have been re-

ceived and examined 99 samples of water, 389 of milk, 2,933

of cream, 98 of feed stuffs, 234 of fertilizers and fertilizer

materials, 42 of soils and 45 miscellaneous. In connection with

experiments made by this and other departments of the station,

there have been examined 191 samples of milk, 157 of cattle

feeds, 58 of fertilizers, 26 of soils and 534 of agricultural

plants. There have also been collected and examined 1,042

samples of fertilizer in accordance with the requirements of

the fertilizer law, and 946 samples of cattle feeds in accordance

with the requirements of the feed law. The total for the year

has been 6,794. This summary does not include work done

by the research division.

In addition to the above, 25 candidates have been examined

and given certificates to operate Babcock machines, and 4,071

pieces of Babcock glassware have been tested for accuracy of

graduation, of which 43, or 1.06 per cent., were inaccurate.

3. Resume of Work of the Research Section.

The research work was carried on jointly by Mr. E. B. Hol-

land and Dr. R. D. MacLaurin. Mr. Holland has given atten-

tion particularly to a study of methods for the determination

of insoluble acids in butter fats, and has co-operated with the

entomological department relative to the burning of foliage

by insecticides. Quite satisfactory progress has been made in

both of these lines of work, but thev are not sufficiently ad-

vanced to warrant any detailed publication. A j^aper on the

stability of butter fat, prepared by Mr. Holland, appears else-

where in this report.

Work on the constitution of fats and the chemistry of fat

formation has been suspended by the resignation of Dr. Mac-

Laurin. Dr. MacLaurin devoted substantially a year to the

study of this subject, and has signified to the writer his inten-

tion of preparing his work for publication.
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4. WoEK IN Animal Nutrition.

Work to note the effect of molasses on the digestibility of the

ration with which it is fed has been sufficiently advanced to

warrant a paper on the subject, which aj^pears elsewhere in

this rej^ort.

Experiments on the most suitable varieties of corn for the silo

have been in progress for a number of years. The results

show that such varieties as the Learning, Pride of the North,

Hustler White Dent, Longfellow and Sanford White are more

suitable for this latitude than Early Mastodon, Improved White

Cap, Brewer's Dent, Wing's White Cap and Eureka. We have

noted the degree of maturity by September 15, the yield of dry

matter, the proportion of dry matter in stocks, ears, husks and

leaves, as Avell as the degree of digestibility of most of the sev-

eral varieties. The excess in yield of gTeen material from the

latter varieties consists largely of water. In case the coarse

dents are field cured, the stalks will not cure out well, and as

late as the middle of November contain a much larger amount

of water than the smaller varieties. The detailed report of this

experiment will probably be ready for publication in another

year.

Digestion tests with alfalfa and red clover at the same stages

of growth have been completed, but a large amount of labora-

tory work in connection with the samples still remains to

be done before the final results can be obtained.

5. Resume of Work of the Eeetilizer Section.

]\fr. II. D. Ilaskins, in charge, presents the following re-

port :
—

The activities of the fertilizer division have been confined

chiefly to the fertilizer control work and the examination of

fertilizers, soils, refuse by-products, etc., forwarded by farmers

and others interested in agriculture. The results of the year's

work would indicate that a larger number of private formulas

aud home-mixed fertilizers had been used by the Massachu-

setts farmers than ever before. The work of the collection and

inspection of licensed fertilizers has also increased during the

year. A larger number of fertilizers was licensed this year



1910.] PUBLIC DOCUMENT— No. 31. 49

than during the past season, and the collection and analysis

of samples reach the highest nuniher ever attained dnring the

history of fertilizer insj)ection work in Massachnsetts.

(a) Fertilizers licensed.

Dnring the year 431 distinct brands of fertilizers and agri-

cnltnral chemicals have been licensed in Massachusetts. Li-

censes have been secured during the year by 78 manufacturers,

importers and dealers, counting each branch of the American

Agricultural Chemical Company as a separate company. Two

more licenses were issued and 22 more brands were licensed than

f<n' 1008. The brands licensed this year may be classed as

follows :
—

Complete fertilizers, . . . . . . . • 306

Fertilizers furnishing potash and phosphoric acid, . . 9

Ground bone, tankage and dry ground fish, ... 51

Agricultural chemicals and organic compounds furnish-

ing nitrogen, ......... 65

Total, ......... 431

{h) Fertilizers collected.

An effort was made during the season to cover a larger terri-

tory than heretofore, and to procure, so far as possible, repre-

sentatives of every brand of goods sold in the State. As a

general rule, fertilizers cannot be found plentifully in the open

markets in IMassachusetts until after Ajudl 1. Some of the

fertilizer is used on early crops by the 15th or 20th of April,

and by May 1 considerable of the fertilizer is in the ground.

Our collecting season being relatively short, an extra man was

delegated to gather samples during that portion of the season

when the fertilizer was found most plentiful. The samples

were in all cases taken by an authorized agent from the ex-

periment station. Mr. James T. Howard, the assistant usually

delegated to this work, assisted by ]\fr. C. W. Gaskill, covered

the eastern portion of the State, while Mr. E. C. Hall looked

after the collection in the Connecticut Valley and the central

portion of the State. Samples were taken from over 280

different agents, and over 110 different to^\^ls were visited.
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The total number of samples collected was 1,042, represent-

ing 458 distinct brands, — being 418 more samples than during

the preceding year. Wherever possible an analysis has been

made of a composite made up of equal weights of the same brand

collected in various parts of the State. Samples have been

taken Avith the usual care and discrimination, the collecting

agents being instructed to sample at least 10 per cent, of the

number of ])ackages of each brand, and never less than five

bags, without making a special note of the fact on the guarantee

slij) which is sent to the laboratory with each sample taken.

(c) Fertilizers aiiali/zed.

The following analyses have been made in connection with

the inspection of licensed fertilizers :
•—

-

Comi:>lete fertilizers, ........ 384

Ground bone, tankaj>e and Hsh, ..... 61

Materials furnishing pliosi>horic acid, potash and lime,

such as ashes, ........ 16

Nitrogen compounds, .such as nitrate of soda, siUt'ate of

ammonia, blood, castor pomace, cottonseed meal and

linseed meal, ........ 68

Potash compounds, ........ 34

Phosphoric acid compounds, ...... 17

In additiou to the above, 3o samples of fertilizer have been

analvzed that were not licensed but which were goods manu-

faetured for private use. These goods were sampled ofticially

by our collecting agents from stock in the possession of the

consumer. This makes a total of 613 analyses which have been

made durinc; the season of 1009.

In some instances, where the results of analysis of a coui-

posite sami)le showed a brand to be seriously deficient in plant

food, a new sample has Ix-en prepared for analysis from each

original sample taken, and separate analyses have been made.

This was done to ascertain if the shortage was general, or con-

fined to one oi" more lots of the same brand. Thii'ty-five such

coiiiplete analyses were made during the seasou from 1 -> com-

posite sitmjjles; 172 more analyses have been made than during

the previous year.
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(d) Trade Values of Fertilizing Ingredients.

Nitrogen: —
In ammonia salts, . .

In nitrates, . . . . . . . . . . .

Organic nitrogen in dry and fine ground tish, meat, hlood and in high-

grade mixed feT'tilizcrs, ........
Organic nitrogen in fine bone and tankage,' . . . . .

Organic nitrogen in coar.se bone and tanliage,' . . . . .

Pho.sphoric acid: —
Soluble in water, ...........
Soluble in ammonium citrate (reverted phosphoric acid), .

In fine ground bone and tankage,' .......
In coarse bone and tankage,' ........
In cottonseed meal, linseed meal, castor pomace and ashes.
Insoluble (in neutral citrate of ammonia solution) in mixed fertilizers,

Pot.ash: —
As sulphate free from chloride.^i, ........
As carbonate, ...........
As muriate (chloride), ..........

The above schedule of trade values was adopted at a meeting

of the station directors and chemists from the New England

and New Jersey experiment stations, which was held in March,

1909. They represent the average cash pound cost, at retail,

of the three essential elements of plant food in their various

forms, as furnished by chemicals and unmixed raw materials,

in the large markets during the six months preceding ]\Iarcli

1, 1909. The trade values for nitrogen and phosphoric acid

are somewhat lower than for the previous year.

The following table shows the average comparative commer-

cial values, the retail cash prices and the percentages of differ-

ence of the licensed complete fertilizers analyzed in Massa-

chusetts during the season of 190.S and 1909: —

Year.
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the manufacturer cannot sell mixed fertilizers at these figures.

He must obtain an advance sufficient to cover costs of manufac-

ture, bagging, agencies, credits, etc. The above differences

do not represent his 2)rofits. These are much smaller, and

are probaWy not excessive in the case of reliable firms. It is

probable, however, that the cash buyer of high-grade unmixed

goods can secure needed plant food in that form at a cost con-

siderably lower than in licensed complete fertilizers, and that

by intelligent selection he can procure materials from which

can be made home mixtures at least equally effective with such

fertilizers.

(e) Summary of Analyses and Guarantees.
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The above table shows :
—

1. That 296 distinct brands of complete licensed fertilizers

were collected and analyzed.

2. That 138 brands ( 4G.G per cent, of the whole nnnil^er

analyzed) fell below the niannfacturer's gnarantee in one or

more elements.

3. That lOV) brands were deficient in one element.

4. That 30 l)rands were deficient in two elements.

5. That 2 brands were deficient in all three elements. In

this connection it might be added that 80 brands were fonnd

deficient in nitrogen, 03 in potash and 28 in phosphoric acid.

6. That 45 ont of the 200 brands analyzed (over 15 ])er cent,

of the total nnmber) showed a commercial shortage. The term

" commercial shortage " means that the brands in qnestion did

not show the quantity and valne of plant food guaranteed,

althongh the excess of any element of plant food was figured in

full valne to offset the deficiencies.

7. That certain manufacturers are either extremely careless

in mixing or else they do not allow a sufficient margin for

variation in the composition of crude stock. In other w^ords,

they try to have their goods run too close to the minimnm
gnarantee.

(/) Commerc'uil SJiortagrs.

The following table has been ]irepared to show the commer-

cial shortages in the mixed fertilizers for !he season of 1009,

also to furnish a comparison with the ]irevious year: —
Commercial Shortages.
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in this State. The largest nnniber occurring are below $1 per

ton, and yet many of the deficiencies are very serions, running

1 per cent, or over below the minimum guarantee. In the table

of shortages, in all cases where an excess of plant food has

occurred the connnercial value of the excess has been used to

offset the commercial shortage resulting from a deficiency in

some of the other elements. This practice is certainly ex-

tremely fair to the manufacturer. We should not lose sight of

the fact, however, that serious deficiencies or excesses change

the essential character of a fertilizer. A prosecution in every

case this vear must, from necessitv, have contained a certain

element of unfairness, as some of the cases of the most serious

deficiencies occurred where the licensee was not the manufac-

turer, and was, therefore, not directly responsible for the compo-

sition of the goods, which were manufactured by parties outside

of the State. Therefore no prosecutions have been made for

shortages. It seemed wise, after a careful review of the situa-

tion, to take up the matter with each manufacturer separately,

and endeavor to secure an adjustment that would be as favorable

as possible to the consumer. It is obviously not possible, how-

ever, to follow such a method year after year. All manufac-

turers whose goods have fallen seriously helow (heir guarantees

have been advised, and all others are hereby informed, that

such conditions cannot continue to exist, and that anotJier sea-

son it will be necessary to prosecule violators of the statute.

(g) Grades of Feri ilizer.

The 323 brands of complete fertilizers may be divided into

three groups :
—

Low-grade fertifizers, having- a commercial value of $18

or less per ton, ........ 83

Medium-grade fertilizers, having a commercial value of

between $18 and $24 per ton, 122

High-grade fertilizers, having a commercial value of over

$24 per ton, 118

The foll(Aving talile has been compiled for the purpose of

making a study (jf the three grades of goods:—
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Table showing lire Pound Cost of Nitrogen^ Potash and the Various

Forms of Plionphoric Acid in ilie Three Grades of Fertilizer.

Nitrogen,

Potash (as muriate),

Soluble phosphoric acid.

Reverted phosphoric acid.

Insoluble phosphoric acid,

Low-grade
Fertilizer

(Cents).

3(;.eo

7.71

e.74

3.85

Medium-grade
Fertilizer

(Cents).

31.08

S.18

C.H

f..73

3.27

High-grade
Fertilizer

(Cents).

26.85

7.07

5. 65

4.95

2.83

The above tal)le shows :
—

1. That nitrogen has cost 9.75 cents more per pound, avail-

al)le phosphoric acid about '2 cents more ]»er jxiimd and potash

2.5G cents more per pound in the average low-grade fertilizer

than in the average high-grade goods.

2. That nitrogen has cost 4.23 cents, the available phosphoric

acid over •V^ of a cent and the potash 1.11 cents more ])er ponnd

in the average medinm-grade fertilizer than in the average high-

grade goods.

o. That every conclusion which can be drawn from the above

table emphasizes the fact that the farmer cannot aibird to pur-

chase low-grade fertilizers.

(7;) Vnivixed Ferlilizcrs;.

Ground Bones. — Twenty-nine samples of ground bone have

been analyzed dnring the inspection of 1009. Eleven of the

brands have been found deficient in ])hosphoric acid and 8 in

nitrogen; 8 brands had a commercial shortage ranging from a

few cents to $2.95 per ton. The average retail cash price for

bone has been $30.-39 per ton, the average valuation $2G.09

and the percentage difference KJ.oT.

Tanlmge. — Nine samples of tankage have been analyzed

and show the nsnal variations in composition; only 1, however,

has shown a serious shortage in nitrogen, and 4 tested low in

phos]:>horic acid. There were no commercial shortages. The

average retail cash price was $30.18, the average valuation

$29.8(1 ai.d I he ]ici'ceiitage difference l.OT. The average cost
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of nitrogen per pound in this material has been 17.1 cents in

fine tankage and 13 cents in coarse tankage.

Dissolved Bone. — Three samples of dissolved hone have been

analyzed, only 1 of which was fonnd deficient in plant food.

No commercial shortages were fonnd. The average retail cash

price was $20, G7, the average valnation $20.09 and the percent-

age difference 28.90.

Dry Ground Fi-sJi. — Twenly samples of dry gronnd fish

have been examined, of which 9 were fonnd deficient in nitro-

gen and only 1 in phosphoric acid. Six l)i'aii(ls showed a com-

mercial shortage ranging from a few cents to $1.89 per ton.

The average retail cash price was $38.90, the average valua-

tion $30.13 and the percentage difference 7.83, Nitrogen from

dry fish has cost, on the average, 23.88 cents per ponnd.

Wood Ashes. — Thirteen samples of ashes have been ana-

lyzed, of which 3 were found deficient in phosphoric acid and

in potash. Six of these samples showed a commercial short-

age ranging from 32 cents to $1.10 per ton,

(1) XUvofjcn f'om pounds.

Sulfate of Ammonia. — Three samples have been analyzed

and found well up to the guarantee. The average cost of nitro-

gen per ponnd in this form has been 17.53 cents.

Nitrate of Soda. — Thirteen samples have been analyzed,

only 2 being found deficient in nitrogen. The average cost of

nitrogen per jwund in form of nitrate of soda has been 17,11

cents.

Dried Blood. — Two samples of this material were examined

and found deficient in nitrogen ; each contained sufiicient phos-

])horic acid, however, so that there was no commercial shortage.

The average cost of nitrogen from blood has been 25.57 cents

per pound.

Castor Pomace. — Four samples of castor pomace have been

analyzed, 1 sample only being found deficient in nitrogen, and

this equivalent to $2.30 per ton. The average cost of nitrogen

in this form has been 23.07 cents per pound.

Linseed Meal. — Three samples of flax meal have been tested

and the nitrogen guarantee has been maintained in each in-
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stance. The nitrogen from this sonree has cost, on the average,

26.47 cents per pound.

Cottonseed Meal. — Forty-three samples of cottonseed meal

have heen examined. This has heen the product from six com-

panies which have licensed this uiaterial to he sold as a fertilizer

in Massachusetts during the past year. This material, like

the castor pomace, and linseed meal, is hought largely as a

nitrogen source for tobacco. Seventeen out of the 43 samples

analyzed show a nitrogen shortage ranging from a few cents to

$2.39 per ton. Xitrogen froui cottonseed meal has cost, on the

average, 23.(il cents per pound.

(2) Potafili Compounds.

Carbonate of Fotasli. — Three samples have heen analyzed

and all of them were found to he of good quality. Potash in

this form has cost, on the average, 7.08 cents per pound.

High-grade Sulfate of Potash.— Nine samples have been

analyzed and the potash guarantee was maintained in all hut

3 of them. The pound of potash has cost in this form, on the

average, 5.03 cents.

Potash-magnesia Sulfate. — Six samples have been analyzed

and in every case the potash guarantee has been maintained.

The pound of actual j^otash has cost in this form 5.41 cents.

Muriate of Potash. — Thirteen samples have been examined

and only 2 samples have shown a potash shortage, amounting to

a few cents per ton in value. The pound of actual potash in

form of muriate has cost, on the average, 4.18 cents.

Kainit. — Three samples have been analyzed, all testing-

over the minimum guarantee in potash. The average ])ouiid

cost of jiofash from kainit has been 0.13 cents.

(3) Phosphoric Acid^ Compounds.

Dissolved Bone Blacl-. — Three samples have been examined

and all were found of good quality. The pound of available

phosphoric acid from this source has cost, on the average, 7.41

cents.

Arid Phos])haie. — Seven samples have been analyzed and
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the available phosphoric acid guarantee was maintained in all

but 1 instance. The pound of available i^hosphoric acid from

this source has cost, on the average, 5. 69 cents.

Basic Blag Phospliate. — Six samples have been examined

and the available phosphoric acid in all but 1 sample has run

somewhat under the amount guaranteed. There has been a

commercial shortage in only one instance, however, as the de-

liciency was made up by an excess of insoluble phosphoric acid.

The pound of available phosphoric acid (by Wagner's method)

from slag has cost, on the average, 5.79 cents.

(/) ]\IisceIIaneous FeiiiJizer.<^, Soils and Bij-produds for Free

Analusis.

As in the past, free analyses have been made for farmers and

others interested in agriculture so far as our time and facili-

ties would warrant. Work of this nature, however, has been

done when it would ]iot conflict with the official inspection of

commercial fertilizers. Including the materials which have been

tested for the various departments of the experiment station,

385 analyses have been made. They may be grouped as fol-

lows: 292 fertilizers and by-products used as fertilizers, 68

soils and 25 samples of miscellaneous materials. Information

has been furnished each applicant at the time the results of

analyses were reported as to the best method of using ferti-

lizer materials, also as to their average commercial value. In-

formation has also been furnished with soil analyses as to the

best method of treating the soil, also as regards the fertiliza-

tion of the same. Both the fertilizer materials and soil samples

have been taken according to instructions furnished from this

office, and are therefore in all cases representative samjdes.

These analyses do not appear in our fertilizer bulletin.

The fertilizer section has, as in past years, been active in co-

operative work with the Association of Official Agricultural

Chemists, and also with the fertilizer branch of the American

Chemical Society.
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6. Resume of Work of the Feed and Dairy Section.

Mr. P. H. Smith, in charge, snhmits the following report: —

(a) The Feed Law.

During the past year 946 samples of feed stuffs offered for

sale in the Massachusetts markets were collected hy the official

inspector. These have been examined, and the results are being

brought together for juiblication in l>ullctin form.

Practically no misrepresentation was detected, although in

a num])er of instances feed stuff's lacked the guarantee and other

information required by the statute. Wherever dealers appeared

to be particularly careless in this respect the matter was pnt into

the hands of an attorney for settlement, but thus far in every

case a satisfactory agreement has been made without resorting

to the courts. In the future it is the intention to prosecute

where dealers cannot l)e brought by less di-astic means to com-

ply with the law. The requirements of the Massachusetts law

are simple and explicit, and afford ])rotection to the reputable

dealer as well as to the consumer, therefore the continued

evasion of the law by a few dealers is inexcusable and should

not be tolerated.

The extent to which the national pure food law aids in pre-

venting adulteration and misrepresentation where feeds enter

into interstate commerce is perhaps not known and appreciated

as it should be. State officials and others in close touch witli

the work can see that its eft'ects are far reaching and of great

assistance to those engaged in local control work.

Cottonseed meal, usually one of the cheapest sources of protein

for the Massachusetts dairyman, has for the ])ast season been

quite satisfactory in quality. The results thus far obtained

for new meal indicate that, on account of the short cotton crop

of the present season, conditions will be much the same as for

the season of 190G-0T. In spite of the excessively high ])rice

many dealers have sold short, and considerable slightly inferior

meal is being offered. This nmy be accounted for in part by

the poor quality of the seed, Init it is felt, in some instances at

least, that hulls and linters are intentionally added.
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(1) Low-grade Bij-producis should be sold under their True

Names.

On account of our increasing population and prevailing' high

prices, it is becoming more and more necessary to utilize all

by-jiroducts having any substantial food value in the feeding of

our domestic animals. AYhile screenings, weed seeds, oat hulls,

corn cobs, cottonseed hulls and other low-grade material may

contain some nutriment, the foregoing statement should not be

taken to indicate that a compounded feed containing one or

more of these materials, together with some high-grade con-

centrate, is just as valuable as the high-grade concentrate it-

self. Where such a mixture is offered at its face value, and

no misrepresentation attempted, it is certainly a legitimate

article of trade, and should be so recognized. The writer firmly

believes, however, that, in order that the consumer may purchase

intelligently, the ingredients going to make up a compounded

feed should be stated on each package, but no legislation

absolutely prohibiting the sale of low-grade material should be

enacted unless it can be shown that certain kinds of material are

poisonous or injurious to the animal.

The molasses feeds, of which there is an increasing number,

form an excellent outlet for certain kinds of low-grade mate-

rial,— especially screenings, — the molasses rendering them

more palatable. Most of the manufacturers now grind the grain

screenings before using them as a constituent of these feeds.

There are various feeds now ofl'ered which contain more or

less ground alfalfa. It is believed that feeders cannot afford

to pay grain prices for alfalfa hay, even when fine ground ; it

is decidedly juore economical to purchase the high-grade con-

centrates unmixed, and to depend upon home-grown English

hay, alfalfa, clover hay and corn silage as sources of roughage.

(2) Froieui v. Carbohydrates.

Many manufacturers claim that the experiment stations

]ilace too much emphasis upon the value of protein and too

little emphasis upon the value of carbohydrates. This station

has never questioned the value and necessity of liberal amounts

of carbohydrates in the ration. The question is rather an
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economic one, especially for the New England feeder, who,

nnder our climatic conditions, e^n easily raise a sufficient quan-

tity of carbohydrates and must depend largely upon purchased

protein to balance or round out the ration, particularly in the

feeding of dairy animals.

(3) Weight of Feed Stuffs.

Up to this time we have paid but little attention to the weight

of feed stuffs. Data recently brought together show that while

the feed law states explicitly that the net wciglit of each pack-

age should be stated, the practice has been, except in a few

instances, to state gross Aveight as net. When feed stuffs sold

for $15 a ton and less, the difference in vahie between net

and gross weight of sacked feeds amounted to comparatively

little, but at the present time the " value difference " is much

greater. In a few instances what appear to l)e a deliberate at-

tempt to give short weight was noted, and consumers should

be on their guard against such deceptiou.

(4) Unifonii Fcnl Lnir.

It was the writer's pleasure to attend, during September, a

conference between a committee of the iVmerican Feed Manu-

facturers' Association and State control officials, held at Wash-

ington, in the interests of a uniform feed stuffs law. The

decision of the conference was that such a law should be as

simple as possible, and that a buyer of any feed stuffs should

be informed of the following points :
—

1, The number of net pounds in the package.

2. Name, brand or trademark.

8. Name and principal address of the manufacturer or jobber

responsible for placing the commodity on the market.

4. Its chemical analysis expressed in the following terms:

{a) minimum ]>ercentage of crude protein, {h) minimum per-

centage of crude fat, and (c) maximum percentage of crude

fiber.

5. If a compound or mixed feed, the specific nauie of each

ingredient therein.

The Massachusetts law does not require a guarantee of fiber

or a statement of ingredients in a compounded feed, and it is
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felt that if the present law couhl be amended to contain these

statements it would be materially strengthened.

(h) The Dairy Law.

The work required by this act is divided into three natural

subdivisions: (1) the examination of candidates, (2) the test-

ing of glassware, and (3) the inspection of machines.

(i) Examination of Candidates.

During the past year 25 candidates have been examined for

proficiency in Eabcock testing. Of these, 14 were students at

the ten weeks' winter course and 3 were students in the regiilar

college course; the other 8 held positions in difterent parts of

the State. All candidates were at least fairlv proficient and

capable of doing good work. At the last session of the Legis-

lature, section 4 of the dairy law (chapter 202 of the Acts of

1901) was so amended as to give the director of the experiment

station power to revoke the certificate of an operator providing

it is found that he is not doing satisfactory work. Following

is the section as amended :
—

Section 4.^ No person shall, either by himself or in the employ of

any other person, firm or corporation, manipnlate the Babcoek test

or any other test, Avhether mechanical or chemical, for the purpose

of measuring the butter fat contained in milk or cream as a basis for

determining' the value of such milk or cream, or of butter or cheese

made from the same, without first obtaining a certificate from the di-

rector of the Massachusetts" agricultural experiment station that he

or she is competent to perform such work. Rules governing applica-

tions for such certificates and the granting of the same shall be estab-

lished by the said director. The fee for issuing the said certificate

shall in no case exceed two dollars, shall be paid by the applicant to

the said director, and shall be used in meeting the expenses incurred

imder this act. If the duly authorized inspector finds an operator who,

after receiving his certificate of competency, is not, in the judgment

of the inspector, cori-ectly manipulating the Babcock or other test

used as a basis for determining the value of milk and cream, or who
is using dirty, untested or otherwise unsatisfactory glassware, he shall

immediately report the case in writing to the director of the station.

The director shall at once notify said operator in writing and give him

1 See chapter 425, Acts of 1909.

2 Massachusetts substituted for Hatch. Sec chapter G6, Acts of 1907.
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not less than thirty days to make the necessary improvements. At the

expiration of that time the director may order a second inspection,

the cost of which shall be borne by the operator or by the person,

firm or corporation employing him, and if the reqnired improvement

has not been made, the director is empowered to notify in writing

said operator, or the person, fiim or corporation employing him, that

his certificate of competency is revoked. In case of any subsequent

violation the said director may revoke the certificate of competency

without giving the notice aforesaid.

(2) Testing Glassware.

During the past year 4,071 pieces of glassware were examined,

of which 43 pieces, or 1.06 per cent., were inaccurate. Follow-

ing is a summary of the work for the nine years that the law

has been in force :
—

Year. Number of
Pieces tested.

Number of
Pieces

Condemned.

Percentage
Condemned.

1901,

1902,

1903,

1904,

1905,

1906,

1907,

1908,

1909,

Totals,

5,041

2,344

2,240

2,026

1,665

2,457

3,082

2,713

4,071

25,639

2'Jl

56

57

200

107

763

204

33

43

1,844

6.77

2.40

2.54

9.87

11.83

31.05

6.62

1.22

1.06

.19>

The passage of this law has prevented 1,844 pieces of in-

accurately graduated glassware, representing 7. ID per cent., of

the entire number tested, from coming into use.

(3) Inspection of Bahcock Machines.

In 1901, at the time of the first annual inspection, there were

in Massachusetts 40 creameries and milk de])ots using the

Babcock test as a basis for fixing the value of milk and cream.

Owiug to the increasing demand for milk, many creameries

have cither suspended operations or have been bought u]) ])y

I Average.
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the large Boston milk c'oiii])anies, so that at the i)resent inspec-

tiou (November, 1909) Ijiit 20 places were visited, of which 16

were creameries, 11 milk depots, 1 city milk inspector and 1

chemical laboratory. Ten of the creameries were co-operative

and G proprietary. The 11 milk depots were in every case

proprietary. Twenty-nine machines were inspected, of which

2 were condemned, but on second inspection a few weeks later

they were fonnd to have been put in good condition. Those in

nse are 11 Facile, 8 Agos, 6 Electrical, 3 Wizard anc] 1

Twentieth Century. The glassware, as a whole, was clean, and

so far as noted was Massachusetts tested. It is believed, on

account of worn bearings and carelessness in keeping them clean

and well oiled, that an excess of steam is necessary in many
cases to give the required speed. Care should be taken to see

that steam machines do not overheat the tests, which should l)e

read between 120° and 140° F.

The creameries and milk depots whicli pay by the test are

as follows :
—

•

Creamerifs.

Location Name. President or Manager.

1. Amherst, .

2. Ashfleld, .

3. Belchertown,

4. Brimfield, .

5. Cheshire, .

G. Cumraington,

7. Egreraont,

8. Easthanipton,

9. Heath,

10. Hinsdale, .

11. Monterejs .

12. New Salem,

13. North Brook fle

14. Northfleld,

15. Shelbnrne,

16. Wyben Springs,

Amherst, . . . .

Ashfleld Co-operative, .

Belchertown Co-operative, .

Crystal Brook,

Greylock Co-operative,

Curamington Co-operative, .

Egremont Co-operative,

Hampton Co-operative,

Cold Spring, ....
Hinsdale Creamery Com-
pany.

Berkshire Co-operative,

New Salem Co-operative,

North Brookfleld, .

Xortlilield Co-operative,

Shelburne Co-operative,

Wyben Springs Co-opera-
tive.

\V. A. Pease, manager.

Wm. Hunter, manager.

G. B. .Jackson, manager.

F. N. Lawrence, proprietor.

Carl Williams, manager.

W. E. Partridge, manager.

E. A. Tyrrell, manager.

W. S. Wilcox, manager.

F. E. Stetson, manager.

W. O. Solomon, proprietor.

F. A. Campbell, manager.

W. A. Moore, president.

H. A. Richardson, propri-
etor.

C. C. Stearns, manager.

Ira Barnard, manager.

C. H. Kelso, manager.



66 EXPERIMENT STATION. [Jan.

.1////; Drpof.^.

Location.
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(d) Aitalijsis of Drinl-iiig Water.

Since the estal)lishinent of the station in 1882, sanitary

analyses of drinking water have been carried ont for parties

within the State. Beginning Jan. 1, 1!)03, free analyses were

discontinned, and a charge of $3 a sample made. The reason

for this change was the fact that many parties abused the privi-

lege, and also becaiKe w^ork of this character interfered with

legitimate experiment station work. The above charge must be

paid when the sample of water is sent. During the year 91

samples have been tested and the results promptly reported.

In order to secure an analysis application must first be

made, whereupon a suitably encased glass jar, together wdth full

instructions for collecting and forwarding the sample, will be

forwarded by express. An analysis of water sent in shi])pers'

jars will not be undertaken, neither will l)acteriological nor

mineral analyses be made. The object in offering to make an

examination of water is to enable the citizens of the State, de-

l)ending upon wells and springs, to ascertain at a minimum ex-

pense Avhether their supply is free from sntdi objectionable

niatter as is likely to gain entrance from sink, barn or iu"ivy.

Such an examination is referred to as a sanitary analysis.

Lead pipe should never be employe<l for carrying drinking

water; in case it is in use it should be removed at once, and

galvanized iron or ii-on coated with asphaltuni substituted.

Lead is a poison and after it has entered the system it is elimi-

nated only with the greatest difficulty.

(e) Miscelhineous.

In addifinn to ihe work already described, this division has

eondueted investigations and made other analyses as follows: —
1. It has co-operated with the Official Dairy Instructors

and Investigators Association in a study of the Babcock test,

the results of which are published elsewhere in this report.

2. It has made an investigation on the use of the Zeiss im-

mersion refractometer in the detection of watered milk, the

results of wdiich are likewise published in the present report.

3. It has co-operated with the Association of Oflicial Agri-
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cultural Chemists in a study of nictliuds for the deterniinatimi

of the various ingredients in condensed milk.

•i. It has co-operated with the Association of Official Agri-

cultural Cliemists in a study of methods for the deterndnation

of total nitrogen.

5. In connection with the experimental work of this and other

departments of the experiment station, this division has made

jiartial analyses of 191 samples of milk, 157 samples of cattle

feeds and 520 samples of agricultural plants.

(f) Testing of Pure-hrcd Cows.

The work of testing cows for the various cattle associations

has increased considerably during the past year. At the pres-

ent time two men are kept on the road a greater part of the

time on Avork in connection with the Jersey, Guernsey and

Ayrshire tests. The rules of the al)ove associations require the

presence of a supervisor once each month at the farms Avliere

aninuds are on test. The milk yields noted by the supervisors

at their monthly visits are used in checking up the records re-

ported by the owners to the several cattle clubs. The Babcock

tests obtained at that time are likewise reported and used as a

basis for computing the butter-fat yield for that month.

The TIolstein-Friesian tests are of much shorter duration,

usually seven or thirty days, and re(piire the presence of a super-

visor during the entire test. These tests give rather irregular

employment to a number of men during the w^inter months. On
account of the uncertainty of the work such men are difficult

to obtain, but thus far it has not been necessary for the experi-

ment station to refuse an application.

During the past year 1 seven-day and 3-3 yearly Guernsey,

5 seven-day and G6 yearly Jersey, and 8 yearly Ayrshire tests

have l)cen completed. For the IIolstein-Friesian association

77 sevoii-day, 3 fourteen-day, 8 thirty-day and 1 sixty-day tests

have been completed. There are now on test for yearly records

80 Jerseys, 29 Guernseys, 9 Ayrshires and 1 Ilolstein.



1910.] PUBLIC DOCUMENT— No. 31. 69

REPORT OF THE BOTANISTS.

G. E. stone; g. h. chapman^ assistant.

The routine work of the botanist for the past year lias been

similar to that of other years. Correspondence relating to

various diseases and special problems has occupied much time,

and investigations of various problems have been taken up.

In carrying out the details connected with the routine work

and investigations we have had the assistance of Mr. G. H.

Chapman, and in the keeping of records, seed testing and cor-

respondence, IVIiss J. V. Crocker has been of nuich assistance.

Mr. R. I). Whitmarsh, who is pursuing graduate studies at

the college, has aided materially in the diagnosis of diseases

and in other ways about the laboratory.

Diseases More or Less Common to Crops during the Year.

The season of 1909 was exceptionally dry, like that of 1908,

and vegetation sutfered materially. Some rain fell in the

early spring months, but the average precipitation was below

the normal. The summer was remarkably free from thunder-

storms. The growing season 02:)ened later than usual and

vegetation was a week or two behind throughout the whole

season, some crops not maturing as well as in other seasons.

Little or no winter injury was observed to vegetation, but

late frosts in the spring affected asparagus in some locali-

ties. The injury was in some respects similar to a trouble

which has been previously reported on as being associated with

a fungus {Fusarhim).

Some cases were noted of defoliation of apple trees by

frost blisters, caused by the effects of late spring frosts.

Besides the usual number of fungous diseases commonly met

with, the following may be mentioned as being more or less

abundant, and worthv of note for other reasons.
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The past season lias been a favoral)le one for rnsts in gen-

eral. Apple rust (Pucrinia), wliieh is seldom present, was

more or less abnndant, as in the season of 1908, and affected

both foliage and fruit. Certain varieties seemed to be

more susceptible than others. Some bad cases of l)ean rust

(Uromyces) were noted here and there. This rust, like the

one on the apple, is seldom troublesome with us. Hawthorns

were affected more severely than usual with rust, resulting in

some damage to nursery stock. The wild species of hawthorn

is seldom immune to rust, but there is usually no comjilaint of

nursery stock rusting. Quince rust {Gymnosporangiiiin ), which

is alwavs to be found, was more abundant than usual. Some

severe cases of rust (Phragmidiuni ) were also noted on the rose,

and powdery mildew (SphcerotJicra) was (juite prevalent.

Peach leaf curl (E.roascus) was occasionally observed, but

was not troublesome.

A bacterial wilt of the egg])laut, whi(di is more common in

the south, was reported once or twice.

One severe case of beet scab (Oo>;porn) was also observed.

In this particular case the soil had been limed, which sul)-

stantiates the fact that liming the S(til increases scab materiallv.

While witli us the beet is not so susceptible to scab as the ])otato,

care should be taken not to plant beets where scab is abund-

ant, and special precautions should be taken in applying lime

to the soil.

Potatoes were generally free from troubles, but some cases

of Rhizocfoiiia were observed ; also a bacterial rot of the tuber.

Dropsical swelling of pear twigs, a more or less uuusmd

trouble, was reported at different times, and the Baldwin iViiit

spot, which appears to be more cominim in dry than Avct sea-

sons, has been quite prevalent.

The leaf spot of ap})le (PhyUosticta) was very abundant

early in the season and caused considerable defoliation.

More or less sevei'c injury has resulted to peacdi and ])hini

trees the last year or two fi-om what is known as " gum-

mosis." This disease is ap]')arenlly cansed, at h^ast in nniny

cases, hy leax'ing the old '' niuniniicd '' frnit affected witli

l\Tonilia on the ti'ees over winter. These "mummied " ])]unis,

contaniinatcd with funa-i, come in contact with the branches and
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cause '' guiniuo.sis." This trouble is ikiw being' studied in tlie

laboratory aud Held.

The blosseni-eiid rot df tduiatoes, a dry-season disease, was

quite eouiuKiu, causing considerable injury. A lilx'ral supiily

of soil Jiioislurc during the period of setting fruit is the best

remedy for this trouble.

The downy mildew of the cucumber and melon {VJa^ino-

pa?'a) occurred as usual duriug August and September, affect-

ing both out-of-door crops aud those under glass, while .1//-

thracnose {ColletotrichiDn ) was not so destructive as in some

seasons.

The leaf spot caused by AUcriiarid was quite general on ihe

foliage and fruit of the nuiskmelon aud watermelon, but a

large field of rust-resistant melons was found on September 7

to be absolutely free from any l)light. Since spraying melons

for blight has proved to be of little value, it is desirable to use

types which are immune to the blight. The best method of

growing melons in this climate consists in selecting an early,

sandy soil, with warm exposure. The soil should be thoroughly

tilled, and the plants set out early, blight-resisting varieties be-

ing used. A location as free as possible from frequent dews

should be selected, and manure in the hills is superior to ferti-

lizers, since it gives the plant better soil conditions. It is best

to start the plants early in ])ots or strawberry boxes under

glass, and transplant to the open lield. jS^ative muskmelons

are far superior to the half-matured imported product, and a

ready market awaits the successful grower.

Siiade-trep: Troubles.

The rainfall during the early spring months revived vege-

tation in general from the effects of the se^'ere drought of the

preceding season. This stimulated trees and shrubs to assume

a healthy appearance and produce a good cro]:) of foliage. The
succeeding months, however, were very dry, and considerable

defoliation of shade and fruit trees occurred in June and July.

The long period of drought resulted in a premature colora-

tion of the foliage, and consequent early defoliation.

Occasional high winds, with lack of soil moisture, caused

sun scorch, particularly to maples. Some of the defoliation,
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particularly that of the elm, was caused bv squirrels, and some

was due to a natural shedding of the twigs. DothideUa ulmi,

a leaf-spot fungus occasionally found on elms, was unusually

abundant rather early in the season, and this was also re-

sponsible for much loss of foliage.

The Italian poplar Avas more severely affected with the rust

{Melampsora) than usual, and the twigs and leaves of the ash

suffered from a similar fungus to an unusmd extent. Horse-

chestnut foliage was badly affected with a leaf spot {PhyJlo-

sticta), and a black spot {Bhytisjua) more or less common
every year on the white maple was unusually a])undant. It was

more common on the white maple than usual, and the leaves

of the red maple were literally covered with it.

Ivy (Ampelnpsis) was affected with a leaf s])ot. In some

localities quite a few maple trees were killed by sun scald, while

others were scalded only on their southern exposure. Following

this outbreak of sun scald, Nectria, a fungus of saprophytic

habit, developed freely.
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REPORT OF THE ENT0:M0L0GISTS.

C. H. FERNALD ; II. T. FERNALD ; J. N. SUMMERS.

The work of the department of entomology during the year

1909 has differed little from that of preceding years. Corre-

spondence, as usual, has required much time, and many inquiries

involve consideraljle investigation where some of the less fa-

miliar insects are concerned. This has been particularly true

during the past season, the number of insects concerned having

been larger than usual, though serious injury from their attacks

has been rather conspicuously absent.

Experimental work in some subjects has been continued from

previous years, while in others it has been temporarily sus-

pended. The construction of the new entomological building has

necessitated giving up the use of the present greenhouse, as this

was liable to removal to its new site at any time, and when this

should occur any experiments under glass would necessarily

come to an end. For this reason further tests of the resistance

of muskmelons to fumigation have been discontinued for the

present, but it should be possible to resume them another year.

Studies on the number and relative importance of the different

broods of the codling moth have been continued, but the orchard

in which these have been made thus far has now been taken for

other uses, and has been so treated that it is no longer available

for this purpose. Unless another orchard, under conditions

suitable for the work, can be obtained, this line of investigation

will, therefore, have to be dropped, although in order to reach

satisfactory resulls it should be continued for at least four or

five years more.

Experiments on methods for the control of the cabbage maggot

have been repeated again, l>iit without satisfactory results, the

maggots, though more abundant than during the two years pre-
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ceding, being still too scarce to give results which could be con-

sidered entirely trustworthy.

Observation of the dates of appearance of the 3'oung of onr

common scales have been continued, adding the records of an-

other year to those already in hand. This work will also need

to be, continued for a number of years in order to provide data

of sufficient value for general use.

The experiments for the control of the onion thrips have

proceeded far enough to show that spraying the onions after this

insect has appeared on them is, at best, only a partial remedy.

One of the results of the work of this pest is to curl the leaves of

the onion, and the insects at once gather on the inner side of the

curled surface, so that many of them cannot be reached by the

spray, though those which are reached in this way are destroyed.

A study of the life history of these insects shows that they pass

the winter at the top of the ground in protected places, such

as are furnished bv dead o-rass around the onion fields, in rub-

bisli heaps and similar places ; and a few attempts to destroy

them by burning over the grass and rubbish around the ii(dds

have been followed by a reduction in the abundance of the insect

the next spring. This method of control has not as yet been

tested long enough to prove that the result was actually due to

the treatment rather than to merely natural causes, but, in any

case, it seems to be the most promising way we have yet found

to check this insect, and it should be repeated until its value has

been fully determined.

Perhaps the most important entomological event of the year

at the station was the discovery of an egg parasite of the common

asparagus beetle, which was found actively at work about the

first of June. Observations on this insect, its habits and life

history, have been published as Circular No. 23 of the station,

and also in the '" Journal of Economic Entomology."

The control of wire Avorms, attacking seed corn in the ground

soon after it has been planted, is important, as these pests,

when abundant, often necessitate the replanting of many acres.

Experiments to prevent the attacks of this insect have been

cai-ricd on by ]\Ir. Palpli H. Whitcomb of Andierst, and his

ingenuity has discovered that when the corn, when planted, has

been covered with tar as a repellant for crows, as is qnile gener-
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ally done in this locality, and then treated with a mixtnre of

Paris green and dnst until a greenish color is perceptible, it will

not be eaten by wire worms. These experiments will be repeated

the coming year.

Within the last twenty years Massachnsetts has been in\'aded

by several injnrions insects which naturally belong farther

sonth. Among these may be mentioned the elm-leaf beetle, San

Jose scale, common asparagus beetle and the twelve-spotted

asparagus beetle. How far north these pests can spread and be

injurious is as yet unknown, but it is certain that there are

Ji'mits to this spread, and for at least some of those named it

seems quite certain that these limits may probably be found

within this State. It is not a ])articular degree of latitude

which marks the barrier to their further spread northward, l)ut

rather climatic conditions, and these are modified by elevation.

In other words, the limiting lines of distribution appear to be

isothermal in their nature, though their exact character is as yet

unsettled. It may be the average winter temperature, the mini-

nnim winter temperature or some other factor which settles

whether an insect shall be a pest at an}' given place near its

northei-n limit. In any case, the determination of this cause,

and the resnlting couclusion that an insect will or will not

become injurious at a given place, will be of much importance.

As an example of this it may be stated that such evidence as is

now available, though as yet too little to be conclusive, suggests

the belief that in Massachusetts the elm-leaf beetle will not be

likely to be of much importance in those parts of the State

which are more than a thousand feet above sea level, except,

perhaps, near the southern edge of the State, where the altitude

is to some extent offset by the more southern latitude. To work

out problems of this nature fuller meteorological data are needed,

as well as more observations of the distribution of the insects

themselves, and studies of this kind have been in progress for

several years, and wnll be continued.

Parasitism as one of nature's methods for the control of in-

jurious forms has long been recognized. It has been utilized

in numerous cases by man, w^ho has conveyed parasites from one

country to another to attack their hosts, which have already been

by accident thus transferred. Perhaps the most gigantic experi-



76 EXPERIMENT STATION. [Jan.

ment of this kind is that now l)eing conducted by the Bureau of

Entomology of the United States Department of Agriculture

and those in charge of the gypsv moth work in Massachusetts, in

importing from the old world the parasitic and other enemies of

the gypsy and brown-tail nir.ths, in the hope that they may be-

come established in this country and bring these pests under

control.

No one seems to know, how^ever, how eifective parasites really

are; conceding their importance, we have only the most general

statements on the subject, and almost the only paper giving

more than these is a short one by Dr. L. O. Howard, entitled

" A Study of Insect Parasitism."

It would seem most desirable to substitute statistics for guess-

work on a subject so important as this, and therefore the scope

of parasitism by the insects of a restricted group, the conditions

favoring and checking it, and all the factors entering into the

problem have been taken up for ]u-olonge(l study, and it is hoped

that tangible results may in time replace the vague generaliza-

tions on this subject which, thus far, are all that have been

availal)le.

Investigations on spraying have been continued since the last

report, but with disappointing results. As was stated last year,

the first step was to obtain pure spraying materials, and it was

supposed that these were available, as reliable manufacturers

offered them as such. To be certain, however, these were ana-

lyzed, and the results showed that the materials were not as

pure as was necessary for the purpose, making it necessary to

make these materials at the station. This has held up the work

to some extent, for while considerable time was spent in applying

the materials to various plants, and watching the results, the

later discovery of the unreliability of the materials used has

made valueless the experimental work done with them. New
spraying materials made here must, therefore, be obtained to

use in these experiments, in order to obtain the results needed

as a basis for the study of the commercial materials which is to

follow, and at present the work is at a standstill till these ma-

terials can be prepared. It is expected, however, that they will

be available for use during the coming summer.
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THOMAS SLAG. A SHORT HISTORICAL
REVIEW.

BY J. B. LINDSEY.

Thomas slag, or basic phosphatic slag, is a by-product in the

modern method of steel manufacture from ores containing notice-

able quantities of phosphorus. The process of removing the

l)hosphorus from the ore was discovered by the English en-

gineers Gilchrist and Thomas, and, briefly stated, consists in

addinc: to the so-called converter containing the molten ore a

definite quantity of freshly burnt lime, which, after a powerful

reaction, is found to be united with the phosphorus, and swims

upon the surface of the molten steel in the form of a slag.

Composition^ of the Slag.

The composition of the Thomas or Belgian slag varies accord-

ing to the character of the ore and the success of the process for

removing the impurities. The following figures show such vari-

ations:^ —
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Manueial Value of Slag kecognized.

The maniivial value of the slag was not recognized for a long-

time ; finally experiments revealed that a considerable portion of

its phosphoric acid was soluble in dilute citric and carbonic

acids, which led to successful field experiments. The only prep-

aration of the slag for fertilizing purposes, when its value was

first recognized, consisted in haviug it finely ground in espe-

cially prepared mills, so that 75 per cent, would pass through a

sieve with perforations of .17 millimeter diameter. This re-

quirement was suggested by M. Fleischer, who used the slag

with much success in improving the condition of marsh and

meadow lands.

]\[KTirODS FOR DETERMINING AVAILABILITY AND AdULTERATIOX.

Previous to 1800, by means of pot experiments as well as by

laboratory investigations, Wagner demonstrated that the phos-

phoric acid in different slags of the same degree of fineness

varied in its availability from 30 to 00 or more per cent., and,

further, that many brands Avere adulterated with Belgian or

other insoluble mineral phosphates.

The previous method, therefore, of determiniug the value of a

slag by the percentage, of total phosphoric acid present aud the

degree of fineness, was of secondary importance.

In order to detect adulteration with mineral ph<;)sphates,

Wagner originally used a dilute solution of citrate of ammonia

and free citric acids. -^ The phosphoric acid in all of the mineral

phosphates was sparingly soluble in such a reagent, while an

unadulterated high-grade slag gave up 80 to 00 parts of its phos-

phoric acid. Further investigations on various soils with many
brands of slag made it clear that the residts obtained from pot ex-

periments corresponded quite avcII with those secured by means

<:>f the citric acid solution. This may be illustrated as follows :
—

' Chemiker Zeitung No. 63, 1895; also Dunguiigsfra};cn Heft I., p. 1(5, von P. Wagner,
1896.
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Brand of Slag.
Phosphoric Acid avail-

able in Citric Acid
Solution.

Phosphoric Acid avail-

able in Pot
Experiments.

1,

o

3,

4,

i),

6,

7,

8,

9,

10,

n,

100

sr,

81

72

73

76

39

48

42

4.5

38

100

80

72

72

66

63

40

38

38

31

30

Results similar to the above were secured by Maercker/ who

stated that '^ the results removed all doul)t that the citrate solu-

bility and plant experiments were so nearly proportioned that

one had the same right to ^•alue the slag according to its content

of phosphoric acid soluble in citrate solution as to value a super-

phosphate by its content of water soluble phosphoric acid."

As a result of these investigations, the union of German ex-

periment stations, at its meeting at Kiel in September, 1896,

adopted the method of determining the relative value of the

slag according- to its phosphoric acid solubility in a S per cent,

citric acid solution, and did away with the previous standard

of total })hosphoric acid and fineness.

Wagner as well as Maercker repeatedly called attention to the

fact that experiments both in the laboratory and with plants

gave positive evidence that those slags of like phosphoric acid

content which were ricliest in silicic acid gave the best results.

G. Hoyermann, working independently, came to similar con-

clusions. At the present time, according to Wagner, practically

all of the iron works treat the molten slag as it flows from the

converter with hot quartz sand, with the result that the avail-

• Landw. Preese 1895, No. 82.

2 Methofl Rliifflitly modified from the original. Present method described in Konifr's

Untersuchung landwirtschaftlich und gewerblich wichtiger Stoffe. Dritte Auflage, pp.173,
174.
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ability of the i^hospboric acid is improved from 10 to 30 per

cent.^

Chemical Combination of Phosphoric Acid in Slag.

The form in which the phosphoric acid exists in the slag has

never been fully explained. It was formerly supposed that it

was combined Avith lime as a tetra-calciura phosphate, and that

this latter compound, being less stable than tri-calcium phos-

phate, under the influence of dilute acids became easily available

to the plants by being decomposed into the calcium salt of the

dissolving acid and bi-calciuin phosphate. The tetra-lime phos-

l)hate, however, has never been made artificially,^ although it

has been recognized by the aid of the microscope in the slag,

and exists as a mineral under the name of isoklas.

More recent investigations having sho^^'n, as already indicated,

that those slags richest in silicic acid of like phosphoric acid

content gave the best results, the conclusion followed that a part

of the lime must be in the form of lime silicate. It is now

generally held, especially by Wagner,'^ that the phosphoric acid

is combined in the slag as a double salt of tri-calcium phosphate

and calcium silicate, and that in this form the roots are able to

utilize it. It is also believed probable that some of the j)hos-

phoric acid is more or less united with iron as a basic iron

I)hosphate.

The Use of Phosphatic Slacj.

Basic slag has been shown to work especially well upon sour

marsh and meadow lands, upon porous, well-aired soils rich in

humus, as well as upon sandy soils deficient in lime.

When a rapid development of the crop is not desired, the slag

nuiy ])e M^^cd exclusively in jjlace of acid phosphate. On the

othei- hand, in easels Avhen it is feared that thf cmp will not

mature early enough, upon heavy, cold land and in high alti-

tudes, where the season is short, acid phosphate should be given

the preference.

» Already citefl, p. 28; alf=io, Anwendung Kiinstlicher Diingemittel, vlerte Auflage von

Wnsrner, pp. 74, 1'i.

2 nn-mstock ; .TaliroBhcr. Clicm. Technologle, 1887, p. 2S2, after Addf Mayer, already

cited.

3 Wagner, already cited.
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The phos23lioric acid in slag is comparable in its quickness of

action to nitrogen in barnyard manure, tankage and green crops
;

and the phosphoric acid in acid phosphate to the action of nitro-

gen in nitrate of soda. A combination of slag and sulfate of

potash (500 pounds slag and 150 pounds potash) has been

found to work especially well upon grass land, and to be very

favorable to the development of clover.

Quantity of Slag pee Acee.

If the soil is particularly deficient in phosphoric acid, one can

use as high as from 800 to 900 pounds of slag to the acre, plowed

in and supplemented with 200 pounds of acid phosphate in the

hill or drill.

If, on the contrary, the soil is naturally rich in phosphoric

acid, or has been made so by large additions of slag for a series

of years (1,000 or more pounds yearly), then it is necessary

oidy to replace from year to year the amount removed by the

crop. In such cases Maercker states that one part of phosphoric

acid in basic slag is as valuable as an equal amount in acid

phosphate.
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EFFECT OF PORTO RICO MOLASSES ON DI-

GESTIBILITY OF HAY AND OF HAY AND
CONCENTRATES.

BY J. B. LINDSEY AND P. H. SMITH.

I. INTRODUCTION.

In New England, cane molasses brought in tank steamers

from Porto Rico has been freely offered for a number of years at

from 12 to 15 cents a gallon of 12 pounds in barrel lots. The

material is dark in color but quite satisfactory in quality. It

has been found to contain from 20 to 28 per cent, of water

(average 24 per cent.), about 3 per cent, of protein (largely as

amids), 6 to 7 per cent, of ash, and the balance of sugars and

allied substances. The following analyses made at this station

represent the composition of three different samples of Porto

Rico molasses :
—

Water,

Ash,

crude Protein.
| iH'X?"!'^'

Cane sufrar,
Extract Matter, { Invert sugar. .

Undetermined,

1904.
Sample.

1.24
f 3

24.40

7.13

17

29.72
)

25.03 J 6.5.30

10!5.5 )

100.00

190.1.
Sample.

28.50

6.04

36.26
)

l'J.38}62.64
7.00)

100.00

1906.
Sample.

24.98

5..57

2.19

37.86)
20.48 67.26
8.92 )

100.00

It may be remarked that two analyses of the ash have shown

traces of phosphoric acid and 3.6G and 4.84 per cent, of potash,

the latter being by far the most ])r('d()minant ash constituent.

Beet molasses has been shown to contain rather more ash than

cane molasses.
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It can be assumed with safety that molasses, being soluble in

water, is easily digested and assimilated when fed in reasonable

amounts. If fed in excess it is likely to affect adversely the

heart and kidneys, and to appear undigested in the urine. ^ It

is a well-known fact that the addition of starch, sugar and

similar substances causes a distinct depression in the digesti-

bility of the material with which they are fed.^ Various reasons

have been advanced to account for this depression, which has as

yet not been definitely proved. In case of beet molasses, Kell-

ner ^ has shown an average digestion depression of 9 per cent.,

and he states that the value of beet molasses for cattle and sheep

consists in its 55 per cent, of digestible carbohydrates (1,100

pounds to the ton).

Lehmann,^ as a result of three digestion experiments (nine

single trials) with sheep, obtained an average digestion depres-

sion of 11 per cent,, which he deducts from the 71 per cent, of

total organic matter in beet molasses, thus securing 60 per cent.,

or 1,200 pounds, of digestible organic matter to the ton.

Grandeau and Aleken have shown that molasses when fed to

horses also causes a noticeable digestion depression. Alquier and

Drouineau, in reviewing the work of both French and German
investigators, state that in case of horses the addition of 3 pounds

of molasses per 1,000 pounds live weight caused a depression of

4.5 per cent., while with ruminants the feeding of 4 pounds of

molasses per 1,000 pounds live weight produced an average de-

pression of only 3 per cent, in the digestibility of the foods with

which it was fed.^

Patterson ** reported, in case of two steers, when molasses con-

stituted some 12 per cent, of the total dry matter of the ration,

an improvement of 24 per cent, in the digestibility of the hay.

Molasses fed to four steers in combination with hay and grain,

and comprising 14 per cent, of the total dry matter of the ration,

improved the condition of the hay and grain ration 14.5 per

cent, (coefficients of digestibility of the dry matter of the hay

1 Kcllncr, Arbeitcn der D. Landw. Ges. 152 Ileft., 1909, p. 16.

2 Kelluer, Die Einalirung Landw. Nutzthiere, fiiufte Auflage 1909, pp. 50, 51. Numerous
references are cited by Kellner.

8 Landw. Verssuchs. 53 Bd., pp. 220 and 23.3, 234, .304 and 342, 343; 55 Bd., p. 384.

« Landw. Jahil)Ucher, Vol. XXV., Ergiinzungsbaud IL, 1896.

5 Ann. Sci. Agron., 2 sdrie, 1904, Tome 1, pp. 249-254.

u Molasses Feeds, Bulletin 117, Maryland Experiment Station.
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and grain without molasses, 55.1 per cent. ; with molasses, 63.1

j)er cent.). Patterson's results are quite the opposite of all

previous work along this line.

II. EXPERIMENTS AT THE MASSACHUSETTS EXPERIMENT
STATION.

Experiments relative to the effect of Porto Rico molasses on

digestibility have been in progress at intervals at this station

since 1905. Different amounts of molasses have been added to

a basal ration of hay, of hay and corn meal, and particularly of

hay and gluten feed. The experiments made during the winter

of 1905 and 1906 have been published in detail.^ The numerous

other experiments are here reported for the first time.

Sheep were employed in all cases ; in Series XL and XII.

grade Southdown wethers were used, and in Series XIII. and

XIY. one and two year old Shropshires were employed.

The hay was cut in 2-inch lengths before being fed, and was

largely Kentucky blue grass, with an admixture of some clover

and sweet '^Trnal grass. The gluten feed represented the dried

residue of Indian corn (Zea mais) in the manufacture of corn-

starch, and consisted of the hulls and glutinous part of the corn,

together with that portion of the starch and broken germs which

could be removed by mechanical means. It was free from any

indication of decomposition. The corn meal consisted of the

ground corn kernels.

The sheep were fed twice daily,— about 7 o'clock in the

morning and 5 in the afternoon. The molasses was mixed with

about its weight of water and sprinkled over the hay, or was

mixed with the grain and eaten without the addition of water.

The food was given in galvanized-iron pans which fitted closely

into the wooden stalls in which the sheep were confined."

Particles of cut hay that were thrown out of the box were care-

fully brushed up and returned. Any waste remaining at the

end of the period was preserved and analyzed. Water in gal-

vauized-iron boxes was always before the sheep. The fseces

were collected twice daily, preserved in wide-mouth glass-

1 Xinctecnth report of the Hatch Experiment Station, pp. 126-140.

2 Illustrated in eleventh report of the Massachusetts State Experiment Station, 1893,

p. H8.
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stoppered bottles and taken to the laboratory every twenty-four

hours. The daily sample was poured upon a newspaper, well

mixed and an aliquot part (usually Mo) weighed into a crystal-

lization dish and dried at 00° C. After this drying was com-

pleted the samples were allowed to stand at ordinary temperature

for a number of days, and were reweighed, mixed, ground, placed

in glass-stoppered bottles and eventually analyzed. Nitrogen

was determined in the dry sample but not in the fresh faeces, as

is frequently done at the present time. The entire period lasted

fourteen days, seven of which were preliminary, the faeces being

collected during the last seven. The sheep were kept in roomy

stalls during the first three days, and then harnessed and placed

in the digestion stalls for the last eleven days of the trial.

The results of the different experiments are first presented,

together with a discussion of the same. The full data follows

the discussion.

A. Hay ais^d Molasses.

Summary of BesuUs.

Series XIL, Period III.

[800 grams hay, 100 grams molasses and 10 grams of salt.]

(a) Coefficients for Molasses.

Dry Matter. Ash. Crude Protein. Extract Matter

Old Sheep II.,

Old Sheep III.,

69.05

100.99 41.31 80.29

87.26

101.58

From the above coefficients it would appear that Sheep II.

digested only 69 per cent, of the total dry matter of the molasses,

while Sheep III. digested the entire amount fed. It can, how-

ever, be safel}" assumed that molasses, being quite soluble in

water, is easily digested and entirely resorbed in the digestion

tract.' Only minute traces of reducing substances have been

recognized in the ftieces.
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(b) Depression noted (Grams).

OKI Sheep II.
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(b) Depression noted (Grams).

Sheep I.
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(b) Depression noted (Grams).



1910.] PUBLIC DOCUMENT— No. 31. 89

The nutritive ratio of the hay when fed alone was 1 :7.5,

and of the hay-molasses ration, 1:10.1; molasses constituted

21.4 per cent, of the dry matter of the hay ration. The digestion

depression is very noticeable, especially with Sheep 11. The

average depression for both sheep was 13.50 grams of dry

matter and 10.03 grains of organic matter per 100 grains of

molasses. The total average depression was equivalent to 18.2

per cent, of the dry matter of the molasses consumed. The

feeding of 200 grams of molasses caused an average loss of 7.4

per cent, in the digestibility of the hay. No particular change

was noted in the live weight of either animal.

Series XI., Period IV.'

[800 grams hay, 250 grams molasses, 10 grams salt.]

(a) Coefficients for Molasses.
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a depression in the hay of 7.2 (7.02) grams of dry matter and

4.1 grams of organic matter. The depression was equivalent to

9.9 per cent, of the dry matter of the molasses fed. The total

molasses likewise cansed a loss of 4.4 per cent, in the digesti-

bility of the dry matter of the hay.

Gene red Sum rnary.

In the table below the results of the several experiments with

hay and molasses are brought together for comparison. The

results of one experiment by Kellner are also stated.

RATION.

800 grams
100 grams

600 grams
100 grams

600 grams
150 grams

600 grams
200 grams

800 grams
250 grams

SOO grams
100 grams

hay, .

molasses,

hay, .

mohisses,

hay, .

mohisses,

hay, .

mohisses,

hay, .

mohisses,

hay ,2 .

molasses.

Nutri-
tive

Ratio.

1:9.0

1:8.6

1:10.7

1:10.1

1:11.2

1: 9.3

Per Cent.
Molasses
in Dry

Matter of

Ration.

9.50

12.0

13.2

21.4

20.6

9.2

Depression per
100 Grams FREsh
Molasses fed.

Dry
Matter

Organic
Matter

Grams). (Grams),

-21.09
+3.36

—0.12
2 . 62

+5.21
—6.27

—8.04
-18.45

—7.10

Depression
equals

Per Cent.
of Molasses
fed (Dry
Matter)

.

Percentage
Loss in

Digestibil -

ity of
Hay.

Gain or
Loss
in

Live
"Weight

(Pounds).

—15.60
+5.50
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results hardly hold true in case of Kellner's trial with two

sheep, in which beet molasses composed 9.2 per cent of the dry

matter of the ration. Here one notes a depression of 14.4 grams

of organic matter per 100 grams of molasses. The two sheep

gave closely agreeing results.

In our oAvn case, when molasses composed some 20 per cent, of

a hay-molasses ration the depression was quite noticeable, aver-

aging in case of four single trials with four different sheep 10.14

grams of digestible dry matter and T.ST grams of digestible

organic matter for each 100 grams of molasses fed. These latter

trials show a loss or depression equivalent to from 9.9 to 18.2

per cent, of the dry matter of the molasses fed ; or, otherwise

expressed, the molasses caused a loss of from 4.4 to T.4 per cent,

in the digestibility of the hay. The feeding of 20 per cent, of

cane molasses did not cause as great a depression as did the

feeding of 9.2 per cent, of beet molasses (Kellner's results). It

is doubtful, however, if these varying results are due to the

different kinds of molasses.

In experiments of this sort one is obliged to take into account

individuality, the effect of food upon different individuals, as

well as the condition of the animal at the time of the trial.

Positive conclusions cannot be drawn unless the evidence is

very pronounced. Why it is that two animals, both apparently

in good condition, should give contrary results it is difficult to

explain. Thus, in the above table note that molasses appeared

to have caused a depression of 21.09 grams dry matter with one

sheep and an increase of 3.3G grams with another; also, in

another case 100 grams of molasses caused an increase of 5.21

grams and in another case a decrease of 6.2T grams in the diges-

tibility of the hay.

B. Hay, Corn Meal and Molasses.

Two experiments were conducted in each case with two sheep,

using 100 and 200 grams of molasses. Unfortunately, in each

experiment one of the sheep suffered from indigestion and did

not complete the trial.
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Summarij of BesuUs.

Series XIII., Period VI.

[500 grams hay, 150 grams com meal, 100 grains molasses, 10 grams salt.]

(fl) Coefficients for Molasses.
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{b) Depression noted (Grams).
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and when fed with the molasses shows the depression exerted by

the latter. The coefficients of digestibility for the hay and for

the hay-ghiten-feed rations will be found in a table with the other

data.

Summary of Besults.

Series XIV., Period VI.

[500 grams hay, 150 grams gluten feed, 50 grams molasses, 10 grams salt.]

(a) Coefficients for Molasses.
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of organic matter per 100 grams of fresh molasses fed, and

eqnaled about 70 per cent, of the dry matter of the molasses fed.

The feeding of 50 grams of molasses caused an apparent de-

pression, or loss of G.9 per cent, in the digestibility of the hay-

gluten-feed-ration. The cause of this excessive depression for so

small an amount of molasses is not clear. The sheep substan-

tially maintained their weight during the experiment.

Series XIV., Period VII.

[.'iOO grams hay, 150 grama gluten feed, 100 grams molasses, 10 grams salt.]

(a) Coefficients for Molasses.

Dry Matter. Ash. Crude Protein. Extract Matter.

Sheep III.,

Sheep IV.,

66.37

42.92

19.61

34.36

86.02

65.48

(&) Depression noted (Grams).
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matter and 31.07 grams of organic matter per 100 grams of

molasses, and is equivalent to 47 per cent, of the molasses fed.

The feeding of 100 grams of molasses caused a loss of 8.3 per

cent, in the digestibility of the hay-gluten-feed ration. Sheep

IV. showed considerably more depression than Sheep III. ; the

former sheep lost ^ pound and the latter gained 2 pounds in

weight during the seven days of the trial.

Series XII., Period V.

[600 grams hay, 200 grams gluten feed, 100 grams molasses, 10 grams salt.]

(a) Coefficients for Molasses.

r
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The average depression was 36.32 grams of dry matter and

34.42 grams of organic matter per 100 grains of molasses fed,

and equaled 50 per cent, of the dry matter of the molasses fed.

The feeding of 100 grains of molasses caused a depression, or

loss of 7 per cent, in the digestibility of the hay-gluten-feed

ration.

Both sheep were in good condition during the experiment;

Sheep IV. showed an apparent gain of 4 pounds and Sheep V. a

loss of 3.5 pounds. Such variations would hardly be expected.

Series XIV., Period IX.

[500 grams bay, 150 grams gluten feed, 150 grams molasses, 10 grams salt.]

(a) Coefficients for Molasses.

Dry Matter. Ash. Crude Protein. Extract Matter.

Sheep IV., 5fi.63 30.24 76.86

(6) Depression



98 EXPERIMENT STATION. [Jan.

Series XIV., Period IV.

[500 grams hay, 150 grams gluten feed, 200 grams molasses, 10 grams salt.]

(a) Coefficients for Molasses.

Dry Matter. Ash. Crude Protein. Extract Matter.

Sheep III
,

Sheep IV.,

77.58

74.18

47.22

48.27

24.19

1.05

88.30

85.21

(h)
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Series XII., Period VII.

[600 grams Englisli liay, 200 grains gluten feed, 200 grams molasses, 10 grams salt.]

(a) Coefficients for Molasses.

Dry Matter. Ash. Crude Protein. Extract Matter.

Paige Sheep IV.,

Paige Sheep V.,

76.78

73.71

76.59

81.06

85.72

84.21

(h)
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ration. Sheep IV. passed throngli the experiment in good con-

dition. Shcej) V. began to show signs of indigestion shortly

after the beginning of the period proper, and the disturbance

became so pronounced that the experiment was discontinued

at the end of the sixth day. The results show that he digested a

little less than Sheep IV.

This and the trial immediately preceding show similar re-

sults ; namely, an equal depression and a loss in weight, in spite

of the fact that the several animals were receiving more than a

maintenance ration.

Series XI., Period VIII.

[600 grams hay, 200 grams gluten feed, 250 grams molasses, 10 grams salt.]

. (a) Coefficienis for Molasses.
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The feeding of 250 grams of, molasses caused a loss of 8.8 per

cent, in the digestibility of the hay-glnten-feed ration. Each

sheep lost 3 pounds in live weight during the seven days.

Series XII., Period XI.

[600 grams English hay, 200 grams gluten feed, 250 grams molasses, 10 grams salt.]

(a) Coefficients for Molasses.

Dry Matter. Ash. Crude Protein. Extract Matter.

Young Sheep II., 70.10 39.63 82.92

(b) Depression noted (Grams).

Dry
Matter.

Ash. Protein. Fiber.
Extract
Matter.

Fat.

Digested of 600 grams English hay and 200
grams gluten feed when fed without mo
lasses

Digested of hay and' gluten feed plus 250
grams molasses

Minus 250 grams molasses, all digested.

Remains for hay and gluten feed digested
when fed with molasses, .

Difference or depression,

498.12

628.12

185.45

442.67

—55.45

15.47

20.82

13.50

7.32

—8.15

74.29

71.91

7.05

64.86

—9.43

139.31

131.24

131.24

—8.07

2,56.86

393.59

164.90

228.69

-28.17

11.84

10.56

10.56

-1.28

The ratio of the hay-gluten-feed-molasses ration was as 1 : 7.6,

and of the hay-gluten-feed ration 1:5.7; molasses constituted

20.4 per cent, of the dry m^atter of the total ration. The depres-

sion observed was 22 (22.2) grams of dry matter and 18.8 (19)

grams of organic matter for each 100 grams of molasses fed,

and was equivalent to about 30 per cent, of the dry matter of the

molasses. The feeding of 250 grams of molasses caused a loss

of 11.1 per cent, in the digestibility of the hay and gluten feed.

The sheep passed through the trial in good condition, and

neither gained nor lost in live weight.

Series XII., Period X.

[600 grams English hay, 200 grams gluten feed, 300 grams molasses, 10 grams salt.]

(a) Coefficients for Molasses.
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(h) Depressior
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Our Oivn Results.

RATION.

500 grams hay, .

150 grams gluten,
50 grams molasses,

500 grams hay, .

150 grams gluten,
100 grams molasses,

fiOO grams hay, .

200 grani.s gluten,
100 grams molasses,

500 grams hay, .

150 grams gluten,
150 grams molasses,

500 grams hay, .

150 grams gluten,
200 grams molasses,

600 grams hay, .

200 grams gluten,
200 grains molasses,

600 grams hay, .

200 grams gluten,
250 grams molasses,

600 grams hay, .

200 grams gluten,
250 grams molasses,

600 grams hay, .

200 grams gluten,
300 grams molasses.

3
J5

1:8.0

1:8.6

1:6.0

1:9.7

1:9.3

1:6.7

1:7.1

1:7.6

1:7.6

6.0

11.3

9 4

10.0

20.4

17.2

20.2

20.4

23.5

Depression per
100 Gr.*.ms

Molasses fed.

=5 a

Q

59.72

35.56

36.32

33.50

18.67

18,20

18.56

22.0

9.5

?nO

52.18

31.07

34.42

29.16

15.43

17.05

16.1

18.8

8.1

B
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The nutritive ratio of the two hay and gluten-feed rations

with which the molasses was fed varied from 1: 5.5 to 1: 7.5,

hence the nutrients may be considered satisfactorily propor-

tioned. After the addition of the molasses the rations were

widened from 1:6 to 1 : 9.7 ; most of them could not be consid-

ered unduly wide. In two of the three experiments reported by

Lehmann the rations were quite narrow, due to the j)resence of

so much cottonseed meal. So far as one is able to judge, the

width of the ration did not bear any direct relation to the

depression observed. In all of the experiments reported mo-

lasses constituted from 6 per cent, to approximately 32 per cent,

of the dry matter of the total ration.

It is noted that when molasses made up from 9 to IG per

cent, of the dry matter of the ration, the depression averaged

32.1 grams of organic matter per 100 grams of fresh molasses;

when molasses composed about 20 per cent, of the dry matter of

the ration, in case of eight single trials, it averaged approxi-

mately 15.5 grams of organic matter per 100 grams of molasses.

The average of all of our experiments, excepting the first, show

a depression of 21.8 grams of organic matter per 100 grams of

fresh molasses. Lehmann's experiments show that w^hen beet

molasses composed 18 per cent, of the dry matter of the ration,

the depression was 22.2 grams of organic matter per 100 grams

of molasses. This depression decreased to 7.4 grams of organic

matter per 100 grams of molasses when molasses composed some

30 per cent, of the dry matter of the ration.

Results of a similar character are secured when one calculates

the depression on the basis of the percentage of the dry matter

of the molasses fed. When it composed 9 to 16 per cent, of the

dry matter of the total ration, the depression or loss was equiva-

lent to nearly 50 per cent, of the amount fed. When, however,

20 per cent, of the dry matter of the total ration consisted of

molasses, the depression equaled only 24 per cent. In case of

Lehmann's results, the depression decreased from 28.5 to 9.5

per cent.

The percentage loss in digestibility of the feeds with which

the molasses was fed proved to be reasonably constant. The
average percentage loss in case of twelve experiments, including

nine of our own and three of Lehmann's, was 7.86. In most
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cases the variations do not depart widely from this average. The

smaller amounts of molasses in most cases caused practically as

much absolute depression as the larger amounts.

The amount of hay and gluten-feed fed to the different sheep

was probably a little less than a maintenance ration; this was

intended in order that, when from 100 to 300 grams of molasses

were added, the total amount would not be more than the animal

could consume.

With molasses composing G to 11.3 per cent, of the dry matter

of the ration, one notes, on the whole, comparatively little change

in the live weight, but when this was increased to some 20 per

cent., the live weight of each sheep shows a pronounced decrease

in almost every case, although the total ration was certainly in

excess of maintenance requirements. The reason for this loss

in weight cannot be explained. Occasional qualitative tests for

sugar in the fseces were made with negative results. The urine

was not collected, but it is believed that sugar would not have

thus escaped unassimilated. The loss of digestible material

through depression hardly seems sufficient to account for it. A
possible explanation lies in the fact that each sheep was given

2,500 grams of water daily, usually considered a liberal allow-

ance. In most of the cases showing a loss in weight the sheep

drank the entire amount, but the attendant, contrary to instruc-

tions, failed to supply more. It may be that the molasses in-

duced an increased thirst, and required more water for its

complete metabolism than was supplied, and the intake of water

being relatively less than the outgo caused a temporary loss of

Aveight. In one case, however, where the 2,500 grams of water

were entirely consumed, the sheep neither gained nor lost in

weight. It is to be regretted, however, that this oversight

occurred.

General Conclusions.

(a) Hay and Molasses.

1. Our own experiments indicate that molasses had relatively

little effect in depressing the digestibility of the hay when the

amount fed did not exceed 10 to 13 per cent, of the dry matter of

the total ration.
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2. When molasses composed 20 per cent, of the dry matter of

the total ration, the depression averaged 7.37 grams of organic

matter per 100 grams of fresh molasses, and the molasses caused

snbstantially a loss of per cent, in the digestibility of the hay.

(b) Hay, Corn Meal and Molasses.

3. In case of two single trials the depression was from 9.5 to

17 grams of organic matter per 100 grams of molasses.

(c) Hay, Gluten Feed and Molasses.

4. When relatively small amonnts of molasses were fed the

depression was higher 'per 100 grams of molasses than when

relatively laro;e amounts were fed.

5. When relatively small amounts of molasses were fed the

loss expressed in dry matter as percentage of molasses fed was

higher than when relatively large amounts of molasses were con-

sumed.

6. The feeding of small amounts of molasses have in most

cases caused as much depression of the feeds with which they

were fed as large amounts, the loss averaging substantially 8

per cent.

Why molasses seemed to exert less depression on the hay than

on a ration composed of hay and a concentrate is difficult of

explanation.

T). The Cause of the Depression produced hy Molasses.

Our own numerous experiments, as well as those of other in-

vestigators, have shown that molasses exerts a distinct depression

upon those feed stuffs with which it is fed. This depression

appears to vary, depending upon the character of the feed, the

amount of molasses fed and the individuality and condition of

the animal. The addition of considerable amounts of sugar

and starch have been shown to produce similar results.-^

The cause or causes of this depression have never been fidly

demonstrated. Kellner ^ oifers a partial explanation substan-

tially as follows :
—

1 See the numerous experiments of Henneberg and Stohmann, Kiihn and Fleischer, E.
Wolff, etc., In the Journal fiir Landw. and in the Landw. Versuchssta.

2 Loco citato, flinfte Auflage, pp. 50, 51.
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(a) The cause or partial cause of the depression of the pro-

toid matter is due to the increased excretion of metabolic by-

products in the faeces. It has been definitely proved that for

every 100 grams of digested dry matter there is excreted .4 to

.5 of a gram of nitrogen, or 2.5 to 3.1 grams of protein, hence the

additional carbohydrates increase the digestible dry matter and

cause the excess excretion of metabolic nitrogen, which is calcu-

lated as undigested nitrogen.

(6) According to Hirschler ^ an increase of the carbohydrates

or of lactic acid in the ration checks the action of putrefactive

bacteria, i.e.j, those acting upon the proteid matter, and G.

Gothwald " has confirmed this for herbivorous animals.

(c) It being known that the easily soluble and digestible

carbohydrates are large yielders of lactic and butyric acids in

the processes of digestion, it seems at least possible that it is these

acids, when present in sufficient quantities, which check the

further action of the micro-organisms, and prevents their attack-

ing the more difficult digestible carbohydrates, such as the fiber,

pentosans, gums, etc.

Alquier and Drouineau ^ state that in case of ruminants the

depression is caused because the food remains for a long time

in the digestive tract, and is subjected to the action of various

micro-organisms. These organisms follow the line of the least

resistance, and attack the sugars and other soluble carbohydrates,

leaving the cellulose, ligno-cellulose and pentosans, which they

would attack and dissolve more freely were the soluble carbo-

hydrates not present in excess ; hence the depression falls largely

upon these latter compounds.

It is further explained that in case of the horse the action

of molasses in causing the depression is not due primarily to the

action of micro-organisms for the reason that the food remains

so short a time in the intestines, but to the alkaline salts, —
potash and soda, — which cause an increased action of the

intestines (peristalsis). Grandeau's work is cited, in which,

in an average of four trials with four different horses the first

faeces appeared sixteen hours after the feeding of molasses, while

» Zeitschrift fiir physiol. Chem. 10 Bd. 1886, p. 306; also 39 Bd. p. 99; Abs. from Kellner.

2 Journal fiir Landw. 39 Jahrgang, 1888, p. 325.

3 Ann. de Sci. Agron. 2 Serie, 1904. Tome I., pp. 252-258.
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twenty-seven honrs elapsed before the first faeces from a normal

ration were excreted.

Observations at this Station.

In order to note the effect of molasses in increasing peristalsis,

thereby causing a less complete digestion of the food, a number

of observations were made using lampblack as an indicator.

October 21, at 4 p.m.. Sheep III., receiving hay, gluten feed,

salt and 200 grams of molasses, was fed in addition 10 grams of

lamjDblack. The first indication in the fseces appeared at 1 p.m.

on the following day,— twenty-one hours after feeding. The

lamjDblack could be observed in the fasces until 4 p.ini. of October

25,— some four davs thereafter.

October 27, at 4 p.m.^ and October 28, at 7 a.m.^ Sheep II.,

receiving a ration of hay, gluten feed and salt, was given in

addition a total of 10 grams of lampblack. Indications of the

lampblack first appeared at 2 p.m. on the following day, Octo-

ber 28, — twentv hours after the first feeding. At the same

time Sheep IV., receiving hay, gluten feed, salt and 200 grams

of molasses, was given in addition 15 grams of lampblack, which

first appeared in the faeces at 4 p.m. of the following day, —
twenty-two hours later.

November 6, at 5 p.m., and November 7, at 7 a.m.. Sheep I.,

receiving a ration of hay, gluten feed and salt, was fed in addi-

tion with 10 grams of lampblack, which first appeared in the

faeces at noon on November 7,— nineteen hours later. This

lampblack was noticed in the faeces until noon of November 12,

nearly six days (one hundred and thirty-nine hours) after the

first was given.

November G, at 5 p.ini., and November 7, at 7 a.m.. Sheep IV.,

receiving a ration of hay, gluten feed, salt and 200 grams of

molasses, was given in addition a total of 15 grams of lampblack.

It first appeared at 7 a.m., November 7,— fourteen hours later,

— and disappeared at 7 a.m., November 12,— one hundred and

thirty-four hours later.

November 7, at 4 p.m., and November 8, at 7 a.im.. Sheep II.,

receiving a ration of hay, gluten feed and salt, was given in

addition 10 grams of lampblack. The first indication of lamp-
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black was at 7.30 a.m., November 8,— fifteen and a half hours

later, — and it bad entirely disappeared from the faeces on

November 13, at 4 p.m., — six days later.

November 7, at 4 p.m., and November 8, at 7 a.m.. Sheep III.,

receiving hay, gluten feed, salt and 200 grams of molasses, re-

ceived in addition a total of 15 grams of lampblack. The first

colored faeces were noted November 8, at 2 p.m., — twenty-two

hours later, —• and the color disappeared November 13, at

4 p.m., — after a lapse of six days.

The above data placed in tabular form are as follows :
—

Sheep Number.
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Dry Mailer Determinalions made at Time of weighing out the Different

Foods, and Dry Matter in Air-dry Fceces {Per Cent.).

Series.
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Averag
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Weight of Animals at Beginning and End of Period (Pounds).

Series.
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Calculation of Coefficients.

Series X., Period VI., Sheep IV.

English Hay.

Daily Record.
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Series XI., Period VI., Sheep II.

English Hay.

Daily Record.
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Series XL, Period III., Sheep IV.

Porto Rico Molasses.

Dailv Record.
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Series XL, Period IV., Sheep V.

Porto Rico Molasses.

Daily Record.
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Series XII., Period IV., Sheep IV.

Gluten Feed and Hay.

Daily Record.
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Series XII., Period III., Sheep II. {Old).

Porto Rico Molasses.

Daily Record.
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Series XIL, Period V., Sheep V.

Porto Rico Molasses.

Daily Record.
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Series XII., Period X., Sheep IV. {Paige).

Porto Rico Molasses.

Daily Record.
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Series XIII., Period V., Sheep II.

English Hay.

Daily Record.
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Series XIII., Period I., Sheep II.

Porto Rico Molasses.

Daily Record.
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Series XIII., Period VI., Sheep III.

Porto Rico Molasses.

Daily Record.
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Series XIV., Period XI., Sheep II.

English Hay.

Daily Record.
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Series XIV., Period V., Sheep IV.

Gluten Feed and Hay.

D.\iLY Record.
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Series XIV., Period VI., Sheep III.

Porto Rico Molasses.

Daily Record.
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Series XIV., Period VII., Sheep IV.

Porto Rico Molasses.

Daily Record.
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STABILITY OF BUTTER-FAT SAMPLES.^

BY E. B. HOLLAND, M.SC.

In the examination of butter fat, the question of stability is

one of prime importance. Should appreciable changes take

place in the samples, results would be vitiated and deductions

as to the effect of feed would be of questionable value. That

oils and fats are readily acted upon by a number of agents has

been long recognized, but whether butter-fat samples as ordi-

narily treated would be sufficiently changed as to affect analytical

results is uncertain, though quite probable from the nature of the

substance. To secure definite information on the subject it was

necessary to carry out several experiments, of which a descrip-

tion with data follows.

The object of the first experiment was to determine the action

of air, light and moisture, respectively, at the same temperature,

upon butter fat. Heat as an independent factor could not be

studied at that time as it would have increased the work to a

point beyond which it could have been handled, ])ut the action

of heat was noted more particularly in another experiment.

About ten pounds of butter fat were prepared by melting

fresh butter and filtering the supernatant fat through paper

in a jacketed funnel. Two-ounce bottles, 73 in number, were

filled with the melted fat and placed in the north window of

the station creamery building in March, 1908. These bottles

were divided into seven sets, four of which were closed with a

glass stopper and sealed with ceresin to practically eliminate the

oxidizing action of the air, and the remainder simply protected

by a single thickness of unbleached cotton cloth tied over the

top, which readily permitted circulation of the air. One set of

* This work was undertaken jointly with Dr. R. D. MacLaurin, but owing to the resignation

of Dr. MacLaurin it has been completed and prepared for publication by Mr. Holland.
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the sealed bottles was guarded from light ^ and from moisture,

and served as a cheek. Two sets of both closed and open bottles

had 1 cubic centimeter of water added, one set of each being-

exposed to north and east light (not sun) and one set protected

from light. ^ Another set of both closed and open bottles was

exposed to the light. From these various combinations it was

thought deductions might be drawn as to the relative action of

air, light and moisture upon butter fat.

The fat was of fair average composition, as shown by the

analytical results :
—

Saponification number, ....
Acid numbei", ......
Reichert-Meissl number, ....
]\Iean molecular Aveight of volatile acids, .

Insoluble acids (per cent.),

Mean molecular weight of insoluble acids, .

Iodine number,......
Melting point (Wiley method), .

Refractive index, 40° C, ....
Valenta test, ......

232.47

1.48

29.84

96.90

88.21

253.08

28.40

32.95° C.

1.4525

28.50° C.

One or two samples were drawn from every series in June

and December, 1908, and March and October, 1909, melted,

filtered and analyzed. The testing in June, 1908, was more or

less unsatisfactory, especially the iodine number, because of the

high temperature prevailing, and what deductions may be offered

will be based largely upon the remaining data, which represents

periods of six, twelve and eighteen months.

Physical Changes.

The original fat, when melted, gave a transparent oil of a

pronounced yellow color and a slight but characteristic odor.

On standing, the color gradually faded. This, however, was far

from uniform, even with members of the same series. The

cheeks were very irregular, varying at the end of the test from

yellow to almost white ; with moisture the color was less intense,

with light similar, and with moisture and light rather better

• In providing for the circulation of air, a little diffused light reached the samples.



134 EXPERIMENT STATION. [Jan.

than the checks. Light, in the absence of air, did not accelerate

loss of color.

Air induced the most uniform destruction of color. As the

air always carried more or less moisture, it was impossible to

differentiate as to the effect of light and added moisture. The

most notable change was obtained from the combined action of

all three factors.

The sealed samples were porous, and developed a slight odor,

unlike that of the original fat. The open samples were more

like tallow, both in appearance and odor. Old samples contain-

ing added water were turbid on melting, and required consider-

able time to settle clear.

Chemical Changes.

As decomposition of fats and oil seems to progress along two

fairly well-defined lines, that of hydrolysis and that of oxidation,

only such determinations were planned as would readily serve

to measure these changes; acid and saponification numbers for

the former, and iodine number for the latter. Too much nnist

not be expected of these determinations for so complex a re-

action, but they are at least indicative. If the decomposition

became extensive, other tests would be warranted.

As shown by Table 1, added moisture, in the absence of air,

had no appreciable hydrolytic action in excess of the check.

Light alone, and with moisture present, preserved the original

fat practically unchanged for eighteen months while the check

manifested a noticeable breaking down. IMoist air increased

hydrolysis, both light and added water intensified the reaction.

Lewkowitsch states that dry air without light has no action on

oils and fats, and his explanation will be presented later.

Aldehydes were produced in both open and closed samples,

as shown by the brown color of the saponification test (October,

1909), except in the sealed samples exposed to light.
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October,

1909.
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111 the absence of air, added moisture appeared to have no

effect as compared with the check on the unsaturated compounds,

while light both with and without moisture prevented oxidation

to some extent as measured by the iodine number (Table 2).

The experiments of Eitsert ^ proved that light, in the absolute

exclusion of air, could not produce rancidity, but the preserving

action here noted is a peculiar feature worthy of further study.

Hoist air increased the oxidation of the fat, with light and

added moisture contributing factors. Light in the presence of

moist air was destructive, a marked contrast to its action when

air was excluded.

The hypothesis of Lewkowitsch,- supported by the investiga-

tions of Geitel ^ and Duclaux,'* offers an explanation of the

probable changes that take place in the development of rancidity

in oils and fats. The initial change he ascribes to the action

of moisture in the presence of fat-splitting enzymes. The free

fatty acids resulting from the hydrolysis are oxidized by the air

in the presence of light. Eitsert^ asserts that oxygen and light

must act simultaneously, neither of the agents alone being able

to produce rancidity.

On the basis of the above assumption the hydrolysis of the

check samples must have been due to traces of moisture in the

fat and in the air between fat and stopper, and the oxidation to

the air and a very limited amount of diffused light. This may

be possible, as the changes were not, in themselves, excessive,

though rather out of proportion to the conditions prevailing. It

fails, however, to explain why similar samples in the light gave

less rather than equal or greater changes under conditions which

naturally should have been more favorable. The changes in the

open samples were not wholly in accord with the theory. Light

was a factor in oxidation, as was to be expected, but also in

hydrolysis, which is difficult to explain. With many points in-

decisive and others unconsidered, the prime object of the experi-

ment has been attained in showing that filtered butter-fat

samples of normal acidity can be satisfactorily preserved in well-

stoppered bottles. The action of high temperatures and sunlight

* Untersuchungen iiber d. Ranzigwerden der Fette. Inaug. Dissert. Berlin, 1890.

° Chemical Technology and Analysis of Oils, Fats and Waxes, 3d Edition, Vol. I., pp. 23, 24.

3 .loiirn. f. prakt. Chemie, 1897 (55), 448.

* Annales de I'lnstitut Pasteur, 1887; Compt. rend. 102, 1077.
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should, of course, be avoided. As to the specific action of air,

light and moisture, the experiment should be considered only

preliminary, pointing the way for further work under " control
"

conditions.

Action of Heat.

The object of the second experiment was to ascertain what

changes might take place upon heating butter fat several days

at 50° C. Fresh samples were prepared. After heating a

sample twenty-four hours in a Avater bath, varying amounts were

weighed for saponification, acid and iodine numbers ; similar

portions were withdrawn at the end of forty-eight hours, and

ao;ain after seventv-two hours' heating.

The analysis of the check sample and of the heated fat are

presented in the following table :
—
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ADDITIONAL NOTES FOR METHODS IN
FAT ANALYSIS.'

BT E. B. HOLLAND^ M.SC.

In the titration of saponification and acid nnmbcrs of the

fat, and neutralization number of the insoluble acids, 1 cubic

centimeter of indicator should be used. This has been our prac-

tice for some years, though not so stated in the methods, and

gives a more definite end point, especially in the case of acid

number. The writer has also noted the rather ambiguous state-

ments relative to desired temperature for the above titrations.

A temperature of 40° to 4,5° C. has proved very satisfactory.

It is sufficiently high to maintain the soaps and fatty acids in

solution and yet not destroy the sensitiveness of the indicator.

Slight saponification may take place in the determination of

acid number, but the error is less than the opposite fault of too

great chilling.

Sulfuric acid is preferable to hydrochloric for the decompo-

sition of the soap in the determination of insoluble acids; 150

cubic centimeters of water together with 5 cubic centimeters of

sulfuric acid (1-4) clears the solution rapidly with little appar-

ent action on the fatty acids.

The variable results in iodine number at a high temperature

are evidently due to volatilization of iodine and not to a second-

ary reaction. Moistening of the cork stopper with potassium

iodide solution will reduce the loss, but not prevent it, if the

temperature exceeds 10° to 15° C.

' Massachusetts Agricultural Experiment Station, twenty-first report (1909), pp. 120-138.
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VOLUMETRIC DETERMINATION OF COPPER.'

BY E. B. HOLLAKD, M.SC.

The co-operation of the laboratory in the experiments con-

dncted by other departments of the station has often rendered

necessary qnantitative determinations of reducing sugar, sucrose,

lactose and starch in a variety of products. The final step in

every case is the determination of the cuprous oxide precipi-

tated from Allihn's solution by the reducing action of the sugar.

After a considerable study of different methods of filtration,

and various ways of determining the amount of precipitate as

copper, cuprous and cupric oxides, the following method was

adopted, having j)roved highly satisfactory if reasonable atten-

tion is paid to details. It might be said, further, that as such

work often has to be done at odd times, it is desirable to main-

tain a supply of sugar tubes,- and only to titrate when there are

a number of tests on hand. By exercising a little care the same

tubes can be used repeatedly without change of felt.

The process consists of heating an aliquot part of the sugar

solution with the mixed Allihn's solution (30 cubic centimeters

of " white," 30 cubic centimeters of ^' blue " and 60 cubic centi-

meters of water) and filtering by aid of suction through a sugar

tube with an asbestos felt supported by glass wool. The cuprous

precipitate is transferred to the tube, washed with hot water

until free from alkali and then with alcohol. The copper is

dissolved in 5 cubic centimeters of concentrated nitric acid,

thoroughly washed with hot water, and the filtrate run into an

Erlenmeyer flask by means of suction. The solution is evapo-

rated to small volume to expel excess of acid, and afterwards

diluted with 00 cubic centimeters of water. Too great concen-

tration should be avoided, as it often results in the precipi-

' An adaptation of the Low zinc-acetate method.
- Eimer and Amend, No. 3263.
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tation of a very insoluble form of copper and the loss of the

determination. Twenty-five cubic centimeters of a saturated

solution of zinc acetate and 20 cubic centimeters of potassium

iodide (165 grams to 1,000 cubic centimeters) are added, and

the free iodine titrated with X/IO sodium thiosulfate solution

(24.83 grams per liter). The thiosulfate is run in gradually,

with constant shaking, until the brownish yellow color (iodine)

has been largely destroyed ; then 2 cubic centimeters of starch

paste (1 gram to 200 cubic centimeters) are added and the

titration continued until the blue particles have entirely disap-

peared. Towards the end of the reaction the flask should be

stoppered and shaken thoroughly.

The copper equivalent of the thiosulfate is determined by

diluting 25 cubic centimeters of a standard copper solution with

water, evaporating and titrating exactly as in the test. The

standard solution is prepared by dissolving 10 grams of pure

dry metallic copper in 200 cubic centimeters of concentrated

nitric acid, and making up to a liter with water at 20° C The

solution should be analyzed gravimetrically, and will keep almost

indefinitel}'. From this data the reducing action of the sugar

solution can be readily calculated in terms of copper, and by

conversion tables the corresponding amount of sugar. The

method has been more recently applied to the determination of

copper in Paris green and arsenite of copper, and found equally

satisfactory. The copper is precipitated from a hydrochloric

acid solution in the presence of sodium acetate with a slight

excess of sodium hydrate. The resulting cuprous oxide is trans-

ferred to a sugar tube and determined as above. While the

first reading of this method might give the impression that it

was rather difficult, in reality it is extremely simple, can be

carried out rapidly and the titration is very sensitive.
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HEADING THE BABCOCK TEST,

BY P. H. SMITH.

Introduction.

During the summer of 1909 an investigation was undertaken

to determine the best method of reading the column of fat in

the manipulation of the Babcock test.

Babcock ^ in his first description of the test advocates reading

"the divisions which mark the highest and lowest limits of the

fat," which would, of course, include the upper and lower

meniscus. Subsequent experiments proved that such a practice

gave too high results, especially for cream tests in cases where 30

and 50 per cent. 6-inch Connecticut cream bottles were used,

and the method of reading to the bottom of the upper meniscus

became quite prevalent in certain sections of the country. This

station has held, however, that until recognized authorities ad-

vocated this method, it was better to hold to the original method,

in order that results of different chemists and creamery men

might be comparative. It was not, therefore, until 1908, when

a widely used text-book - recommended omitting the upper

meniscus from the reading, that it was considered by the ]\Ias-

sachusetts experiment station.

An objection to reading tests to the bottom of the upper menis-

cus is founded upon the fact that the depth of the meniscus, is in-

fluenced by several factors, including diameter of the neck of the

bottle, color and clearness of the fat column and different light

effects. Different persons conscientiously attempting to read

the same test correctly may vary considerably in their results.

In order to eliminate this error Eckles ^ recommends the use of

* Bulletin 24, Wisconsin Agricultural Experiment Station.

' Testing; Milk and its Products, Farrington and Woll.

' Chicago Dairy Produce, July, 1908.



1910.] PUBLIC DOCUMENT — No. 31. 143

amyl alcohol, — colored a bright red bj fiichsin or any common

red dye, — a small qnantity of which is dropped on top of the

fat column at the completion of the test. Being lighter than

butter fat it floats upon the fat, doing away with the meniscus

and giving a sharply defined line between alcohol and fat. Far-

rington,^ at the suggestion of Babcock, recommends ethyl alcohol

saturated with butter fat, which is used in the same manner as

the amyl alcohol. " The fat-saturated alcohol is prepared by

adding about a teaspoonful of butter fat to 6 ounces of alcohol

in a bottle. Warm and shake the bottle until the alcohol has

dissolved all the fat possible ; some of it will be left undissolved

at the bottom of the bottle." Butter fat at the temperature

when usually read has a specific gravity of 0.9. It is necessary

to have the alcohol reasoiuibly j^ure, otherwise there is a pos-

sibility of its being heavier than the butter fat, in which case it

would pass through the fat column instead of floating on top.

Ethyl alcohol containing 42 per cent, water has approximately

the same specific gravity as butter fat.

Observations at this Station.

Six-inch test bottles having as wide a diversity in size of neck

as could be brought together were used. These bottles were

carefully cleaned, and before using were washed out with ether

to remove all traces of fat. Pure butter fat was then weighed

into the bottles on a delicate balance, and enough hot water

added to make up to 1 8 grams. The bottles were then placed in

a Babcock tester and whirled three times, five, three and two

minutes, respectively, as for the regular test. Eeadings includ-

ing and without the upper meniscus were taken immediately;

alcohol according to the Farrington method was then added and

readings again taken. The theoretical readings were then

computed and the results compared. Following is the tabulated

data :
—

1 tSpecial circular, Wisconsin Dairy School.
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Error
(Per

Cent.).
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The results reported were all made with 6-ineh bottles, because

Ave were attempting to find the most accurate method for read-

ing tests made under conditions existing at the experiment

station laboratory. It would have been quite instructive to have

been able to run more tests, using the 9-inch bottles, which

require a special machine on account of the longer neck.

Conclusions.

1. With one exception the readings taken to the top of the

upper meniscus were too high, the amount of error being in most

cases proportional to the diameter of the bottle neck.

2. Where the readings were taken to the bottom of the upper

meniscus the results were much more uniform. In several

cases, however, there was considerable variation, due very likely

to the difficulty of determining accurately the lowest point of

the upper meniscus.

3. The alcohol method, where used, showed more concordant

results, especially for the 10 and 30 per cent, bottles. The

difference between these results and the theoretical test was no

greater than might be expected between duplicate tests by the

gravimetric method. The tests made in the 50 per cent, bottles

varied materially, which might reasonably be attributed to the

difficulty of reading these bottles accurately on account of the

larce diameter of the neck.
'ts"-

It was suggested that the method might give somewhat dif-

ferent results if a mixture of a definite amount of butter fat and

skim milk was used in place of butter fat and water, the former

mixture more closely resembling milk or cream. In order to

test this point butter fat was weighed into several 10 and 30

per cent, thoroughly cleaned bottles, together with sufficient

separator skim milk (which had been previously tested) to make

the contents of the bottles weigh 18 grams. Sulfuric acid was

then added and the test completed as usual. The results are as

follows :
—
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As ill the former trials, reading to tlie top of the meniscus

gave high results, proportional in most cases to the diameter

of the graduated neck; reading to the bottom of the meniscus

gave results more nearly corresponding to theory, while the re-

sults with the alcohol method were quite uniform and consistent.

The high results obtained by attempting to read to the bottom of

the meniscus in the case of the three cream bottles was due to

the cloudiness of the fat, which made an accurate reading diffi-

cult, if not impossible.

Webster and Gray,^ as a result of experiment, recommend

the following procedure, in reading cream tests :
" Eead from

the bottom to the extreme top of fat column, then read the de^'th

of the meniscus and deduct four-fifths of it from previous read-

Hunziker - advocates reading to the bottom of the upper

meniscus and adding one-third of meniscus to reading in cream

tests.

The introduction of any factor in reading the test tends

toward making the method more complicated, and one unac-

quainted with its scientific aspects may discredit it entirely.

With our present knowledge, and pending further investigation,

the writer would advocate reading the tests made in 10 per

cent, milk liottles from the bottom to the extreme top of the

fat column, including the meniscus, as is now generally prac-

ticed ; while for 30 per cent., G-inch Connecticut cream bottles

the reading should be taken from the extreme bottom of the fat

column to the bottom of the upper meniscus, preferably by the

use of alcohol, as described either by Eckles or Farrington.

* Bulletin 58, Bureau of Animal Industry, United States Department of Agriculture.

2 Report read before annual meeting of Official Dairy Instructors and Investigators Associa-

tion, at Milwaukee, 1909.
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THE USE OF THE ZEISS IMMERSION KE-
FRACTOMETER IN THE DETECTION OF
WATERED MILK.

BY P. H. SMITH AND J, 0. EEED.

The campaign before the 1910 session of the Massachusetts

Legislature, for a change in the milk standard, brought promi-

nently to the public mind the question as to Avhether slightly

watered milk mi<>ht be detected and differentiated from normal

low-grade milk by methods available to the analytical chemist.

Li addition to the relative proportion of solids and fat, the index

of refraction of the milk serum, as determined by the Zeiss im-

mersion refractometer, has been advocated as a valuable aid in

the detection of added water. The details of this method were

perfected by Leach and Lythgoe -^ who claim, after careful inves-

tigation, that " if a milk serum is found with a refraction lower

than 39, it is safe to allege that the sample was fraudulently

watered, especially if, in addition to this, the solids not fat stand

below 7.3 per cent."

In order to obtain further light on the subject we have made

a complete analysis of the milk from three herds, together with

the analysis of several samples systematically skimmed and.

watered. The analytical methods used were those advocated by

the Association of Official Agricultural Chemists, while for deter-

mining the refractive index the procedure given by Leach - was

adopted. The results follow in tabular form :
—

' Thirty-fifth annual report, Massachusetts State Board of Health , 1 903 , p . 483 ; Journal Amer-

ican Chemical Society, 1904, 26: 1195.

* Food Inspection and Analysis, Leach, p. 765, published by John Wiley & Sons, New York.
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Norfhampton State Hospital (Holsteins).

NtTMBER.



150 EXPERIMENT STATION. [Jan.

]\Infisnch9isfftf< Agricultural College Herd.

No.



1910.] PUBLIC DOCUMENT— No. 31. 151

Miscellaneous A nnli/ses.
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cent, of water and 10 per cent, of skim milk, without positively

detecting its presence by the aid of the refractometer.

5. It is believed that the Zeiss refractometer will prove very

helpful in the detection of added water in milk. The evidence

furnished, however, must be considered in connection with that

secured by direct chemical analysis.

It is believed that the percentage of ash in milk is likely to

prove fnlly as helpful in many cases as the index of refraction

in detecting the presence of added water. Mixed milk falling

substantially below .70 per cent, of ash must be regarded with

suspicion, and that testing below .65 per cent, of ash as watered.

The impression held by some milk inspectors and producers,

that the immersion refractometer will detect very small amounts

of added water, is erroneous. Such an impression, firmly fixed

in the minds of unscrupulous producers and dealers might have

a salutary eft'ect, but it is not justified by results in actual

practice.
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MALNUTIUTJON.

BY G. E. STOXE.

Malnutrition is a term referring to certain pathological con-

ditions in a plant which result from the improper use of plant

foods. It may occur from a lack of plant foods of any kind, or

starvation ; or it may result from an excess of some particular

plant food.

An increasing number of troubles has been called to our

attention the past five or six years which have been found to be

typical cases of malnutrition, induced by an excess of some par-

ticular substance in the soil. By far the larger number occur

in greenhouses, being found chiefly in the houses of growers

of limited skill and experience in handling greenhouse crops.

These troubles all originate from an injudicious use of com-

mercial fertilizers, or from applying certain manures to crops

in excess of what they can stand.

The symptoms of malnutrition, as might be expected, are

more or less specific, the nature of the response depending not

only on the crop but also on the nature and amount of plant

food used. Identical stimuli may produce different effects upon

different individuals, or plants remotely related to one another

may react similarly. The reaction of the plant to stimuli is

dependent more upon its individuality than upon the nature of

the stimulus which might give rise to any series of responses ; in

other words, the principal factor determining the nature of the

reaction is more a property of the individual than one associated

with the stimulus.

In some cases an excess of fertilizers causes burning of the

roots, which results in the death of the plant, but these are not

necessarily cases of malnutrition, since by the rapid and more

or less complete destruction of the root system little or noue of

the substances is absorbed. Burning and collajise of the root
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system also have been observed where an excessive amonnt of

nmriate or carbonate of potash had been applied, and an excess

of tannin, such as is found in the sawdnst from certain trees,

will canse the roots of plants to turn yellow and eventually die.

The effects of chemical substances on roots are not always

the same, although ultimate death may follow their use. Certain

chemical substances, on coming into contact with the roots, may

merely cause plasmolysis of the cells. The immediate result

here may not be death of the cells, but if the cells remain in a

state of plasmolysis for any length of time, the collapse of the

plant follows.

Any substance in the soil which aifects the osmotic tension or

turgidity of the cell would naturally })revent root absorption,

and if the plant was trans])iring very freely it would sooner or

later w^ilt and collapse. On the other hand, a large number of

chemical substances act as direct poisons to the protoj^lasm, kill-

ing it the moment of contact.

By far the largest nuud)cr of cases of malnutrition which have

been brought to our notice arc found in greenhouse plants, al-

though outdoor crops are by no means wholly free from it. ( on-

ditions in a greenhouse are entirely different from those out-

of-doors. The frequent rainfalls, together with the action of

frosts in winter, naturally hasten the process of leaching, and

soil in the field which might become abnormal from injudicious

fertilizing is kept in a normal condition. In the greenhouse

the leaching is not so thorough, since the water and plant food

are usually confined to the surface in a concentrated form.

Moreover, in the greenhouse new supplies of plant food are being

constantly added, and in the end do harm. When the soil is

treated with hot water or steam, as is often the case, additional

soluble food becomes available, which, in a soil already rich, is

likely to produce ideal conditions for malnutrition. It would

appear from the results of our experiments and observations that

by far the greater amount of troul)le from malnutrition comes

from excess of nitrates in the soil.

Some years ago a potted specimen of a Johnsonian lily which

had a number of eruptions or blisters on its leaves was called

to our attention. These reddish blisters, on careful examination,

showed no evidence of the presence of fungi or insects. The
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cells in the vicinity of the blisters, however, indicated that they

had been greatly stimulated. This had resulted in excessive cell

division, causing rupturing and a ragged, wounded appearance

of the tissue. An experiment with perfectly healthy lilies was

made, in which the plants were liberally fertilized with Chili

saltpeter, and in a short time we obtained practically the same

characteristics, that is, the blisters or eruptions. Blisters de-

veloped on a cyclamen were also observed, and were shown to be

due to an excessive use of nitrate of soda.

Many cases of injury from overwatering and forcing have

come to our attention in connection with such plants as carna-

tions, tomatoes, etc.

The effects of nitrates on plants have long been known, and

instances are mentioned by Czapek. Cases have been brought to

our attention several times where tomato plants have been af-

fected by the excessive use of fertilizers, and tests of the foliage

for nitrates revealed an excess in the leaves. The tomato leaves

in such cases had a curled and crinkled appearance, caused by

the contorted vascular bundles or veins. A somewhat similar

contortion of the foliage has been observed by us in soy beans

when grown under certain conditions. These symptoms have

been occasionally found in the field as well as in plants growing

in pots in the greenhouse, and analyses have revealed an excess

of nitrates in the foliage.

Greenhouse cucumbers are more susceptible to injury from

manures and fertilizers than any crop known to us, and produce

more cases of malnutrition than any of the others grown under

glass. The condition of the soil which will destroy a crop of

cucumbers will nut, however, affect lettuce or tomato plants,

while a rose or carnation plant might appear underfed in such

a soil.

Erom a long experience in growing cucumbers under glass,

as well as years of experimenting with this crop, and annual

observations on a lar2;e nundier of commercial houses in the

State, we are convinced that it is not safe for the ordinary

grower to apply commercial fertilizers to a crop of this kind.

Commercial fertilizers undoubtedly could be used on cucumbers,

but would have to be used very sparingly, and only with the

advice of the expert.
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The best soil for cucumbers is composed of loam, decomposed

sod and horse manure. Xo other manure of any kind is neces-

sary, and should not be applied except sparingly, and as for

commercial fertilizers, none should be used except ground bone

and wood ashes, and it is questionable whether these are of any

value. Cucumbers require a porous soil, and this is furnished

by the sod and horse manure. When growing in solid beds the

crop can be treated with horse manure if necessary to furnish

underground heat, but trenching of the horse manure should be

at least eight inches or one foot below the surface.

Malnutrition in cucumbers is characterized by a rolling of

the foliage, producing a convexity of the upper surface of the

leaf. The edges or margins of the leaf may or may not be

slightly burned or dead, but this symptom is often associated with

malnutrition. This latter condition may also be caused by a

lack of root absorption and excessive transpiration. In extreme

cases, besides the more or less severe curling of the leaves, the

vascular bundles or veins become badly contorted, the leaves

arrested in growth and the apex of the stem curled up into a

mass ; and plants once in this condition may remain so for

weeks. There is, however, a certain amount of plasticity in

cucumber plants, as in all others, and they sometimes succeed in

adapting themselves to extreme conditions, and showing some

attempt to recover or outgrow these symptoms. In very severe

cases, such as were found to be associated with a rich soil to

which had been added an excessive amount of pulverized sheep

manure, and which had received the hot-water treatment, the

fruit becomes mottled and irregular in shape, the surface often

presenting excrescences or tubercular growths.

We have had occasion to observe a large number of cases of

malnutrition in greenhouses in this as well as in other States,

and a few of the conditions which produce it may be mentioned

here. It should be pointed out that practically all greenhouse

growers of cucumbers start with a well-manured soil composed

of sod, loam and horse manure. A soil prepared in this way is

suitable, without the addition of anything else for the normal

production of cucumbers, ap,d even if well supplied with horse

manure it is not likely to produce cases of malnutrition. There

is, to be sure, much difference in horse manure, some being much
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more concentrated than others, but we have grown cucnmhers in

boxes in soil to which 75 per cent, of horse manure had been

added without producing any abnormal symptoms. Excessive

use of horse manure, especially if it is too strong, may cause

symjitoms of malnutrition, but no trouble should be caused by

a careful use of this manure each vear. Constant waterinc; of

cucumber plants with liquid fertilizer or manure of any kind will

cause malnutrition, and the addition of pig or cow manure to the

horse manure, or the use of either alone, is very likely to produce

it. We have frequently observed trouble from the use of pig

manure mixed with horse manure, and Professor Whetzel of

Cornell University has called our attention to the injury caused

by this combination in New York State. In one particular case

the plants, in addition to being treated with horse manure con-

taining considerable amounts of pig manure, were watered fre-

quently with a strong decoction of these manures.

Some of the most severe cases of malnutrition we have ob-

served resulted from the use of hen manure worked into soil

already provided with an abundance of j^lant food, such as

would be obtained from a constant use of horse manure. In

practically all the instances which have come to our notice

where hen manure had been applied rather freely, symptoms of

malnutrition have followed.

A more recent tendency among cucumber growers is to make

use of dried, pulverized sheep manure, either alone or in combi-

nation with cow manure. Two cases of malnutrition in cucum-

ber houses have recently been brought to our attention, one ex-

tremely severe and the other more or less so. These were caused

by the use of pulverized sheep manure and various fertilizers.

One grower, having some 2,800 feet in length of houses, applied

3 tons of pulverized sheep and cow manure, with the result that

the whole crop died. This house had been used for some years

without changing the soil, and had received every year probably

from 30 to 60 tons per acre of horse manure. The soil was

naturally in good condition, and had plenty of plant food with-

out the addition of the sheep manure. The malnutrition symp-

toms were so marked on this crop that even the young seedlings

were affected. In addition to this the hot-water treatment was

used, which only served to aggravate the trouble.
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We have recently seen another case in which the phmts in

a range of houses about 1,800 feet in length were more or less

affected. Besides the application of horse manure for a num-

ber of years, the houses had been treated with cow manure, va-

rious kinds of phosphates, nitrate of soda, lime, hen manure

and pulverized sheep manure, as well as hot water. Different

types of greenhouses were represented in this establishment, and

the houses were also of different ages. The older houses, which

had been manured and fertilized the most heavily, were decidedly

the worst. The new houses, where less manure and fertilizer

had been applied, were least affected. In the older houses it

had become almost impossible to grow good crops of cucumbers,

but fairly goods crops were growing in the new houses. These

houses had been used occasionally for growing other crops,

like tomatoes and radishes, which were not affected in any way.

This practice of rotation is beneficial, and has a tendency to

make the soil more suitable for cucumber growing.

The extensive use of nitrate of soda is responsible for many
cases of malnutrition. We have demonstrated by experiments

that potted plants of cucumbers watered with potassium or

sodium nitrate will wilt in the sunshine more quickly than those

treated with water alone. Nitrate of soda, when used in green-

houses, often acts by preventing root absorption. As a conse-

quence of this reduction of the root absorptive capacity of the

plant, particularly when the house is warm and dry and trans-

piration very active, the leaf edges of the cucumber wilt and die,

which causes a rolling of the leaf or convexity of the upper

surface.

Wetting down the soil with hot water, or steaming it, as al-

ready pointed out, is favorable to malnutrition, for the reason

that a considerable amount of plant food already in the soil is

by this practice made more available. This is shown by the

greatly increased growth of plants in such soil, and the in-

creased number of bacteria present.

In the growing of greenhouse crops of all kinds, manure is ex-

tensively used. For example, lettuce has been grown for forty

years in soil which has been repeatedly manured with horse

manure and straw, and no indications of malnutrition caused

by this extensive manuring have ever been noticed. It is gen-
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crally cousidered tliat the older a lettuce soil, the better it is for

this crop, hut if commercial fertilizers are employed indiscrimi-

nately in a lettuce house already well supplied with plant food,

the chances are that a case of malnutrition will result.

Roses, carnations and violets require a rich soil, and a con-

siderable amount of manure is used by floriculturists in their

soil. Cases of malnutrition are prevented here by never grow-

ing these crops in the same soil more than one year, the benches

being refilled Avith fresh soil each year. A typical rose soil is

composed of one-third loam, one-third pulverized sod and one-

third cow manure. In addition to this, the plants are watered

once a week with a strong liquid manure. Cases of malnutri-

tion with this treatment seldom if ever occur with roses.

A few years ago an experiment was conducted in one of our

houses devoted exclusively to the growing of American Beauty

roses. The soil was prepared as described above, and liquid

manure was applied freely once a week or oftener. The first

year the roses did well, and for the jDurpose of experiment Ave

attempted to grow a ncAV crop of roses in the same soil which

had been used the previous year. The soil was partially ren-

ovated by the addition of new sod and some cow manure, and

besides this it received its customary application of liquid cow

manure. The plants had not been in the soil many weeks, how-

ever, before they commenced to die, and it was not unusual for

a number to die in a single week. The results of this experi-

ment were only what was expected, but a careful examination of

the plants was made which showed them to be free from patho-

genic organisms. The roots, however, were in a bad state, their

condition showing plainly what was the matter. Since it Avas

thought that this experiment had then proceeded far enough,

we decided to flood the beds with water, and make analyses of

the percolate Avhich came through the bottom of the beds. The

beds were flooded for tAvo hours each, and the water that came

through first Avas, as might naturally be expected, highly colored,

Avhile that Avhich came throngh later Avas clearer. The last

percolate, after two hours' drenching, Avas remarkably clear.

Samples of this Avater Avere collected at intervals of every fifteen

minutes, and chemical tests for acids and other substances were

made. The results of the analj^ses Avere quite surprising, and
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it was difficult to conceive of any plant living under such con-

ditions. After the soil had been drenched and the injurious

substances washed out, not a single death occurred among the

plants.

The question was put to a number of florists, through a leading

florists' journal, why they changed their soil in growing roses,

carnations and other plants. None of the growers gave a satis-

factory reply ; they simply knew from experience that it was not

j)racticable to attempt to grow these crops in the same soil two

consecutive seasons. An analysis of the percolated water showed

such large amounts of soluble compounds that it is not surpris-

ing that the plants failed to grow.

One occasionally finds instances of what appear to be typical

cases of malnutrition in the suckers on stumps of trees on cut-off

woodland. Different species of trees develop different symptoms

in their leaves when growing from the stumps. In some cases

the leaves are abnormally large, and in others they are highly

colored and more or less contorted or malformed. Here we have

an instance of a small amount of foliage being supplied with food

from a root system which formerly supported a large tree, and

this excess of food supply causes, as it were, congestion. Chem-

ical analyses of these abnormal leaves, made by Mr. G. 11. Chap-

man in our laboratory, show them to be unusually rich in ni-

trates. A feature often observed by us in connection with these

growths, but which may possibly be of no significance whatso-

ever, is their greater susceptibility to attacks of aphids. It is

not improbable, however, that their abnormal chemical condition

would affect their natural immunity to attacks from aphids

and other insects.

From the nature of the conditions causing malnutrition, a

remedy is not difficult to find. It is first essential, of course,

to be careful in the use of manures and fertilizers. If the soil

in a house has become unfit for use from the injudicious applica-

tion of manures and fertilizers, subsoiling may be done to good

advantage. Washing out the soil thoroughly, as previously

described in our experiments with roses, would also prove helpful

in some cases, but it should be pointed out that there is more

danger in a soggy soil to cucumber roots than those of roses. If

leaching out has to be done when the plants are in the soil, it
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should be done only in sunshiny weather, when the soil will dry

out quickly, so that its original porosity can be regained by culti-

vating. It is always best to use any such treatment as this, if

possible, when there are no plants in the soil.

Another succesful treatment consists in covering the surface

of the soil with two or three inches of loam. We have fre-

quently seen this done with the best results. N^ew roots have

quickly formed in the loam, and these have supplied the plant

with food proper to its development.
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CALICO OR MOSAIC DISEASE OF CUCUMBER
AND MELON.

BY G. E. STONE.

For a number of years our attention has been called to mot-

tled cucumber leaves occasionally found in greenhouses. This

trouble has the same characteristics as the so-called '* calico " on

tobacco, or " mosaic disease/' as it is often termed. It also oc-

casionally occurs on other plants.

A case of calico was noticed on melon plants grown under

glass in the^ department's conservatory the past summer. Ouly

four plants were affected, and there was no evidence of contagion

or infection. This disease, so far as is known, is not associated

with pathogenic organisms, and little is known concerning it.

The trouble is characterized by a mottled or spotted appearance

of the foliage, and the whole plant appears abnormal. The

]ilants were growing in soil well enriched with horse manure, and

in all cases the laterals were kept pruned, and the affected

plants topped. A similar spotting and mottling occurred on

pruned tomato plants, and was more abundant when the plants

were topped than when the laterals were pruned.

A study of this peculiar and little known trouble is now being

made by Mr. G. H. Chapman of this department.



164 EXPERIMENT STATION. [Jan.

NOTES ON THE OCCURRENCE OF FUNGOUS
SPORES ON ONION SEED.

BY GEORGE H. CHAPMAN.

It has been found in the seed separation and germination work

in this dei^artment that spores of various fungi are often found

on market seeds. This has been especially noticed in the germi-

nation work, for in many cases, no matter how carefully the

germinating dishes were sterilized and the tests carried on, some

of the samples would mold much worse than others. It was also

thought that in the case of onion seed the spores of onion smut

might be carried from one locality to another, and thus spread

the disease in that way.

Under the direction of the head of this department several

samples of onion seed were examined during the past year and

the different kinds of spores present noted. The method of ex-

amination was as follows :
—

A representative sample of the lot was taken, and then of

this sample about 15 grams were shaken up with warm, dis-

tilled water for ten minutes. The supernatant liquid was then

drawn off in a pipette and drops placed on a slide for examina-

tion. Several examinations of each sample were made and the

different kinds of spores found were noted. This method of de-

taching the spores may be open to objections, but it is thought

that enough of the spores are detached to give an idea of the

different kinds present.

In all, ten different samples of seed were examined, and in two,

onion smut spores were found in small quantity. It has been

the generally accepted opinion that the smut spores do not occur

on the seed, but this idea is probably due to the fact that only

in very few cases do these spores appear to be present. From

our results we are forced to conclude that onion smut spores may
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be found on seed and may thus be transferred from one locality

to another. They were also found last season by Dr. G. E.

Stone of this department.

As stated above, in ten samples of seed, two were found to

contain spores of onion smut, and in addition nearly all con-

tained mold spores, such as Penicillimn (blue mold), Mucor

(bread mold), etc. These mold spores may to a certain extent

be on the seed before it is gathered, but the probabilities are

that the seed becomes contaminated after gathering, during the

cleaning and drying processes, and results from improper drying

and cleaning or dampness in the storehouse. Other spores and

pollen grains were found which were in no way associated

directly M'ith onion diseases. These are perfectly harmless and

come from various sources. Among these may be mentioned

various conidia and rust spores which do not have the onion for

a host.

Among the spores found which cause diseases of the onion

were Urocystis cepidce (Frost) (onion smut), Macrosporium

Porri (Ellis) (brown mold) and Peronospora Schleidenina

(D By) (downy mildew). The spores of these fungi do not, of

course, inhibit the germination of the seed.

The presence of smut spores and others is objectionable in the

seed since the ones just mentioned are capable of causing infec-

tion to the crop, and the molds cause the molding of the seed,

thus lesseiiing the vitality of the seed and sometimes killing it

during a germination test.

Macrosporium Porri, the so-called brown or black mold, affects

seed onions. Peronospora (downy mildew) spores were found

in many cases, and this disease has occasionally caused some

trouble in Connecticut and elsewhere. This disease, like the

preceding one, is confined to seed onions, the fungus penetrating

the tissue in all directions, causing a yellow, sickly looking

growth, eventually killing the plant. The summer spores, or

conidia, are very short lived, however, and do not retain their

vitality for any length of time, but the oospores or resting spores

are capable of propagating the disease from year to year.

The kinds of spores found in each sample are shown in the

following table.
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N^o attempt has been made to specifically identify many of

these spores as that is not within the scope of this experiment.

By disinfecting and sterilizing the seed used for germination

tests, and also for planting, it is believed that much of this ex-

cessive molding may be prevented. Work of this character is

being carried on in this laboratory. Some favorable results have

been obtained, but these have not been verified sufficiently to

warrant publication at present.
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PLANT BREEDING STUDIES IN PEAS.

BY F. A. WAUGII AND J. K. SHAW.

The department of horticulture has had various plant-breeding

investigations under way for several years. These have in-

cluded studies in variation, correlation and heredity in peas.

Two reports on this general subject have already been made.^

The year 1909 has enabled us to collect a large amount of ad-

ditional data, the most interesting of which are here presented.

Chaeacter of Variation in Peas.

At the beginning of these experiments, a commercial strain of

Nott's Excelsior was made the basis of study. The same strain

has been maintained till the present time, so that we may now
discover whether or not the range and character of variation have

changed. In looking over the figures, it must be remembered

that absolute figures have been greatly affected by the nature of

the growing season. Thus, in 1908, with severe drought on

naturally dry land, the size of plants and all other measurements

fell very low. With this in mind we may profitably study the

following table, giving statistics of variation for three years :
—

' Massachusetts experiment station report, 20, p. 171 (1908), and Massachusetts experiment

stationreport, 21, p. 1G7 (1009).
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Variation in Peas— Nott's Excelsior.
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only 6 show decided sliift. Counting the disagreements in rank

1)V nnits, the results are as follows: —

111 vine lengths, ........ 16

In pods per vine, ........ 20

In peas per plant, .20

These figures indicate once more the relative stability of the

vegetative character— vine length— as discussed in paragraph

2 above.

COREELATION OF CHARACTERS.

In former reports, some figures have been given on correlation

of character, jjarticularly between the average number of peas

per pod and the number of pods per vine. It might be supposed

that the vines bearing the largest number of pods would have the

smallest pods with fewest peas. The general fact seems to be the

contrary,— a fact which is of considerable practical importance

in the development of prolific strains and varieties.

This year we have fresh figures at hand for three separate

groups. Series I. consists of a number of strains of Xott's Ex-

celsior, all having the same origin. They are, in fact, the same

plants spoken of as Strain A, Strain B, etc., in the experi-

ments reported herewith, p. 170,— the whole series being com-

bined for the purposes of this computation. Series II. is the

group of Xott's Excelsior from which the progenitors of Series

I. were selected in 1907. Series III. is a strain of Earliest of

All which we have had under study for two years.

Taking this material, therefore, and computing the correla-

tion coefficients (in which complete correlation equals + 1 and

no correlation equals ) , we get the following results :
—

Correlation Coefficient.^

Series I. (Nott's Excelsior), . . . — .0081 ± .0012

Series II. (Nott's Excelsior), . . . + .1300 ± .0095

Series III. (Earliest of All), . . . +.3200^.0120

1 It is probable that the coefiBcient of Series III. most nearly represents the true correlation,

and the lower coefficient for Series I. and possibly Series II. is due to rather strict selection that

has been practiced, Series I. being the second generation from 10 selected plants. See Pearson,

Phil. Transactions A, Vol. 193, p. 278; also Rietz, Biometrika, Vol. VII., p. 106.
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In Series I. no relation between nnmber of pods and peas per

pod is shown. In Series 11. there is exhibited a distinct ten-

dency toward the production of the largest and fullest pods on

those plants which produce at the same time the largest num-

ber of pods ; and this tendency becomes fairly emphatic in

Series III.

Heeedity in Peas.

One of the prime objects in this series of experiments has been

the study of heredity. We have wanted to know in what degree

the various characters were transmitted in peas. Some figures

in this field were published last year.^ The figures this year are

still more interesting, especially when compared with last year's

results.

The reader may know that heredity is now commonly calcu-

lated by a mathematical formula which gives results theoretically

varying between + 1 and— 1 (practically between + 1 and 0).

Ordinary inheritance, in which parental characters are trans-

mitted in the usual degree, will show a coefficient of +.25 to

+.40. Larger coefficients are rare ; lower coefficients are sur-

prisingly frequent. Taking our peas in Series I. (omitting

Strain C on account of its abnormal character), we secure the

following heredity coefficients from the crop of 1909 :
—

Coefficients of Heredity.

Vine length, + .24S3 ± .01G4

Pods per vine, + .0792 ± .0017

Total peas per vine, + .0544 zt .0018

Here it will be seen that vine length is transmitted much more

fully than either of the other characters. This fact is apparently

closely related to the one mentioned above (p. 170). The vegeta-

tive character is more stable and is more jDcrfectly transmitted

than the reproductive characters.

Peepotency.

In all old-time discussions of heredity, much was made of

prepotency. Though this word and the idea have to a large

extent been submerged in recent discussions of plant breeding,

' Massachusetts Experiment Station Report, 21, p. 171 (1900).
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the idea is still sound and the word still holds. Moreover, the

facts are of great practical importance to the actual breeder.

The question is, Does one individual transmit its characters

more perfectly and surely than another ? In order to answer

this question, it was found necessary to adopt a new method of

calculating coefficients of heredity, explained in the article re-

ferred to.^ The study of the material which we then had in

hand seemed to give a positive answer to the main question.

Apparently, certain individuals did show decided suj)eriority

over others in their ability to transmit their characters to their

offspring. This conclusion seems to be confirmed with all the

other material which we have been able to studv, and it would

be very interesting to see the same method— or some improve-

ment of it— applied to other plants and animals. For the

present, the most interesting feature of our experiment lies in

a comparison of the prepotency of parent and offspring,— in

an attempt to answer the question whether prepotency is in-

herited or not.

In the following tables we will present first the figures shoW'

ing the inheritance of vine length, then those dealing with pods

per vine, and finally those dealing with total peas per vine. In

each case we present first the coefficients of heredity (computed

as shown in the footnote), followed by figures denoting the rank

of the several strains in each comparison. The designations

fi, f^ and f;; will be understood at once by students of threm-

matology. They refer to the three generations of peas com-

pared : fs represents the crop of 1909, fo represents their parents

(crop of 1908), while fi represents the grandparents, with which

this experiment began.

' Ihii., p. 172. The formula is C =— •

(tD

C =: coefficient of heredity.

a = standard deviation.

D = difference between the numerical value of the parent character and the

mean of the same character in the progeny.

This we have been calling "Waugh's formula," for the sake of a distinctive name.
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Coefficients of Heredity — {Prepotency).

Vin^ Length.
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3. In the transmission of pods per vine, Strain J loads by

a good margin ; while in the transmission of total peas per vine,

Strains B and J stand equal.

4. Strain K, Avhich in last year's comparison stood first in

every column, now, in the whole comparison, ranks first in the

transmission of vine length, seventh in pods per vine and third

in total peas.

It seems fair to conclude, in general terms, that a careful study

of prepotency will sometimes reveal tendencies sufficiently

strong and trustworthy to be useful to the practical plant breeder.
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THE BEN DAVIS GROUP OF APPLES.'

BY J. K. SHAW.

It is generally agreed by pomologists that the most feasible

and satisfactory method of classifying varieties of fruits is by

segregating them in groups typified by more or less well-known

sorts, each differing in considerable degree from the type of the

neighboring groups. Many writers speak of the Ben Davis

group, but so far as is known to the present writer the only real

attempt to single out the members of this group is that given by

Hedrick, Bui. 275 of the Xew York State Experiment Station.

Starting with the group as given here as a foundation, a

somewhat thorough examination of all available literature and

suggestions from several men, authorities in systematic pomol-

ogy, gave a list of forty varieties which were considered as can-

didates for this group. In order to decide, with some feeling

of certainty, just which of these properly belong here would

require much longer time and more material than has been avail-

able. The personal study of material was necessarily limited

to the fruit with nearly everv variety, and with many of the

varieties it was impossible to obtain specimens, making it neces-

sary to rely upon printed descriptions and the opinions of others^

and everything of this kind available has been carefully con-

sidered.

As a result of this study the following varieties are believed

to belong here, and are separately considered and described in

this paper :
—

• This article is a condensation of a part of a thesis presented to the faculty and trustees of the

Massachusetts Agricultural College for the degree of M.S. The work was done under tlio direction

of Prof. F. C. Sears, and special thanks are due him and to Prof. F. A. Waugh for advica and en-

couragement in the work; also to many horticulturists, fruit growers and others who have sup-

plied information regarding the different varieties.
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Arkansas Beauty.

Arkansas Belle.

Beu Davis.

Ben Hur.

Bhick Ben Davis.

Coftelt.

Cole Davis.

Eicke.

Etris.

Extra.

Flat Ben Davis.

Gano.

Improved Ben Davis.

Nordhaussan.

Ostrakavis.

Paris.

Shackleford.

Shirley.

Sweet Ben Davis.

White Ben Davis.

Many of these are of minor importance, and doubtless some

are not propagated and will soon disappear from cultivation.

Almost without exception they are of southern origin and best

adapted to growing under southern conditions. When grown

north of the southern Missouri and Ohio valleys they are in-

ferior in quality, though fairly hardy and bearing good crops.

The fruit is generally roundish conic in form, nearly regular,

with regular cavity and basin, the latter generally more or less

abrupt. In color, greenish yellow, usually overspread with

bright red, more or less striped. The flesh is generally Avhite

and firm, of medium or coarse texture. They are of oidy

moderately good quality but long keepers and good shippers.

With oue exception they are more or less acid in flavor, generally

a mild subacid. A notable characteristic common to all varie-

ties examined was the presence of a pistil point or the persistent

base of the pistil, a character rarely found in apples not belong-

ing to this group.

Description of Varieties.

Arkansas Beauty.

I have not seen this apple and have been able to learn little

about it. Stinson gives the following description and notes con-

cerning it :
—

. •

Size, medium to large ; form, roundish, slightly inclined to conical

;

stem, very long and rather slender ; cavity, small, smooth ; basin, small

;

core, open, with a peculiar marking of a white gTowth or downy sub-

stance in seed cavities; color, skin yellow, striped with two shades of

I'ed, rather dull in color, giving it a brownish-red ai^pearance; flesh,
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yellow, fine grained, subacid and very good, juicy. It is grown to

some extent in a few sections of the State; it is probably more grown

in Johnson County than elsewhere. It has not proved valuable.

A7'Tcansas Belle.

This variety very closely resembles the Gaiio, and it has been

claimed that the two are identical. A letter from Mr. L).

Branchcomb of lihea. Ark., states that he planted the seed from

which grew the original tree. It does not seem to have been

much planted and i)robably will not be, as it does not appear

that it is in any way superior to the Gano.

Be7i Davis.

The place of origin of this variety has always been in doubt.

Downing, in " Fruits and Fruit Trees of America," edition of

1857, says it is supposed to have come from Todd County, Ky.,

but in the edition of 1872 he says that the origin is unknown.

It has been attributed to Virginia, ISTorth Carolina, New York,

Missouri, Kentucky and Tennessee. The statements giving New
York and Missouri origins are without doubt erroneous. Those

attributing it to North Carolina and Virginia are to the effect

that the trees or scions were taken from one or the other of these

States to Kentucky, from whence it was disseminated. So far

as the writer is aware, there is no record of its occurrence in

either of these States except as introduced from outside nurs-

eries. It is extremely probable that the apple originated or at

least was first propagated from scions in either Kentucky or

Tennessee. The late Wm. M. Howsley of Kansas gives the

following account of its origin :
—

In the year 1780, Wm. Davis and John D. Hill emigrated to Ken-

tucky and settled in that part of Logan County now called Butler

County. Tliey located near Capt. Ben Davis, the brother of Wm. Davis

and the brother-in-law of Hill. A few years afterward. Hill returned

to Virginia on business, and when he returned to Kentucky he brought

some apple grafts with him. Hill and Wm. Davis raised fruit from

these grafts. Capt. Ben Davis, finding the apple a desirable one, gi'afted

the same for himself, as well as raised a young nursery of it. These

Avei'e sold throughout the country. For want of knowing any other

name, the people called it the Ben Davis apple. The Davis family,

however, called it the Virginia Pippin.^

> Watts, Bulletin Tennessee Experiment Station, IX., 1, p. 7.
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Mr. J. C. IloJges of Morristown, Tenn., thinks it is a Ten-

nessee apple, and gives the following story of its origin :
—

During most of the first half of the present century, and up to 1860

or thereabouts, there lived on Nolichucky River, within this (Hamblin)

county, a wealthy farmer whose name was Ben Davis. His son, R. A.

Davis, resides now at White Pine, Jefferson County, Tenn. On the

farm owned by Ben Davis originated the apple in question. From the

original tree others Avere proj^agated, and for many years before the

death of Ben Davis he raised and harvested large quantities of these

apples. The house of Ben Davis was on the great stock route from

Kentucky to the Carolinas. Many drovers made it a point to stop

with him in going and returning to the south. It was his custom to

supply their saddle bags with these apples, esjiecially on their return

trips. There was no name of the apple knoAvn to them, so they called

it the Ben Davis. Grafts or scions Avere taken to Kentucky, and the

apple was projiagated and disseminated there before it was in Ten-

nessee. I have obtained these facts on personal inquiry from the sons

of Ben Davis, above mentioned. And besides, these facts are well

known in the neighborhood among the older i^eople.*

The writer has made considerable effort to follow up both of

these accounts and to ascertain if either one is the true history

of the variety.

Concerning the Kentucky account, Mr. Ben McKenney of

Maquon, 111., states that the Ben Davis mentioned, who was his

grandfather, lived at Berry's Lick, Butler County, Ky., and that

it was from a neighbor of his, Nat Porter by name, that Dr.

Housely obtained the account above given. Ben Davis was a

nurseryman as well as a farmer and introduced several other

varieties.

Concerning the Tennessee account, a letter from Mr. Hodges

expresses the conviction that this is the true origin of the variety.

It is stated by a daughter of this Ben Davis, who is not con-

nected with the Kentuckian of the same name, that the original

tree, which was well known to her, was destroyed in 1860, and
that it was eighteen years old at the time. This would seem
to indicate that this was not the original Ben Davis tree, as

the variety was well known over Kentucky, southern Indiana and
Illinois at about this time. Mr. Hodges, however, expresses the

belief that this particular tree was a sprout from the original,

» Watts, Bulletin Tennessee Experiment Station, IX., 1, p. 7.
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which would seciu reasoiial)]c, for Ben Davis died in 185S at the

age of fiftj-six, or soon after the earliest date at which this tree

could have borne, and in this case he could not have been con-

cerned with the growth and distribution of the fruit, as it seems

beyond question that he was. The writer has attempted to

learn the facts about this, but thus far without success.

It would seem possible that the apple originated in Tennessee,

as related by Mr. Hodges, and that the fruit, carried by the

drovers into Kentucky, came to the notice of the Kentucky Ben

Davis, who lived on the route which w^ould bo traveled, and, be-

ing a nurseryman, he was attracted by the fruit and took steps

to secure scions, by which he propagated and disseminated the

variety. If this is true, however, it is hard to explain why the

apple was called the Virginia Pippin.

Another possible explanation is that the apple may have

" originated " twice, or, to put it in another w^ay, two varieties

appeared, one in Kentucky and the other in Tennessee, and both

were called the Ben Davis and resembled each other so closely

as to be confused; or it is even possible that the two were dis-

tinct, and that one of them was not the Ben Davis we now know

at all. A third possibility is that it first appeared in Kentucky,

and that the Tennessee tree was a graft derived from it.

That both the accounts are true in the main, at least, is not

doubted by the writer, and the Tennessee story is vouched for by

several people of prominence and reliability residing in that

neighborhood. It is likewise evident that the Avhole truth is not

set forth.

Wherever the place of origin may have been, the variety was

first brought to public notice from Kentucky. The first pub-

lished notice of it seems to have been in the " Horticulturist "

for 1856, and Dowming describes it in the "Fruits and Fruit

Trees of America," edition of 1857, as received from Mr. J. S.

Downer of Elkton, Ky. From this time on the mention of it in

pomological publications is frequent. At the time when Down-

ing descril)ed it it was spread over Kentucky, southern Indiana

and Illinois, and Avas known in Missouri. It is stated by

Ezekiel Honsingcr of Burnt Prairie, 111., that his father

grafted tlie Ben Davis in White County, 111., about 1825, ob-

taining the scions from a neighbor, ]\Ir. Funkhouser, and he
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DISTRIBUTION OF THE BEN DAVIS.
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from Mr. Newman, avLlo brought tlicm from Kentucky before

1820. Here is explained bow the variety obtained the names

Funkhouser and Newman. A nursery was established in this

neighborliood in 1830, and was instrumental in disseminating

the variety far and wide.

With the rise of commercial orcharding in this region, after

the civil war, the variety attained widespread favor, and it may

justly claim the first place among commercial varieties, taking

the country as a whole. No other commercial variety is so

widely planted, and none succeeds so well under such widely

varying conditions. It is a sure, abundant bearer, the tree is

vigorous, reasonably healthy, a good grower in the nursery, and

comes into bearing early, and the fine appearance and excellent

shipping and keeping qualities of the fruit are well known.

That it is of excellent quality as a dessert fruit no one will

contend, but much of its evil reputation in this way comes

through its being grown in localities where it should never have

been planted. When well grown, near the region of its origin, it

is not of poor quality; when grown in the colder north, it does

not have time to fully develop, and is most decidedly an in-

ferior apple.

An attempt was made by means of library research and by

correspondence to learn something of the limits of culture of

the Ben Davis. The map shown herewith shows approximately

the northern limit of the variety, and also what may be spoken

of as the Ben Davis belt, where this is easily the leading com-

mercial sort. It will be noted that the limit of hardiness is a

little north of the isotherm of an absolute minimum temperature

of— 30° F., indicating that a temperature of between 30° and

35° below zero is likely to kill the trees. In the Eocky Moun-
tains the limit of hardiness is indicated only in a general way,

as it here depends largely on altitude, and would be difficult to

accurately define.

It is interesting to note the coincidence of the limits of

the Ben Davis belt with the normal surface temperature for

July of 75° on the north, and, more especially, for 80° on the

south. In as much as the line showing the limits of the belt is

intended to show where it is actually grown, and not where it is

possible to grow it well, it is probable that it would succeed
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equally well farther to the southeast in the mountains of north-

ern Georgia and Alabama, and thus its southern limit of success-

ful growth conform more closely to this isotherm than is in-

dicated.

Ever since the Ben Davis became known, fifty or more years

ago, there has been much unfavorable comment on its quality,

and many have predicted its speedy disappearance from the

orchard and market. All the while the Ben Davis trees have

borne full crops and have filled the owner's pocket in years when

other sorts were delinquent in these most important qualities

of a commercial apple. During the past season (1908-09)

reply postcards were sent to over 225 nurserymen in the United

States and Canada asking the following questions
:

—
How do your sales of Ben Davis compare with those of other va-

rieties ?

In what States are your sales of Ben Davis increasing, and how

rapidly ?

In what States are they decreasing, and how rapidly?

In what States are they practically stationary?

Is it being replaced by other varieties, and if so, what ones?

One hundred and thirty-one of these cards were returned. A

few gave no definite replies, owing to various reasons, but from

the great majority the following facts are gleaned:—
Number reporting increased sales,

Number reporting decreased sales,

Number reporting no change.

8

59

27

From the replies to the question as to what varieties are re-

placing the Ben Davis the following summary is made
:

—
Number
of Times

mentioned.

Jonathan, . . • .26
Gano, . . . • . !•'

Winesap, . • •
.17

Arkansas {Mam. Blk. Twig), 15

Grimes Golden, . . .12
York Imperial, . • .12
Rome Beauty, . . . 9

Stayman Winesap,... 7

Northern Spy, ... 6

Stark, ..... i'

Arkansas Black, ... 5

Baldwin,

Esopus Spitzenburg,

Mcintosh,

Newtown Pippin, .

Delicious,

Wagner,

Missouri Pippin, .

Oldenburg,

Paragon,

Wealthy,

Number
of Tiniea

mentioned.

5

4

4

3

3

2

2

2

2



1910.] PUBLIC DOCUMENT— No. 31. 183

And the following, once eaeli ; Aiken, Black Ben Davis,

Blenheim, Belleflower, Cox Orange, Fameuse, Gates, Ingram,

Janet, Kinnaird, Maiden Blnsh, Oliver, Red Russett, Salome,

Transparent and Winter Banana.

It is evident that, on the whole, the sales of nnrsery trees of

this variety are decreasing, and with some nnrserymen with con-

siderable rapidity. One firm reports a falling off of one-half in

three years, another of 90 per cent, in five years and another of

50 per cent, decrease this year. One says, " We formerly grew

as many as of all others; now 5 per cent." A few say they

have ceased to propagate it. None report any marked increase

in sales. The firms reporting an increase are largely in New
York, and a few in Canada and some parts of the south.

Among the large nurserymen in the Ben Davis belt, the report

is almost unanimous that there is a falling off, and often a large

one. West of the great plains it is planted hardly at all. In

some parts of Maine and in southern Ontario and the Georgian

Bay district it seems to be slightly on the increase. In the

northwest prairie States it has not proved hardy and has been

discarded.

The variety mentioned the most times as replacing the Ben

Davis is Jonathan, which is of much better quality, and of the

others that are taking its place in the Ben Davis belt, York,

Winesap and Grimes Golden are notably better. In the north-

east Stark is coming in and the Mcintosh is gaining in

popularity. In the northwest the ISTorthwestern Greening is

increasing, and in New York and Ontario the Spy is frequently

mentioned. In the Pacific northwest it is scarcely planted at all,

and many of the bearing trees are being worked over to other

sorts, such as Jonathan, Gano, Rome Beauty, Newtown Pij^pin

and Esopus.

On the strength of this inquiry the writer ventures to predict

that the long-looked-for decadence of the Ben Davis is at hand,

and that twenty-five years hence it will have become a variety of

minor importance.

Description of Fruit. ^— Size, below medium to large, fairly uniform

;

form, roundish to roundish conic or oblong, base broad and flattened

I Descriptions are original where not otherwise noted. This description is intended to include

all forms of the variety as grown in the United States and Canada.
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to narrow and rounded, ajiex rounded to sharp conic, faii'ly regular,

slightly compressed, fairly equal sides, fairly uniform in any given

locality; color, clear greenish yellow, covered with dull pinkish red to

bright or deep red, 50 per cent, to 90 per cent, mottled, splashed and

striped, deepening almost to blush on sunny side; bloom, medium,

greasy or waxy; skin, medium thick, rather tough, smooth and shining;

dots, inconspicuous, few to medium, small to medium, roundish, whitish

to yellowish or russet, scattered, slightly raised; cavity, shallow to very

deep, medium to very wide, flaring to abrupt, acute to acuminate,

fairly regular, filled with russet; stem, short to very long, medium to

slender, curved, brownish red, smooth; basin, very shallow to very

deep, medium to very wide, generally abrupt, round obtuse, almost

always very regular; calyx, closed to partly open, medium size, pu-

bescent; segments, medium size, long, pointed, reflexed; tube, very

short to very long, medium width, conic or funnel form, median sta-

mens, pistil point present ; core, axile to very abaxile, medium or below,

central, turbinate to oval, with clasi^ing core lines; cells, closed to open,

medium in size, symmetrical to asymmetrical ; carjoels, roundish to

obovate, emarginate, usually slightly slit, medium concave; seeds, few

to medium, fairly plump, medium in size, brownish red, oval, pointed;

axis, straight, rather short to very long; flesh, white, sometimes slightly

tinged with yellowish, rather coarse, generally very firm, medium juicy

to dry; flavor, mild subacid, often slightly aromatic, sometimes rather

flat, sometimes slightly astringent; quality, jDoor to good.

Ben Hur.

This a comparatively new sort, offered bj Stark Brothers of

Louisiana, J\Io., who state that it originated in Perry County,

Ind., and that it is a cross of the Ben Davis and Rome Beauty.

Prof. J. C. Whitten writes me, " From the characters of both

fruit and tree, I should unhesitatingly put Ben Ilur in the Ben

Davis type." Stark Brothers describe it as follows :
—

Tree, a strong, thrifty grower, young bearer, productive; fruit, fully

as large or larger than Ben Davis, brilliantly striped and s^jlashed with

red; flesh, tender, fine grained, juicy, highly flavored, excellent.

Black Ben Davis.

This variety is said to have originated near Fayetteville, Ark.,

about the year 1880. An earnest controversy has arisen as to

whether it is identical with the Gano. A number of samples of

apples were received under these two names and examined with

some care. It was easy to distinguish t^'o types of apples, but
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they were connected l)y intermediate forms in such a way as to

render it difficult to say whether two distinct varieties were

represented or not. The most striking difference was in coh^r,

this varying from a distinctly striped apple to those with a clear

blush, with no sign of stripes, a rather remarkable variation to

appear in a single variety, but w^hich exists in the Mcintosh.

It was evident that if the varieties were really distinct the names

were confused, for the apples that were the most typical of the

Black Ben Davis were called Gano ; and of another sample, con-

sisting of two apples, one would be called Gano and the other

Black Ben Davis. In addition to examining these apples, the

writer has consulted all the available literature on this point, and

after considering everything with care, is, on the whole, in-

clined to the opinion that these are two distinct varieties, and

describes them accordingly.

Description of Fruit. — Size, below medium to above, not uniform;

form, round conic, almost regular, slightly compressed, generally with

unequal sides, rounded base and round conic apex ; color, bright greenish

yellow, covered with rich, dark red, 20 pev cent, to 95 per cent., blushed

and mottled, sometimes showing slight tendency to striping; bloom,

medium to heavy, waxy; skin, medium thick, rather tough, smooth and

shining-; dots, inconspicuous, medium in number, small, round, gray,

scattering, scarcely raised ; cavity, medium in depth and breadth, sloping,

acute, nearly regular, slightly compressed, partly filled Avith greenish

russet ; stem, long, very slender, curved, brownish red, smooth ; basin,

rather shallow, medium, generally abrupt, nearly regular, slightly com-

pressed; calyx, closed or partly open, medium, pubescent; segments,

medium, reflexed; tube, short, medium width, conic, medium stamens,

pistil point present; core, axile, large, central, turbinate, core lines

meeting or clasping; cells, closed, medium; carpels, broad oval, eniar-

ginate, smooth, medium concavity; seeds, few to medium, plump, medium
size, medium brown, oval, medium pointed; axis, medium to rather

long, straight; flesh, white, firm, medium coai'se, rather dry; flavor, sub-

acid; quality, good. Described from six specimens received from the

New York Experiment Station.

Coffelt.

This apple originated with Wyatt Coifelt of Bentonville, Ark.,

and is said by Henthorn to be a seedling of the Red Limbertwig,

though Beach says that some nursery catalogues state that it is

a seedling of the Ben Davis. As received from the New York
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Experiment Station, it strongly resembles the Ben Davis. It

has been planted to a limited extent in Arkansas, but it does

not api^ear that it is superior to others of this group.

Description of Fruit. — Size, small, uniform; form, roundish oblate,

nearly regular, slightly unequal sides, rounded base and roundish,

slightly conic apex, uniform; color, yellowish green, covered with rather

dull deep red, 65 per cent, to 95 per cent., mottled, more or less ob-

scurely splashed, deepening almost to blush on sunny side; bloom,

medium, waxy; skin, rather thick, medium texture, fairly smooth and

bright ; dots, more or less consi^icuous, few to many, medium size,

angular, russet, slightly raised; cavity, rather shallow, wide, flaring,

broad acute, nearly regular, sometimes partly filled with russet ; stem,

long, slender, inclined, brownish red, smooth; basin, shallow, broad,

flaring, flat obtuse, pentangular; calyx, open, medium size, slightly

pubescent ; segments, medium size, long, pointed, reflexed, separate at

base; tube, medium in length and breadth, funnel form, medium sta-

mens, pistil point present; core, axile, small, central, oval, clasping

core lines; cells, closed, small, symmetrical; carpels, obvate, emarginate,

smooth, concavity medium; seeds, few, i)lump, medium size, medium

brown, oval; axis, medium, straight; flesh, white, slightly yellowish, a

little tinged with green, fine, medium firm, moderately juicy; flavor,

mild subacid, almost sweetish
;
quality, good. Described from specimens

received from the New York Experiment Station.

Cole Davis.

This variety originated with S. T. Cole of Lincoln, Ark., about

a dozen years ago, the original tree appearing in an orchard of

Ben Davis. According to Mr. Cole the apple was of higher

color than the Ben Davis, but otherwise much the same. It was

propagated for a time by the Stark Brothers, but so far as known

is not now offered for sale.

Eiche.

Concerning this variety the writer has been able to learn but

little. Specimens received from the New York Experiment

Station resemble the Ben Davis, and Hedrick groups it here.

Ragan gives its origin as Nebraska.

Description of Fruit. — Size, small, uniform ; form, roundish, regular,

slightly compressed, nearly equal sides, rounded base and apex, uniform;

color, bright greenish yellow covered with bright, rather deep red, 50

per cent, to 85 jici- cent., striped, splashed and mottled, deepening
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almost to blush on sunny side; bloom, heavy, waxy; skin, rather thin,

medium texture, smooth and bright; dots, inconspicuous, few to medium,

rather small, roundish, light gray, general, very slightly raised; cavity,

rather shallow, medium width, sloping, acute approaching obtuse, nearly

regular, jiartly filled with russet ; stem, long, slender, inclined or curved,

brownish red, smooth; basin, shallow, medium width, abrupt, somewhat

ribbed and plaited; calyx, closed or partly open, medium size, pubescent;

segments, medium size, medium long, pointed, reflexed; tube, rather

short, medium, conic, medium stamens, pistil point jjresent ; core, abaxile,

medium size, central or distant, broad oval, slightly clasping core lines;

cells, open, medium size, asymmetrical; carpels, obovate, emarginate,

slightly slit, concavity medium; seeds, medium in number, plump, me-

dium size or above, dark brown, oval, more or less straight on one side;

axis, rather short, straight; flesh, whitish, slightly tinged with yellowish

green, fine, medium firm, medium juicy; flavor, subacid to slightly acid;

quality good. Appears to resemble Coffelt. Described from specimens

received from the New York Experiment Station.

Etris.

According to Professor Stinson, this variety was first fruited

near Bentonville, in the orchard of A, K. Etris, the trees coming

from the nursery of John Breathwait, about iifteen years ago.

It is not generally disseminated, but is considerably grown in

the county of its origin. It is quite possible that it is identical

with Gano.

Extra.

An apple was offered by Stark Brothers under this name about

ten years ago, described as being larger and higher colored than

Ben Davis. It is not now sold. It may have been a distinct

or a special strain of Ben Davis.

Flat Ben Davis.

A distinct strain of the Ben Davis was observed by the writer

in 1909 growing in an orchard in Monmouth, Me. It differed

from the usual type in being larger and decidedly more oblate in

form. The striping seemed to be coarser and more distinct than

on neighboring trees of the common type. The tree also differed

in being more open and apparently of rather less vigorous growth.

There were several trees in this and a neighboring orchard. It

appears to be in no way markedly superior to the ordinary Ben
Davis.
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Gano.

The exact origin of this variety is not perfectly clear. It is

said to have been grown l)y ]\Ir. Ely Jacks, in Howard Connty,

]\Io., in 1840, and to have been somewhat disseminated in that

vicinity. It was first bronght to general notice in 1884, when it

was exhibited before the Missonri Ilorticultnral Society, and

about this time it was named Gano, for Mr. W. G. Gano who was

concerned wuth its introduction. Mr. Gano states that the orig-

inal tree came from a lot of Ben Davis, and was planted in the

orchard under the supposition that it was of that variety, but on

fruiting it proved to be diiferent. Prof. S. A. Beach advances

the theory that it is a bud sport of the Ben Davis.^ He thinks

that it is improbable that a seedling stock should prove to be so

like the Ben Davis, the variety supposedly worked on the stock.

If, however the Gano originated as a bud sport in the same way

that Red Gravenstein has originated from Gravenstein, and

Collamer Twenty Ounce from the original Twenty Ounce, then

the fact that the Gano appeared under propagation in a lot of

Ben Davis apple trees is easily and naturally accounted for.

As compared with the Ben Davis, it is a little smaller, not

quite as prolific a bearer, considerably higher colored, perhaps

slightly better in quality, and sells for a little more per barrel.

It takes second jdace in importance in this group, and is being

planted in the southwest in place of the Ben Davis to a con-

siderable extent, but has been j^lanted but little in a commercial

way elsewhere.

Description of Fruit. -^ Size, meclinra, uniform ; form, roundish, more

or less conic, nearly regular, slightly compressed, nearly equal sides,

rounded base, apex round or eonie, not very uniform ; color, clear

greenish yellow covered with deep rich red, 15 per cent, to 70 jjer cent.,

mottled, blushed and striped, always blushed on sunny side, slightly

russet; bloom, rather light, waxy; skin, rather thick, medium tough,

smooth and shining; dots, inconspicuous, few, medium size, roundish,

gray, scattering, slightly raised; cavity, medium in depth and breadth,

sloping, acute, fairly regular, filled with greenish russet; stem, long,

slender, straight, brownish red, smooth ; basin, shallow, medium width,

steep to abrupt, ribbed and plaited; calyx, closed or partly open, me-

dium or above, pubescent; segments, medium to large, long, pointed,

' Personal letter from S. A. Beach.



1910.] PUBLIC DOCUMENT— No. 31. 189

reilexed;. tube, short to medium, medium breadlli, conic basal stamens,

pistil point jjresent; core, axile, medium size, central, turbinate, core

lines meeting; cells, nearly closed, medium or above, asymmetrical; car-

pels, slightly obovate, strongly emarginate, nearly smooth, concavity

variable ; seeds, medium in number, plump, medium size, oval or angular,

rather short; axis, medium, straight; flesh, white, slightly tinged with

greenish yellow, firm, medium texture, medium juicy; flavor, mild sub-

acid, very slightly astringent
;
quality, good. Described from specimens

received from the New York Experiment Station.

Improved Ben Davis.

It is stated in the report of the Illinois Horticultural Society

for 1899, p. 89, that on several occasions an Improved Ben Davis

lias been brought to the attention of the society. It is rather

probable that these were simply superior strains of the Ben

Davis and not a distinct variety. So far as known, no variety

of this name is being propagated.

NordJiaussan.

Scions of this sort were sent to the Division of Pomology at

Washington by Mr. John Gabler of Springfield, Mo., in 189G,

and by them distributed to various State experiment stations,

including that of Massachusetts. Professor Waugli informs me
that in both tree and fruit it resembled the Ben Davis. This

tree was destroyed some few years ago, and I have not been able

to seciu'e either specimens or any further information concerning

it. So far as known it is not offered for sale at the present time.

Ostrakavis.

A cross of the Ostrakoff and Ben Davis, originated at the

Iowa Experiment Station. Distributed only for trial and not

considered to be of value.

Description of Fruit.^ — Fruit medium or below, conical, regular, sur-

face oily; color, yellow, with faint bronze blush; cavity, regular, deep,

obtuse, Avith faint trace of russet; basin, wide, very shallow, minutely

wrinkled; core, wide open, meeting; cells, large, r-oomy, ovate, slit; tube

funnel shaped ; stamens, median ; seeds, twelve, large, plump ; flesh,

white, sweet. Season probably late fall or early winter. Interesting as

showing that a cross of two sour apples may produce a sweet apple.

> From S. D. Bulletin, 76, p. 80.
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Paris.

Reported bj Mr. L. A. Goodman as a new apple of the Ben

Davis family, sent by Mr. Ambrose of Paris, Mo., to the meeting

of the Missouri Horticultural Society.

ShacMeford.

This variety is first mentioned in the report of the Illinois

Horticultural Society for 1883, at which time it appears to

have been known in southern Illinois and adjacent parts of Mis-

souri. Beach says that it originated near Athens, Mo. It has

been planted considerably in the southwest, but has not attained

great favor as a commercial sort. It is generally of rather poor

color and is said to be a straggling grower. It does not appear

to be in any way superior to the Ben Davis and in some qualities

it is inferior.

Description of Fruit.— Size, medium, uniform ; form, roundish ob-

late, slightly conic, nearly regular, slightly compressed, sides generally

nearly equal, base rounded, apex round conic, uniform; color, clear

waxy greenish yellow covered with bright red, 10 per cent, to 50 j^er

cent., splashed mottled and short strijied, deeper on sunny side of some

specimens; bloom, light, waxy; skin, rather thick, medium texture,

smooth, and fairly bright; dots, very inconspicuous, few to medium,

very small, round, gray russet or greenish, scattering, even or sub-

merged; cavity, rather shallow, medium width, sloi^ing to flaring, nearly

obtuse, nearly regular, markings none; stem, medium long, slender,

straight or inclined, brownish red, smooth; basin, medium in de^^th and

breadth, abrupt, truncate conic, fairly regular, sometimes slightly ribbed

and plaited ; calyx, closed, medium size, pubescent ; segments, large,

broad, pointed, reflexed; tube, short, medium width, conic, stamens

median, pistil point present; core, abaxile, small, central, broad oval,

core lines meeting; cells, partly o]ien, medium size, symmetrical; carpels,

oblong, emarginate, slit, concavity medium ; seeds, medium in number

and size, plump, medium brown, oval, medium long, pointed; axis,

medium in length, straight; flesh, greenish Avhite, medium firm, rather

coarse, fairly juicy; flavor, brisk subacid; quality, good. Described

from specimens received from the Ontario Agricultural College.

Shirley.

IMr. T. Y. "Munson of Dennison, Tex., gives the following

history of this variety.
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This apple was found growing in two old orchards, namely the A.

Alkire orchard, some four miles west of Dennison, Tex., and the Alex.

Shirley orchard, some tive miles southeast of Dennison. The writer saw

these trees in said orchards about the year 1880, and made diligent

inquiry as to their origin, but neither Mr. Alkire nor Mr. Shirley (both

now deceased some years) knew from whence they came. I presume

they came from some local Texas or Louisiana nursery that passed out

of existence soon and left no history of the variety. The orchards were

planted before railroads were built into Texas. There was a small

nursery at Paris, Tex., and another at Clarksville, farther east, and one

at Shrevei^ort, La., the latter conducted by G. W. Storer, the others

by a Mr. Walker at Clarksville and his son, J. Q. A. Walker, at Paris,

Tex. These nurseries were the first in Texas and sold trees all through

north Texas. They handled only southern varieties. The elder Walker

came to Texas from Tennessee about the year 1838.

In 1880 or 1881 I sent samples of the ajiples to Charles Downing,

wi(h whom I corresponded often for a number of years. Mr. Downing

could not identify it. As the ajDple was a sure and prolific bearer, a

large, handsome, salable fruit of fine keejjing qualities, I began propa-

gating and advertising it over twenty-five years ago. Mr. Shirley sold

the ai^ple in Dennison and Sherman markets, where it acquired the name

Shirley apple or sometimes Shirley Keeper. I described it in my cat-

alogue as Shirley, which name it has retained ever since.

In tree and fruit it resembles York Imperial more than any other

variety. It was the first to point out before the i:)ublic this similarity;

but the two are distinct. The Shirley is better in tree and fruit, some-

what larger and brighter, and in quality a little better.*

As grown in Texas this apj^le resembles the York Imperial,

but the specimens received from the New York Experiment

Station are clearly of the Ben Davis type. The trees were re-

ceived from Mr. Munson and the apples were identified by Mr.

Mnnson as the Shirley.

Description of Fruit. —^ Size, small, i;niform ; form, roundish oblate,

nearly regular, often slightly compressed, nearly equal sides, base

rounded, apex rounded or slightly conic, quite uniform; color, clear

greenish yellow covered with bright medium red, 40 per cent, to 80

]ier cent., mottled, splashed and striped, deepening almost to blush on

sunny side; bloom, scant, Avaxy; skin, medium thick, rather tough,

smooth and bright; dots, inconspicuous, medium in number, small,

roundish, light gray, generally slightly raised; cavity, medium in depth,

rather Avide, flaring, broad acute, nearly regular, generally Avithout

markings; stem, long, slender, straight or inclined, brownish red, smooth;

1 Personal letter from Mr. T. V. Munson.
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White Ben Davis.

Professor Stinson says that this apple has heen found in sev-
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^^^^ ^^_^^^^^ ^^^^_

It has been said that a libt oi ^^^^^
.

•
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Beacli.

Dickoiisoii.

Gill (Gill Beauty).

Loy.

Rutlcdge.

Wallace Howard.
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Ilecardina' the folloAviiiff the writer is in some doubt, owiuK to

hick of opportunity for suthcient study, but considers it probable

that thoY do not belong to this group :

—
Breckinridge.

Chicago.

Collins (Champion),

Florence.

Givens.

Hastings Red.

Highfill.

King David.

Marion Red.

The remainder of the forty are accounted for as synonyms.

In deciding whether or not any variety should be admitted

to a place in the Ben Davis group as here given, the intention^

has been to be conservative. The study of varieties of fruits by

groups has only recently begun and the writer feels that in con-

stituting these groups it is best to include in any group under

consideration only such varieties as seem beyond doubt to belong

there, even if there are strays left that do not seem to belong any-

where. If any of these odd varieties are of great importance

they will in time become the central types of new groups, while

if only of minor account they may as well be left by themselves.

It is to be understood that the foregoing is not final, but of the

nature of a report of progress. In order to be conclusive the

study of the fruit in some cases and of the tree characters in

many cases is necessary. It is hoped, however, that it may
prove a contribution of some value on this subject and a basis for

further study.
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VARIATION IN APPLES.'

BY J. K. SHAW.

It is safe to assume that the Ben Davis is the most widely

cultivated of any commercial variety of apples in America. It

is known in almost every apple-growing section. It is therefore

grown under a great variety of conditions of climate, from the

short hot summers and long cold winters of Quebec to opposite

conditions in Ai'kansas and Texas. It also flourishes in a great

variety of soil conditions. Moreover, it seems to be in itself

more variable than other sorts, and responds in a greater degree

to varying environment than do most other varieties.

These considerations led to its selection as a variety for^ the

study of variation in apples, and the results of two years' in-

vestigation are here reported. The matter is presented under

two headings, (1) the variation in size and form as grown in the

Clark orchard of the Massachusetts Agricultural College, and

(2) the variation in form, quality and other characters when

groAvn under widely varying conditions of climate and soil in

the United States and Canada.

Variation in the Colt.ege Oechabd.

In the fall of 1908 the product of four trees in the college

orchard was picked separately and divided each into four lots,

comprising the product of the upper south, lower south, upper

north and lower north quarters of the trees. These were studied

with reference to size and form. This arrangement gave op-

portunity for two comparisons: (ft) from difterent trees, {h)

from different parts of the trees.

i Work on this subject wa.s begun by the v^•riter in 1007 a-s a part of the requirements for the

decree of M.S. by the Ma.ssachusetts Agricult.iral College, and ^as continued and extended m

1908. It was done under the direction of Prof. F. C. Sears, to whom the thanks of the wr.ter are

extended for encouragement and suggestions, and also to Prof. F A. Waugh who
J-

a U,d .n

many ways. Assistanceand .suggestions have also been received from many hort.cultunts and

fruit growers fro.n various parts of the country. It is impossible to name them here, but the

debt to all is gratefully acknowledged.
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(a) From Different Trees.

Table 1 shows the means/ standard deviations and coefficents

of variability, with their jn'obable errors, in the size and form

of the ajiplcs from each of the four trees. It is evident that

there are differences in both size and form.

Table 1.

Tree 2.

Tree 3,

Tree 5i

Tree 7,

Size. 2

Mean.
Stand-
ard De-
viation.

Coeffi-
cient of
Vari-

ability.

7I.02±.14

68.80±.15

68.35 ±.13

72.80±.18

70.23=*= .08

6.16±.10

5.31±.10

5.55±.08

6.45±.13

5.95±.06

8.67±.14

7.72±.16

8.12±.13

8.86±.17

8.47±.08

Form.

Mean.

1.1422±.0014

1.1399±.0016

1.1666±.0019

1.1716±.0019

1.1515±.0OO8

Standard
Devia-
tion.

.0576±.0009

.0543±.0011

.0626±.0O13

.O578±.0O13

.0589±.0006

Coeffi-
cient of
Vari-

ability.

3.04±.88

4.73 ±.09

3.76±.08

3.37±.07

5.29±.05

Num-
ber of
Ap-
ples.

864

567

469

423

2,321

There seems to be little or no relation between the size of the

apples and the yield. Trees 2 and 7 produced the larger apples,
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ditfereiices in the variability in size of apples from the different

trees.

More striking are the differences 'in mean index of form,

though the variability of form is less than that of size. The

difference in form of the apples from Trees 3 and 7 is shown

graphically in Fig. 1. These differences in form were per-

ceptible to the eye, and there were also differences in color,

apples from Tree 5 being higher colored than the others.

These differences may be attributed to bud variation or to the

influence of the stock, for the trees were near each other, and,

so far as could be seen, on exactly similar soils. In passing it

may be suggested that this method offers means of throwing

light on these two disputed questions, namely, bud variation and

the mutual influence of stock and scion.

(h) From Different Parts of the Trees.

The results of computations of the apples from different parts

of the tree are shown in Table 2. It appears from this that

ai)plcs from the top of the tree are a little larger than those

from the lower branches and also slightly more variable. In

form the differences in both mean and standard deviation are

slight, those from the lower branches being a little longer than

those from the top of the tree. The most important thing about

this table is that it serves to liring out the greater differences

in the products of the individual trees.

Table 2.

Upper south, .

Lower south, .

Upper north, .

Lower north, .

Size.

Mean.

70.93±.18

69.24 ±.14

71.27±.20

69.79±.12

Stand-
ard De-
viation.

6.40±.13

5.68±.10

6.14±.15

4.96±.08

Coeffi-
cient of
\'ari-

ability.

9.02±.19

8.20±.14

8.47±.19

7.11±.12

Form.

Mean.

1.1643±.0017

1.1512±.0015

1.1.5.53 ±.0020

1.1406±.0016

Standard
Devia-
tion.

Coeffi-
cient of
Vari-

ability.

.0593 ±.00 12

.0619 ±.0011

.0607±.0014

.0644 ±.0011

3.61±.07

4.19±.07

3.91 ±.08

4.58±.07

Num-
ber of
Ap-
ples.

518

714

414

676
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Climatic Vaeiations.

The variations in the college orchard are comparatively slight

when compared with those observed when apples from widely

separated localities are compared. This variation has been

often observed and noted, but so far as the writer knows there

has been no attempt to study systematically and record it. The

work here reported is a beginning. The study is based on a

careful examination and measurement of twenty lots of apples

of the crop of 1907 and of twenty-five of the crop of 1908, re-

ceived from growers in different localities in the United States

and Canada. These lots were generally about a bushel each.

The numbers are given in Table 3. An attempt \vas made to se-

cure apples from the same orchards both years, but on account

of crop failures and other reasons this was unsuccessful in a few

cases. In addition to these, several smaller samples have been

received from other localities which, while not large enough for

the SBme sort of study, serve to indicate the gradual variation

of the variety when passing from one region to another. In the

following pages the variation of form, size, quality and other

characters are separately taken up and considered.

Discussion of the Variation.

Form.

The most important character studied was that of form, and

the variation of this w^as nothing short of remarkable. One

familiar with the variety in a certain locality would hardly

recognize it as grown perhaps not more than one or two hun-

dred miles away. Much time was given to the study of this,

and careful measurements of more than 9,000 apples from the

different localities were made and calculated by statistical

methods.

The different lots may be grouped in four classes as regards

the general form, as follows :
—

1. The oblong conic, more or less ribbed form from the

Maine seacoast and Nova Scotia and Prince Edward Island.

2. The round conic type from the north central and north-

eastern United States and southern Canada, from as far south



198 EXPERIMENT STATION. [Jan. 1910.

as Pennsylvania and possibly farther in the monntain regions,

and from the Pacific coast.

3. The oblate or oblate conic type from the Delaware penin-

sula and the valley of the Ohio and its tributaries.

•i. The roundish oblate form from the Ozarks and from

Colorado.

The outlines of specimens representing these four types are

shown in Fig. 2. Each of these types seems to be pretty con-

stant in the localities given, and they gradually shade into each

other in passing from one region to the next. These differences

in form are closely related with certain other characters which

are discussed later.

Coming now to the mathematical expression of the form of the

apples, the method was as follows. Each apple was carefully

measured, ascertaining in millimeters its greatest transverse and

longitudinal diameters, and the figures recorded. Then the

transverse diameter of each apple was divided by its greatest lon-

gitudinal diameter. The number resulting from this calcula-

tion was taken as representing the form of the apple, and is

called the index or coefficient of form. If the index is 1 the

diameters are equal ; if it is less than 1 the apple is longer than

broad, and if more than 1 it is broader than long. The calcu-

lation of this index for a large number of apples gives an array

of numbers representing the forms of the apples measured

which may be dealt with by statistical methods.^

Calculating the means of the several arrays representing the

different lots of apples measured gives the interesting and sig-

nificant figures shown in Table 3. Translated into simple

language these figures mean that in Port Williams, !N. S., for

example, the average Ben Davis apple of the crop of 1^07 wrs

about 1.019C) larger in transverse diameter than in lonoitudini 1

diameter, and, as shown by the probable error, the chances ar i

even that this figure is not over .0035 of the transverse diameter

away from the truth. This average apple is nearly as long as

broad, and to one familiar with this sort of measurement indi-

cates an apple tliat may be correctly described as oblong.

1 For these metliods see C. B. Davenport, "Statistical Methods," or "Principles of Breeding,"

by E. Davenport.



Fig. 2.— Typical Forms of the Ben Davis.

j;\Nova Scotia, the oblong foi-m. Ontario, the round conic form. West Virginia, the oblate

form. Arkansas, the roundish form.
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At the other extreme stands the lot from West Virginia, with

an index of 1.2272 ± .0035. The average apple grown under

exactly those conditions under which these apples grew has a

cross diameter about 1.2272 times larger than the longitudinal

diameter, and we know that the chances are even that this figure

is not more than .0035 of the transverse diameter out of the

way. Stating this last in another way, it means that the chances

are even that the true index of form is not less than 1.2257 nor

more than 1.2307.

The third column of Table 3 gives the standard deviation

with its probable error, which gives a measure of variability for

each lot. This is affected by the selection or want of selection,

as the case might be, of the person sending the apples, some

growers sending the apples just as they came from the trees and

some selecting them more or less, and doubtless throwing out

many specimens which were off type, thus reducing the amount

of variation in that lot. Several tests showed that the amount

of variability among the larger apples and smaller apples of a

given lot was about the same, and this was also true of the mean

index of form. It is believed, however, that this selection has

not greatly modified the figures, and that the mean indexes of

form are scarcely affected at all.

The fourth column gives the coefiicient of variability and its

probable error. This is an abstract number giving, in per-

centages of the means, the variability of each lot of apples, and

enables one to compare the variability in form with that of any

other character of the apples, or any character which can be

measured and expressed by this method.

The variation in form is showui graphically in the diagrams in

plates I. to V. These are based on the same measurements as

the mathematical calculations, each lot being reduced to the basis

of 200 apples for the sake of uniformity. Many of them are

somewhat irregular, owing to the small numbers of specimens

measured. The ordinate representing the index of form of

1.1300 is in each case made heavier in order to furnish a stand-

ard for comparison, this ordinate being near the average of all

apples measured. The shape and relative position of these dia-

grams show strikingly the differences in variability and in mean
index of form of the various lots of apples.
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Considering the diagrams and the fignres given in the table,

we find that in the extreme northeast the Ben Davis is mnch

elongated, and as we go south and west it becomes less elongated

and more flattened, till we reach West Virginia and Kentucky,

where it becomes a decidedly oblate apple. In the Ozarks it is

a little longer, and in southern California still longer, and in

British Columbia it is almost as much elongated as in Nova

Scotia and neighboring regions. This noticeable elongation of

the apples from Belleville, Ont., as compared with those from

Guelph, is significant, as Belleville is located not far from the

north shore of Lake Erie, while Guelph is some miles inland.

The same influence is perhaps shown in the Vermont lot, though

the figures for those of Quebec and Massachusetts, which serve to

bring this out, are themselves in some degree exceptions to the

general rule that the apples are longer as one goes north.

Nevertheless, it seems reasonable to conclude that, beginning in

the southern Allegheny mountains and in southern California,

and going north, the apples become more elongated, and that

this elongation is much more pronounced in the vicinity of large

bodies of water, either salt or fresh.

The comparison of apples from the same orchard both years

shows reasonably close agreement in most cases. Several, how-

ever, are quite different. It will be noted that these are among

the extremes of form. The maritime provinces and the Pacific

coast, that furnished extremely long apples in 1907, gave shorter

ones in 1908, and the extremely flattened ones from West Vir-

ginia were longer. On the other hand, those near the avertij^'e

form show very slight differences. Professor Sears states that

in Nova Scotia there are two types of Ben Davis that differ much

in both tree and fruit. The fruit of one generally approaches

an oblong form, while the other is more conic. Most of the

Nova Scotia apples of 1907 were of the former type, while those

of 1908 were more like the latter. The same would apply in

some degree to those from Prince Edward Island. Both lots

were the run of the orchard, no selection whatever being made.

It is possible that the difference in the forms of these apples in

the two years may be due to their representing these different

types.

The ap]>l('S from Quebec are flatler tlian those from farther
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south, and those from Arkansas longer than those from farther

north. This suggests the possibility that near the northern and

southern extremes of distribution the general rule of elonga-

tion, as one goes north, is reversed, and that in the extreme

north they are a little flatter than they are a little farther south,

and at the extreme south they become slightly elongated. More

data are needed to decide this question.

With a feeling that much could be learned by a more detailed

study of the apples along the coast and adjacent region of New
England and the maritime provinces, a special effort was made

in the past season to secure apples from this section. These

show the elongation towards the seacoast and northward, but

amone: those from Maine the fio'ures are not as harmonious as

might be wished. Sangerville is farthest inland and N^ew

Gloucester nearest the coast, and they give the flattest and second

longest apples, respectively ; but the localities between do not

show the gradual change in form that might be expected.

These differences, however, are not large, and selection of the

sample and local influences may account for it. More informa-

tion is needed to clear this up.

Variabitjty of the Different Lots.

An examination of the measures of variability of the different

lots, bearing in mind the selection or want of selection of the

shippers, indicates a somewhat greater variability in northern

localities. This is shown both years, but is more pronounced in

1908.

Size.

The size of the apples was in many cases dependent largely

on the selection practiced by the grower in making up the lots

for shipment. Some were carefully selected and others were

the run of the orchard. Any figures on size are, therefore, likely

to be of little value. It is doubtless true that the apple attains

a larger size in the south than in the extreme north. The sea-

son of 1907 was cold in the north and dry in the southwest, and

may account for the inferior size of the apples from these re-

gions. The season of 1908 was warmer in the north, and it

,
appears that the apples were larger. Table 4 shows the results
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of measuring a few lots from the same orcliard botli seasons,

where it appears, from correspondence with the growers, safe

to make comparisons. For comparison the average monthly

mean temperatures for the growing season March to September,

inclusive, for the different towns or some near-by station are

given. It appears safe to infer that in any given orchard the

size of the apple is governed largely by the temperature, but this

by no means holds in different localities.

Flesh.

The whiteness of flesh which is characteristic of the variety

was always maintained in considerable degree; those from Colo-

rado were notably white of flesh. The less mature specimens

had a greenish tinge, which, as the fruit ripened, gave way to

a slight yellowish.

The firmness of the flesh likewise gradually gave wa}' with

ripening. The Colorado and in less degree the California lots

were less firm and more of a spongy texture. Those from

California carried well, but those from Colorado were soft

enough to bruise quite badly, though this appeared to not seri-

ously injure their keeping qualities, as the bruises showed a

tendency to dry out rather than to decay.

The juiciness and quality were found to be variable. The

apples were generally more juicy in the south, and of notably

better quality. N^orthern-grown fi-uit was dry, flat, hard, and

in some cases noticealfly astringent, and these undesirable quali-

ties did not entirely disappear with ripening.

In an attempt to learn something of the real nature of this,

and of the general quality of the flesh, some chemical work was

done.^ Owing to a lack of time this was not as complete as

might be wished, but the results, as far as they go, are inter-

esting.

The methods used in this work may be briefly described as

follows. One or two small slices, reaching to the core, were

cut from three or more carefully selected apples, and dried in a

water bath at 90° to 98° C. for about thirty-six hours. The

weight of the residue gave the amount of dry matter. This

dry residue, after cooling, was ground in a mortar until it

* For the opportunity to do this and for many suggestions as to methods, etc., the writer is in-

debted to the chemical department of tlie college.
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would pass through a very fine sieve, and this fine powder used

for the other work. The " insoluble matter " was determined

by digesting 1 gram with about 200 cubic centimeters distilled

water at room temperature, filtering through a tared filter paper

and drying. The filtrate was titrated with n/5 alkali, using

l^henolphthalein as an indicator, and calculated as malic acid.

For crude fiber the methods of the Association of Official Agri-

cultural Chemists were followed, except that the sample was

not previously extracted with ether.

The results of this work are shown in Table 5. Erom this

table it appears that there is slight variation in the water con-

tent of these apples, those from Arkansas and Oklahoma having

a little lower water content that those from the north. There

is nothing in this column to account for the observed differences

in juiciness and quality.

Table 5. — Chemical Determinations (Per Cent.).

Apples from —

Prince Edward Island,

Nova Scotia,

Maine,

Quebec,

Vermont,

Guelph, Ont.,

Belleville, Ont.,

Pennsylvania,

Massachusetts,

Connecticut,

Delaware, .

West Virginia,

Kentucky,

Indiana,

Bentonville, Ark

Fayetteville, Ark

Oklahoma, .

Colorado,

California, .

British Columbia,

In Original Subsistence.

Water.

84.9

85.4

84.6

84.2

84.0

83.6

83.6

85.8

85.2

84.2

84.3

84.8

84.7

83.2

82.4

81.2

82.6

84.8

83.2

84.5

Dry
Matter.

Soluble
Matter.

Insol-
uble

Matter.

Crude
Fiber.

15.1

14.6

15.4

15.8

16.0

16.4

16.4

14.2

14.8

15.8

15.7

15.2

15.3

16.8

17.6

18.8

17.4

15.2

16.8

15.5

11.13

11.11

11.80

13.52

11.52

12.00

12.58

14.30

12.82

13.88

3.97

3.39

4.00

2.89

3.26

3.21

2.74

3 04

2.39

2.94

1.07

1.13

.99

.80

.93

1.03

1.00

Acid,
as

Malic.

1.03

.70

.76

.70

.73

.79

.79

.76

.65

.06

.63

In Dry
Matter.

Insol-
uble

Matter.

26.3

23.9

25.3

17.5

22.0

21.1

17.9

17.6

15.7

17.5

Crude
Fiber.

7.15

7.75

6.68

5.28

5.29

5.52
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The constituents of apples, soluble in water, include the

sugars, acids and doubtless some others of minor importance.

These are lowest in i^ova Scotia and highest in Oklahoma, and

samples from intermediate points are generally between these

figures in so far at least as determined.

The percentage of insoluble matter, which consists of pectin,

cellulose and possibly starch and allied substances, are in gen-

eral inversely proportional to those of soluble matter, being

highest in the north and lower in the more southern part of

the range of the variety.

Color.

The body color was, as a rule, closely correlated with the

degree of ripeness of the fruit, the riper the apple the more

yellowish in color. Aside from this, no variation was noted.

The depth of overcolor was closely correlated with latitude,

the farther north the deeper the color, and the variation was

from a pale pinkish red in Arkansas to a deep crimson in the

extreme north. The amount of overcolor did not seem to be

dependent on latitude but was probably controlled largely by

local conditions. The overcolor was especially good on the

Pacific coast apples and on those from Colorado, Pennsylvania

and Indiana, though in case of the last it was rather dull. The

disposition of the color showed no striking variation. The

mottling ran together into a blush on highly colored specimens,

and there were always more or less stripes and splashes present.

Probably all the russet that aj^peared was caused by Bordeaux

mixture.

Bloom.

The amount of bloom seemed to be rather less in the north

than in the south and on the Pacific coast. The nature of the

bloom, whether waxy or greasy, seemed to depend largely on the

maturity of the fruit.

Shm.

The skin was generally thicker in the south and west than

in the northern localities. The texture did not vary greatly.

The surface of the fruit varied much, but this seemed to be

brought about by local conditions, and most of the roughness
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was due to Bordeaux mixture. The specially dull rough sur-

face of the Massachusetts specimens was probably due to a

heavy ai^plieation of nitrate of soda the previous year.

Dots.

The size and color of the dots was variable, but the number

and form were quite constant, and they were always very slightly

raised above the surface of the apple. They are generally very

small in the extreme north and become quite constantly larger

as one goes south, being largest in the southwest and in Colorado.

Almost all specimens showed some dots with russet and some

without. Aside from this they are generally lighter in the north

and more gray or yellowish toward the south.

Cavity.

The variation in the size of the cavity was marked. It was

small and very shallow in the extreme northeast, of medium

depth in the central and south central States and very deep in

the Ozarks and in Colorado and California. It was very nar-

row in the Ozarks and generally wide in other localities. In

cross-section there was little significant variation except that the

cavity was generally more smooth and regular in southern-

grown specimens.

Stem.

The stem presented little of interest. It was extremely vari-

able in length and size, but the variation was nearly as great

Ix'tween specimens of almost any one lot as between those of

different lots. The variability was perhaps greater in northern-

grown api:)les than in those grown farther south.

Basin.

The remarks concerning the variation of the cavity " will

apply almost as well to the basin. A noticeable variation was

the tendency towards a five-crowned fruit in Nova Scotia and

to a less degree in neighboring regions. This was also seen in

some degree in specimens from British Columbia, but was less

pronounced. Tliis tendency towards a pentagonal form ex- i

tends more or less to the whole apple, giving somewhat of a
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pentagonal outline to the fruit as a whole. In the more south-

ern localities, and particularly in the Ozarks and neighboring

regions, the basin is remarkably smooth and regular and the

sides abrupt, which make the basin one of the surest means of

identifying specimens of this variety that may chance to be

off type.

Calyx.

The calyx was generally more or less distorted by handling,

and it was difficult to make very much out of it. The most

striking thing about it was that in the small, poorly developed

specimens it was nearly always closed, while in large, well-grown

specimens it was at least partly open and sometimes a little

separate at the base.

Calyx Tube.

The calyx tube was extremely variable, being sometimes very

short, not more than one-fourth as long as wide, as in some of

the Quebec specimens, and sometimes extremely long, extending

almost to the cells, as in some of those from Arkansas and

Colorado. This variability lay mostly in what may be called

the stem of the funnel, this being very long in some apples and

varying all the way to complete suppression, leaving a conical

tube, in others. As a rule it was longer in the fully developed

specimens and short in the poorly developed apples from north-

ern regions.

Core.

The variation of the core closely followed that of the general

form of the apple. In the elongated specimens it approached

an oval form, and in the roundish and oblate apples it was

turbinate. Likewise, in the elongated specimens it was usually

abaxile, often strongly so, and in the more oblate ones it became

axile or nearly so. The size as compared with that of the

whole fruit varied but little, being possibly a little larger in the

ill-developed apples, and it was always central and the core lines

generally clasping.

Cells.

The variation of the cells very closelv followed that of other

parts of the core, being wide open and asymmetrical in the

northern-grown apples and closed and symmetrical in those from
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the south. It was most open and asymmetrical in the larger

apples. The carpels were never tufted but often were a little

slit, especially in those from the north; they varied consider-

ably in form, following pretty closely the general form of the

apple. The concavity of the carpels was chiefly dependent on

the development of the seeds.

Seeds.

The seeds showed little variation worthy of note. The num-

ber was somewhat variable ; they were usually plump and of

medium size. The color varied with the degree of maturity of

the fruit, being generally lighter in poorly developed, northern-

grown specimens.

Causes of the Variation.

The most interesting and significant variation is found (1)

in the form of the apple and its parts, both external and in-

ternal ; (2) in size, and (3) in the quality of the flesh. The

variation in color is that usuallv found, being darker in the

higher latitudes.

Form.

It appears beyond question that, speaking generally, audi

possibly excluding the extremes of distributiou, Ben Davis

apples become gradually more elongated as one goes from its

Southern range northward, and this elongation is much more

pronounced near large bodies of water. This is probably some-

what aifeeted by local influences, but in general it appears to

hold. That these differences are caused by climate, and not by

difl^erent soils, sites, fertilizers or methods of cultivation, the

writer has no doubt. Just what factor or factors of climatej

bring this change about is not so clear. It would seem probable)'

that humidity has something to do with it, l)ut the writer hasj

been unable thus far to secure conclusive evidence on this point..

The available records of humidity have been unsatisfactory, and

more exact knowledge of this at the stations where the apples

are grown and more data on their variation are needed. It is

also possible that temperature may have an influence, either

direct or through its influence on humidity.
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It is entirely possible that other factors enter in, but a care-

ful consideration of latitude, altitude, amount and intensity of

sunlight, rainfall and other considerations fail to show anything

that can be demonstrated as having any constant effect. To

determine just what the cause is will require much patient

investigation.

Size.

The size of the apples appears to be largely governed in any

locality by the summer temperature. This is shown by the

larger apples in the warmer season of 1908. In only two cases

has a higher temperature failed to produce larger apples, and in

one case the apples are larger while the temperature remains

the same. The other eight comparisons in Table 4 show a

higher temperature and larger apples. It may also be noted that

a comparatively low temperature in the north produces as large

or larger apples than a much higher temperature farther south.

It is of course to be understood that methods of cultivation have

an effect on size sometimes greater than temperature, and this

fact, together with some possible selection on the part of the

shipper, probably accounts for the above exception to the gen-

eral rule.

Flesh.

During the winter of 1007 careful notes were kept on the

quality of the apples from the different localities. In the judg-

ment of the writer the various lots would rank in quality about

in the following order with a notable difference between 9 and

10:—
1. Colorado,
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Accompanying the list is given the average monthly mean

temperatures for the growing season of 1907, March to Septem-

ber, inclusive, as compiled from the records of the United States

Weather Bureau and Canadian Meteorological Service.

It appears from this that an average monthly mean tempera-

ture for the growing season of at least 60° is required for the

satisfactory development of the Ben Davis apple, and if grown

where a lower temj)erature prevails the product is likely to bo

inferior.

That the poor quality of these northern-gi'own apples, as

shoA\m by their acidity, and dry, tasteless flesh, is due to lack of

sufficient heat to fully develop the fruit is indicated by the

results of certain work of the Bureau of Chemistry of the

United States Department of Agriculture on the development of

the Ben Davis,^ where is shown the constant increase of sugars

and decrease of acids with the development of the apples. It is

also shown that the tannin which is present in the partially

developed apples gradually disappears, and it is doubtless this

substance that gives the apples their astringent taste.

Summary.

1. Apples vary greatly in response to the widely varying

conditions of soil, and, more especially, climate, in the apple

regions of ISTorth America. The Ben Davis variety seems to be

especially variable.

2. This variability may be accurately measured and studied

by means of statistical methods.

3. The most striking variation is in the external form of

the apples, and this is accompanied by corresponding changes of

the internal structure.

4. The cause of this variation is some factor or factors of

climate, which are closely related to latitude and the proximity

of large bodies of water. It is probable that humidity or tem-

perature, or both, may be the controlling factors.

5. The differences in warmth of different growing seasons

definitely affect the size of the apples for that season.

(), The most favorable temperature for development in size

» Bureau of Chemistry, Bulletin 94, p. 44.
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varies with the locality. It is lower in the north than in the
south.

7. The cause of the variation in quality is chiefly the varyino-
amount of heat prevalent during the growing season.

8. In order to develop satisfactorily in quality the Ben Davis
should have an average monthly mean temperature of not
less than 60° F. for the growing season, March to September,
inclusive.
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FUxMIGATION DOSAGE.

I. TOMatop: s.

BY W. V. TOWER, B.S.

BY H. T. FERNALD.

Tomatoes are extensively grown in [Massachusetts in green-

houses. Unfortunately, they are subject to the attacks of sev-

eral kinds of insects which under glass seem to be more thau

ordinarily destructive. The most important of these enemies

are the greenhouse white fly (Aleyrodes vaporariorum West.)

and thrips, and as these are most successfully controlled by,

fumigation with hydrocyanic acid gas, this treatment should bt

familiar to tomato growers. Unfortunately, however, this is noi

the case, many growers seeming to be afraid to use it for feai

that when the gas is generated in sufficient quantity to destro;;

the insects it will also injure the plants.

The amount of hydrocyanic acid gas to which tomato plant;

can be exposed without injury, under varying conditions o:

light, temperature, humidity, age, variety, etc., has never beer

investigated, so that there has hitherto been some reason fov

this fear. To determine, therefore, just what tomato plant;

could withstand in the way of treatment, under all condition;

likely to be met with in commercial work, the experiment;

which follow were planned by the writer and were carried ou

in the greenhouse of the department of entomology of the Massa

chusetts Agricultural Experiment Station during the winter o:

11)05-00, by Mr. W. V. Tower, then a graduate student in en

tomology at the [Massachusetts Agricultural College. The ex

periments had just been completed when Mr. Tower accepted ai

appointment in Puerto Rico and was obliged to leave before th.
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results were ready for publication. It is therefore desirable,

for the sake of placing responsibility, to state that the experi-

ments were planned largely by the writer, assisted to some ex-

tent by Mr. Tower; that the entire care of the plants, the fumi-

gations and the observation of the results were the work of Mr.

Tower ; while most of the conclusions and the duty of editing

the work for publication have fallen upon the writer. In fact,

the original work herein contained should be regarded as j\Ir.

Tower's, while for the planning of the experiments and the

editorial work the writer should be held responsible.

Three varieties of tomato — Livingston, Lorillard and Free-

dom— were selected, these being the ones most generally raised

under glass in Massachusetts. Two plants of each variety were

used in each test. In the tabulations which follow, factors

connnon to the entire set are given before the tabulation itself.

The abbreviations indicating the results are as follows: —
B, burned.

BB, badly burned.

BC, burned and leaves curling.

BI, badly injured.

C, leaves curling.

I, injured.

K, killed.

N, normal (uninjured).

SB, slightly burned.

SI, slightl}' injured.

TI, temporarily injured.

TK, top killed.

VBl, very badly injured.

Wilted leaves are the first indication of injury. If this is

not too severe they gradually become normal again. Curled

leaves indicate more serious effects, but plants thus affected fre-

quently become normal later.

The fumigation in all cases was with 98 per cent, to 99 per

cent, potassic cyanide, the proportions of the cyanide, acid and

water used being 1, 2, 4. The column marked " Time of ex-

posure " gives the time at which the treatment began. Temper-

atures are given by the Fahrenheit scale.

The first two sets of experiments were carried on in direct

sunlight. In the first set periods of ten, twenty, thirty, forty-

five minutes' and one hour's exposure quickly showed that it was

not necessary to make any long exposures with the greater

strength of cyanide, and, accordingly, exposures of ten, twenty

and thirty minutes only were made, even the shortest of these

being too severe a treatment for the plants.



216 EXPERIMENT STATION. [Jan.

Experiment I.

Day Exposures with Direct Sunl'iglit.

First four sets treated March 1-1; fifth set treated December

14.

Fumigation with .005 gram KC]N per cubic foot; plants six

weeks old; humidity for first four sets, 65°
; for fifth set, 60°

;

amount of suidight (March 14) for first four sets, four hours;

for fifth set (December 14), five hours; plants of first four sets,

watered the morning of the test ; of the fifth the day before ; all

sets dry when treated ; conclusions drawn five days after treat-

ment with the first three sets, eight days afterward \\\{\\ the

fourth set and about three weeks afterward with the fifth set.

The sunlight was not as strong for the fifth set as for the others,

it being December, while the other tests were in March.

Set Numbers.

2
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In addition to the effects noted, the sprinkled plants de-

veloped "white spots where the droi:)s of water stood, and in

general were in worse condition than the others.

Experiment IV.

Day Exposures during Bain, Snowstorm and Cloudy Wcailicr,

January 12 and 13.

Eumigation with .02 gram KCN per cubic foot; plants nine

weeks old ; set 1 treated during a rainstorm ; sets 2 and 3 during

a snowstorm and set 4 during cloudy weather ; no direct sunlight

either day
;
plants of set 1 watered the day before the test ; the

others, the morning of the test, but dry when treated ; conclusions

drawn after three days for the first set ; after six days for the

second and after nine days for the third and fourth sets.

nber

i SIX

iO°;

airs

;

sets,

; all

reat-

. the

set.

'ers.

Set Numbers.

2

f<.30

1 li.

67

BI

Time of exposure,

Length of exposure,

Temperature of house (degrees),

Humidity before (degrees).

Humidity after (degrees),

Livingston, ....
Lorillard

Freedom

10.30

1.30 m.

65

62

80

K

K

K

9.00

1.30 m.

6.5

55

84

BI

BI .

BI

11.00

1 h.

55

65

8-2

BI

BI

BI

1.15

1 h.

68

67

SO

I

I

I

Experiment V.

Niglit Exposures, December 13.

Eumigation Avith .005 gram KCN per cubic foot
;
plants si:

^^^"^

weeks old ; house humidity, 60° ; six hours of sunlight the day o' ^ ^

treatment, but cloudy the previous week; weather cloudy duriu''"'

the treatment of the first three sets; moonlight during the other'
*^-'-

+W0 ; treatment be<»'an on set 1 as soon as it Avas really dark
!i to

Ave6i3vatered at 9 a.ai., dry when treated ; half the plants of

third sety ^^^^ been placed under benches for thirty hour.'

nt ; conclusions drawn three weeks after treat

si

V-

r
it
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Experiment VII.

Night Exposures, Decemher 15 and March 15.

Fumigation with .015 grain KCN per cubic foot; plants six

weeks old; house humidity, 83°
; dusk during treatment of first

set, cloudy during second and third sets, starlight during the

last three sets; plants watered at 8 a.m.; half of each variety

sprinkled before treatment, the others dry ; conclusions drawn

one week after treatment for set 5, three weeks after treat-

ment for the others.

Set Numbers.

«

Time of exposure,

Length of exposure, .

Temperature of house (degrees),

Livingston normal,

Livingston sprinliled,

Lorillard normal,

Lorillard sprinkled, .

Freedom normal.

Freedom sprinkled, .

4.45

10 ni.

C5

SI

N

SI

N

N

N

5.45

20 m.

65

X

SI

SI

SI

SI

SI

7.20

30 m.

64

SI

SI

SI

SI

SI

SI

8.30

45 m.

65

C

(J

C

C

c

c

7.30

Ih.

58

C

C

c

c

c

c

9.55

2li.

65

K

K

K

K

K

K

The sprinkled plants showed spots on the leaves where the

drops of water stood, as a result of the treatment; otherwise

little difference in the two lots was noticeable.

Experiment VIII.

Night Exposures, January 8. i

Fumigation with .015 gram KCN per cubic foot; plant?

eight weeks old; house humidity, 84°; amount of sunligh|

tne . (lay, four hours; plants watered at 10 a.:\i., dry whe''

cadwo; \i\ night cloudy during the treatment; conclusions drawi

nintlants-.v^e week.

Aveeks i<y.ari^

third set. ^itniei.
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Set Numbers.

Time of exposure,

Lengtli of exposure, .

Temperature of house (degrees)

,

Livingston,

Lorillard,

Freedom

ExPEKI^MENT IX.

Night Exposures, January 9.

Fumigation with .015 gram KCN per cubic foot; plants

eight weeks old; house hnmidity, 49°; amount of sunlight

that day, six hours; plants watered at 8 A.:\r., dry when treated;

treatment during moonlight ; conclusions drawn after one week.

Set Numbers.

S

Time of exposure,

Lengtii of exposure, .

Temperature of iiouse (degrees),

Livingston, ....
Lorillard,

Freedom

5.15

30 m.

58

SI

SI

SI

7.00

45 ni.

GS

S[

SI

SI

8.30

1 h.

65

C

C

c

Experiment X.

Night Exposures, January SI.

Fumigation with .015 gram KCN per cuhic foot; plants

eleven weeks old, rather weak, tall and spindling; amount-,

sunlight that day, one hour; plants watered at 8.30 a.^

when treated; moonlight during the treatment; c-r, n ,.„„, ^ ^ '.ti Bulletin

., p. 50, 1903)

.. im to .01 gram
trol most stages

at intervals of

drawn after four days.
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Set numbers.

3

Time of exposure,

Length of exposure, .

Temperature of house (degrees),

Humidity before (degrees),

Humidity after (degrees),

Livingston,

Lorillard

Freedom

7.30

2h.

62

62

76

I

I

I

Experiment XI.

Night Exposures, December 16.

Eiiniigation with .02 gram KCN per cubic foot
;
plants six

weeks old; house humidity, 63°; amount of sunlight that day.

four hours; plants watered at 0.30 a.m., dry when treated,

except that half of the plants of each variety were sprinkled

just before the treatment ; first set treated at dusk, other sets

treated in starlight ; conclusions drawn after three weeks
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Experiment XII.

Night Exposures, January 10.

Fmnioation with .02 gram KCN per cubic foot; plants nine
weeks old; house humidity, 61°; amount of sunlight that day,

four hours; plants watered at 8 a.m., dry when treated; sets

treated in moonlight; conclusions drawn after five days.

rime of exposure,

Length of exposure, .

Temperature of house (degrees),

Livingston, ....
l,orillard

freedom

7.15

20 ni.

65

X

SI

SI

Set Numbers.

S.15

30 m.

67

SI

SI

SI

9.15

45 m.

67

C

C

I

5.05

Ih.

65

C

I

1

EXPEEIMENT XIII.

/ NigU Exposures, January 12 and 13.

Fumigation with .02 gram KCX per cubic foot; plants nine
greeks old; weather cloudy the day of treatment of first two
^ets, clear the day of treatment of the third set; plants watered
it 8.30 to 9 A.^r., dry when treated; first set treated at dusk,

he other two in starlight; conclusions drawn after five davs.

Set Numbers.

3

me of exposure,

'.ngth of exposure, .

mperature of house (degrees),

imidity before (degrees),

umidity after (degrees),

iyingston, ....
iirillard

ree<loni, .....

5.30

IV-h.

60

65

80

SI

SI

TI

3

7.25

2h.

65 il-

4r th IS

7.30

2 1).

62

65

80

Bial Bulletin

IS, p. ,50, 1903)

im to .01 gram
itrol most stages

at intervals of
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Experiment XIV.

Sight Exposures, Decemher IS.

Fumigation with M gran, KCN per cubic foot; plants .i

weeks old; house humidity, 82»
;
eight hours of .unl.ght th

day of treatment; plants watered at 8.15 a.m., dry who

treated; clear, starlight night during the treatment; set

fumigated twenty-five minutes, aired and then treated e

minutes longer; oonelusious drawn after two and a half weel<
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Experiment XVI.

Nlglit Exposures for Temperature and Ilumidity, February 2G,

21, 28, March 5, 6.

Fumigation with .01 gram KCN per cubic foot; plants about
seven weeks old; first two sets treated in starlight, third and
fourth on a cloudy night, fifth and sixth in starlight, seventh
and eighth in moonlight, ninth and tenth in a darkened box
at night; jdants watered at 8.30 a.m., drv when treated; all

the ]^lants vigorous; conclusions drawn after nine days.



226 EXPERIMENT STATION. [Jan.

about twelve days would probably clear an infested house.

Hinds's experiments on Thrips (Bulletin No. 67, Hatch Experi-

ment Station, Massachusetts, p. 11, 1900), though less complete,

indicate that these insects would probably be also controlled by

this treatment.

An examination of the first two experiments given in this

paper shows at once that under the conditions stated serious

injury or the destruction of the plants would result long before

the above-named insects were killed, and a comparison of the

data in Experiments II., V. and VI. indicates that daylight

treatment was, at least in part, responsible for this. Fumiga-

tion in cloudy weather, as shown in Experiment III., sustains

this view, the injury being less than with plants treated in

sunlight. Experiment IV. gives the results of treatment during

rain and snowstorms with longer exposure, showing that even

in bad weather daylight treatment is unsafe.

Comparison of the experiments carried on at night is also

suggestive. Those treatments which were made on moonlight

uights were always more injurious than those made in starlight,

while slightly better results were obtained on cloudy nights.

Erom the data at hand it would seem probable that the safest

treatment for the plants would be on a cloudy night following

a dark day; and the night experiments with plants which had

been kept under the benches for a day or so before treatment,

thus giving them partial shade, sustain this view.

The results of variation in temperature of the house during

fumigation were by no means as noticeable as had been antici-

pated ; indeed, as a result of these tests it would seem to make 1

little difference whether treatment should be given in a warm
;

or a cool house. Much the same can be said of humidity,

though here it would appear probable that with high humidity

— Y5 degrees or over— there is more chance of injury than

would be the case where the humidity is rather low.

It may be stated as a general conclusion that prolonged ex-

posures to weak strengths of the gas are more liable to cause

injury to the plants than are shorter exposures to greater

strengths. As this does not entirely meet Morrill's directions

for the control of the white fly, which would come under the

liead of prolonged exposure to a rather weak strength of gas,
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it would seem desirable to determine whether short exposures

to greater strengths would be effective against the insects.

Until this is determined it is probable that the best treatment

for the white fly on tomato plants is to fumigate them with a

strength of .015 gram of KCN per cubic foot for a })eriod of

from forty-five minutes to one hour, on a dark— moonlight,

or perfectly cloudy •— night, in a house where the humidity is

below 70 degrees at the beginning of the treatment. Fumiga-

tion in this way will probably slightly injure the plants and

may cause curling of the leaves; but the injury will be less

than would be that caused bv the insects if there were no treat-

nient given, and three such treatments at intervals of twelve

days should not prove serious to the plants, while they should

reduce the white fly to a negligible quantity for quite a period,

— probably until after the crop has been gathered from the

plants concerned.

IT. CUCUMBERS.

BY CHARLES W. HOOKER, PH.D.

Introduction.

BY H. T. FERNALD.

The experiments on cucumbers which follow were made dur-

ing the year 1907 by Dr. Charles W. Hooker as a portion of

his graduate work at the Massachusetts Agricultural College.

More time being available for the purpose than was the case

with the tomato tests, it was possible to make the tests more

exhaustive, but the general ideas were the same for both series

of experiments.

The two most common varieties of cucumber gro"wii under

glass in Massachusetts were used, viz., Rawson's Hothouse and

White Spine. The latter variety seemed, on the whole, to

])roduce the better plants. Two plants of each variety were

used for each test.

The supervision of this work fell upon the writer of this
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iutrodiictioii, but the work itself, the daily care and observa-

tions were made by Dr. Hooker, and the conclusions drawn are

mainly his. For some editorial work on all the parts the writer

is responsible. Abbreviations indicating the results are the

same as those used for the tomato, which are explained on

page 215. All the plants used were watered the day of the

experiment, but their leaves were dry in all cases unless other-

wise noted.

Experiment I.

Day Exposures ivith Direct Sunlight, April 4. {

Fumigation with .01 gram KCN^ per cubic foot; plants nine

days old ; amount of sunlight the day of treatment, ten hours

;

conclusions drawn after three days. 1
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light the day of fumigating first two sets, seven hours; on day

of fumigating the other three sets, none ; conclusions drawn after

one week.
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Set Numbers.
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Set Numbers.

Time of exposure,

Length of exposure,

.

Temperature (degrees)

,

Humidity (degrees),

White Spine,

Hothouse, .

7.00

20 m.

65

71

N

SB

8.25

30 m.

63

71

N

SB

9.10

45 ni.

03

80

N

SB

10.10

Ih.

05

76

SB

N

Experiment XXL
Starlight Night Exposwes ivith Stronger FuTnilgation, May

20, June Jf.

Eumigation with .03 gram KCN per cubic foot
;

plants

of first three sets, three weeks old, treated May 20 ; of last

two sets, twenty-six days old, treated June 4 ; amount of sun-

light May 20, 10 hours; June 4, 6.6 hours; small amount of

moonlight during sets 1 and 4; conclusions drawn after one

week.
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Set Numbers.

Time of exposure,

Length of exposure, .

Temperature (degrees)

,

Iluniklity (degrees), .

White Spiue,

Hotliouse, .

Experiment XXV,

Cloudy Night Exposures w'ltli Plants of Various Ages, May 6,

Nov. 19, 1007; April £7, 1908.

Eiimigation with .01 gram KCN per cubic foot; no sun-

light any of the days when treatment was given; conclusions

drawn after one week.
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Set Numbers.

Time of exposure,

Length of exposure, .

Temperature (degrees),

Humidity (degrees), .

White Spine,

Hotliouse, .

7.10

10 m.

G5

79

N

N

7.40

20 m.

CI

1 t

N

N

8.15

30 m.

57

S3

N

N

9.00

45 ni.

57

78

N

N

10.00

Ih.

55

84

SI

SI

9.10

2h.

72

93

BB

BB

Experiment XXVII.

Cloudy Night Exposures luitli Older Plants, April 16.

Fumigation with .015 gram KCN per cubic foot; plants

five weeks old; amount of sunlight the day of treatment, 11.5

hours ; conclusions drawn after one week.
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EXPEKIMENT XXXIII.

Cloudy Night Exposures until Older Plants, Aj)ril 10.

Fumigation with .03 gram KCX per cubic foot
;

plants

thirty-eight days old ; amount of sunlight the day of treatment,

four hours; conclusions drawn after one week.
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Fumigation with .01 gram KCN per cubic foot; plants

thirty-seven days oki ; amount of sunlight the day of treat-

ment, 4.6 hours; conclusions drawn after one week.
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Set Numbers.

1



1910.] PUBLIC DOCUMENT— No. 31. 247

which frequently, at least, in such cases were not as vigorous

as the others, though this was avoided whenever possible.

8. Comparison of the results of these experiments on cucum-

bers with those of Mr. W. V. Tower on tomatoes shows that the

former are much the hardier, successfully resisting more cya-

nide and longer exposures.
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Acid number, butter fat,

Acid phosphate, quality of,

Activities, station.

Agriculturist, report of.

Air, effect on butter fat.

Alfalfa, ground.

Ammonia, sulfate, quality of,

Analyses, miscellaneous.

Animal nutrition, work in.

Apiaries, law for inspection needed

Apple leaf spot, occurrence of,

Apple rust, occurrence of.

Apples, Ben Davis group of, .

Ben Davis group, varieties in.

Climatic variations.

Description of varieties in Ben Davis group

Arkansas Beauty,

Arkansas Belle, .

Ben Davis,

Different lots, variability of,

Flesh of, cause of variation in.

Form of, cause of variation in.

Size of, cause of variation in, .

Variation in, .

Variation in basin,

Variation in bloom,

Variation in calyx.

Variation in calyx tube, .

Variation in, causes of, .

Variation in cavity.

Variation in chemical composition.

Variation in college orchard, .

Variation in color, .

Variation in core, .

Variation in core cells.

Variation in, discussion of.

Variation in dots on.

Variation in flesh, .

Variation in form, .

Variation in, from different parts of the trees,

Variation in, from different trees

Variation in seeds.

Variation in size,

Variation in skin of.

Variation on stem,

Variation in, summary of observations and conclusions on.

Asparagus beetle, egg parasite of, .

PAGE
135

58

17

36

134

61

57

23

48

IS

70

70

176

176

197

177

177

178

178

203

211

210

211

194

208

207

209

209

210

208

206

194

207

209

209

197

208

205

197

196

195

210

203

207

208

212

74
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for

Asparagus, breeding experiments with,

Fertilizer experiments,

Relative value of muriate and sulfate of potash for,

Babeock machines, inspection of, .

Babcock test, conclusions on methods of reading

Observations in reading,

Reading the, ....
Babcock testing, examination of candidates

Barnyard manure, average yield of hay on,

Basic slag phosphate (meal), quality of.

Bean rust, occurrence of.

Beet scab, occurrence of,

Ben Davis apple, description of fruit,

Sales of, ... .

Ben Davis groufD of apples,

Ben Hur, .....
Black Ben Davis,

Bone and potash, average yield of hay on,

Botanist, report of the.

Breeding experiments, asparagus, .

Buildings, construction and improvement.

Butter fat, acid number,

Action of heat on, .

Chemical changes in.

Composition of, .

Effect of air on.

Effect of light on, .

Effect of moisture on.

Ether luimber.

Iodine number.

Physical changes in.
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Coffelt,

Cole Davis,......
Control work, .....
Copper, volumetric determination of.
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Cottonseed meal (as foodstuff), quality of.

of potash

fo

ons.

localities.

in fertilizers on.

for.
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135
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38
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163

58
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134

206

46

197

37

43
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185
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24

140

48
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60
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of,

to deteriui

Cottonseed meal, quality of, .

Cows, pure-bred, testing,

Testing, .....
Cranberries, influence of nitrate of sod.a on.

Influence of phosplioric acid on.

Influence of sulfate of potash on,

Cranberry bog needed, ....
Cranberr^y fertilizer experiments.

Cranberry growers, co-operation of.

Cream, free examination of, .

Creameries paying on basis of Babcock test.

Crop diseases of the year,

Cucumber and melon, calico or mosaic disease

Cucumber and melon leaf spot, occurrence of.

Cucumbers, best soil for.

Fumigation by day, direct sunlight,

Fumigation cloudy days,

Fumigation cloudy nights,

Fumigation cloudy night with electric light,

Fumigation experiments, conclusions based on.

Fumigation experiments with,

Fumigation moonlight nights, .

Fumigation starlight nights.

Injurious effect of pig manure for.

Varieties used in fumigation experiments.

Dairy law, execution of, ... .

Depression in digestibility by molasses, experiments

Digestibility co-efficients, molasses experiments.

Digestion depression caused by molasses,

Director, report of, .... .
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Faeces in molasses experiments, composition of.
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Feed and dairy section, resume of work in,

Feed law, execution of, ....
Uniform, ......

Feeds, free examination of, .

Feedstuffs used in experiments with molasses, composition

Weight of, .

Fertilizer experiments, asparagus, .

Cranberries, . . . . •

Fertilizer ingredients, tr.ade value of,

of,

e cause of.
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63

108
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58

57

57

70

45

186

75
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111

139

67

59
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62
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110
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27

31
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Fertilizer section, rfeume of work in, .

Fertilizers, analyzed, ......
Collected, .......
Commercial sliortages in, ....
Commercial value of, compared with retail prices,

Different grades of, .....
Guarantees compared with results of analyses, ,
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Malnutrition, conimon in greenhouses— Concluded,

Nitrate of soda a cause of, .

Sheep manure a cause of, . . .

Symptoms of, .....
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MASSACHUSETTS

AGRICULTURAL EXPERIMENT STATION

01<' THE

MASSACEUSETTS AGEICULTUEAL COLLEGE,

AMIIEIJST, MASS.

TWENTY-SECOND ANNUAL REPORT.

Part II.

SUMMARY OF LEADING CONCLUSIONS.

WM. P. BROOKS, DIRECTOn.

The papers presented in this part of the report treat a wide

variety of subjects. These will be found in the table of con-

tents. Many of the articles are of such a character that it is

impossible briefly to summarize them. The articles themselves

are concise, and those interested in the subjects should refer to

them. Some of the more important of the conclusions may be

stated as follows :
—

1. A combination of fine-ground bone and low-grade sulfate

of potash appears to constitute a satisfactory fertilizer for

apple trees. The low-grade sulfate is much superior as a source

of potash to the muriate, and basic slag meal seems likely to

prove well adapted for use in the apple orchard as a source of

lime and phosphoric acid.

2. Dried beet pulp at prevailing prices is not an economical

food. The farmer should make it a rule to produce starchy

or carbohydrate feeds, rather than to purchase them.
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3. Dried molasses beet pulp is a very palatable food for

dairy stock. It seems to be nearly equal to corn meal in its

value for such stock.

4. Beet residues should be moistened before being fed ; but

while their use may occasionally be necessary, it should be the

rule to buy foods rich in protein whenever it is necessary to

supplement home-grown supplies.

5. Beet leaves may be fed to dairy stock with fairly satis-

factory results, and may be used either fresh or in the form of

silage; but they should not be largely used as food for cows

producing milk for infants.

C. The factors which enter into the cost of milk are stated,

and estimates based upon them show that the cost may be ex-

pected to vary (according to the quantity of milk yielded by

the cows) from 3.86 to 5.18 cents per quart. The food cost

of milk produced at the station during two years has been from

3 to 3.3 cents per quart. If other items of cost are added, it

is believed that the total cost lias amounted to a little more

than 5 cents per quart, and that the cost of producing milk

satisfactory in sanitary quality, and containing from 4 to 5

per cent, of butter fat, will usually be found to amount to

from 4 to 5 cents per quart.

7. The extravagant claims made for the condimental and

medicinal stock and poultry foods are not justified by the facts.

They possess neither the food nor medicinal value claimed for

them. It is pointed out that the healthy animal does not need

medicine, and that medicines should rarely be used without the

advice of a competent veterinarian.

8. Figures showing the composition of peat are presented,

and its value for composts, as an absorbent and for direct ap-

plication to light soils is pointed out.

9. Among the principal causes of injury from spraying the

following are the most important: improper preparation of

the spraying fluid and the meteorological conditions. Injury

is more likely when spraying is carried on in damp, cloudy

weather than in bright, sunny weather.

10. Very many of the more serious greenhouse diseases ap-

])ear to be caused by faulty environment. The most skillful

growers avoid most diseases by suitable attention to the composi-
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tion of the soil, temperature, light, ventilation, etc. Spraying

is seldom necessary.

11. Caleinm benzoate proves ineffective as a spray for the

prevention of rot in plums.

12. Examination of a large number of commercial seeds

shows that the percentage of impurities and weed seeds is rela-

tively large. There appears to be danger that Massachusetts

will become the dumping ground for inferior seeds, since most

of the neighboring States have enacted seed laws.

13. Further experiments confirm the favorable estimate

earlier formed as to the beneficial effects of separation of seed

for the removal of impurities and light and imperfect seeds

on the germination, size and vigor of the young plants.

14. Among the leading causes of sun scorch of the foliage

of the white pine, frost injury to the feeding rootlets in winter,

hot, dry weather and drying winds appear to be the most im-

portant ; although burning of the foliage is occasionally due to

the action of a fungus. The diseases affecting the pine do not

appear to be as serious as has been often represented.

15. Among the insects which were most prominent during

the season of 1909 may be mentioned the elm-leaf beetle, San

Jose scale and various kinds of plant lice. The article on
'' Insects of the Year " calls attention to the introduction of the

leopard moth, which promises to be a serious pest, and to the

continued spread of the brown-tail moth. It calls attention

further to the discovery of an egg parasite of the asparagus

beetle, which it is hoped will prove of great assistance in check-

ing the ravages of that insect.

WM. P. BROOKS,
Director.
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MANURING AN APPLE ORCHARD.

BY WM. P. BKOOKS, DIRECTOK.

This article is based iipou the results of experiments on the

station grounds originally planned by Dr. C. A. Goessniann,

when director of the old State Experiment Station. They have

been in progress for twenty years. The leading results and

conclusions only will be presented ; but in order that readers

may have a basis for judgment as to their significance and

value, a brief statement of the conditions and i^lan of the ex-

jieriment must be given.

Location and Soil.

The orchard is located on a moderate and fairly uniform

slope, lying just to the west of a forest composed chiefly of

chestnut and hemlock which covers the northerly part of Col-

lege Hill. The soil is a strong and retentive gravelly loam, with

fairly compact subsoil. It was originally somewhat overmoist

in some places. In preparation for the orchard tile drains were

put in to carry off the excess of water. In preparing the area

for the trees a catch-water was placed at the head of the slope,

so that the orchard is protected from surface wash from higher

hind. There can be no doubt that the moisture conditions are

exceptionally favorable, for the water absorbed by the forest

soil on higher levels to the east must constantly work through

the soil downwards towards lower levels, thus furnishing a

constant supply of moisture to the roots of the trees.

The soil is of a character naturally well suited for apples,

except that, in common with all the soils of this part of the

State, it is naturally deficient in lime. It is, however, the type

of soil commonly selected in almost all parts of the State as

naturally well suited for fruit.
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Plan of the Expeeiment.

The area originally included in the experiment was con-

siderably larger than that now occupied by the apple trees.

Pears, plums and peaches as well as apples were planted, but

neither of the first three fruits did well. A considerable num-

ber of the trees died, and after a few years all were removed.

The area devoted to apples is divided into five plots, all

equal in area (about one-third acre). The plots were laid out

and manures and fertilizers applied in accordance with the plan

adopted one year before the trees were set, in 18S9, during

which year a hoed crop was cultivated. Each plot contains

twelve trees, three each of Gravcnstein, Baldwin, Roxbury Rus-

set and Rhode Island Greening. The trees were ordinary

nursery stock, two years old, when set in the spring of 1890.

Eertilization.

Each plot has l)een continuously fertilized in the same way
each year since the date (1889) above mentioned. The annual

rates per acre are as follows :
—

Plot. Fertilizer.

Barnyard manure,

Wood ashes,

Nothing,

( Bone meal,

( Muriate of potash,

( Bone meal,

( Low-grade sulfate or potash (sulfate of potash magnesia).

Pounds.

20,0001

2,000

600

200

GOO

400

All manures and fertilizers have invariably been aj^jjlied

broadcast in early spring. They were mixed with the soil so

long as the orchard continued under cultivation, but since it

has been in grass they have necessarily been left upon the sur-

face.

» About 31,^ cords.
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Cake of the Tkees.

The entire orchard was carefully cultivated for the first five

years after the trees were set, the area between the trees being-

occupied bj hoed crops. Since 1895 the orchard has been ke])t

continuously in mixed sod, grasses and clovers, except that dur-

ing the first few years after it was seeded small circles immedi-

ately about the trunks of the trees were kept free from grass

by hand culture. The product was cut, usually twice each

season, made into ha}^ and removed every year until 1902,

when the trees first bore a large crop of fruit.

In 1902 the first crop was made into hay and removed, but

the second crop was cut and left upon the ground. This prac-

tice has been followed annually since 1902. In seasons when

rainfall is normal we cut over the orchard twice with the mow-

ing machine ; but during the past two seasons, which have been

exceptionally dry, a single cutting has appeared to be sufficient.

The orchard has been well cared for as regards pruning and

spraying. The San Jose scale, however, obtained a foothold in

it in 1901. It was discovered before serious damage had been

done, and annual thorough spraying in spring with the lime

and sulphur mixture has been sufficient to protect it from any

serious injury from this pest.

Condition and Size of the Teees.

The trees have maintained for the most part a thoroughly

healthy and normal growth. They have broad, low heads, well

adapted for modern orchard methods. One tree has been lost

in each of two plots, •— a Gravenstein in plot 1 and a Russet

in plot -4. These trees were promptly replaced, but the young

trees have not yet come into bearing. The trees of all varieties

exhibit considerable individual variations in size within each of

the plots. To what these differences are due it is impossible

to say. Possibly it may be attributed to differing individual

characteristics in the trees themselves, for, as has been stated,

they were ordinary nursery stock, and not known to have

come in the case of any of the varieties from scions from the

same parent tree. Variations in the amount of fruit produced

would undoubtedly affect the growth of the trees, while it is
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of course possible that variations in the soil are responsible for

the dift'erences in growth. In spite of the fact of these indi-

vidual variations, the trees of any particular variety in a given

]ilot exhibit a fair degree of uniformity, and the averages pre-

sented below afford a cood indication of the relative effects of

the different systems of fertilization followed.

Average Circumference of the Trees.

Autumn, 1909.

Plot
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Total Yield io Date for Each Variety.
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and 3. At the present time the apples on plot 1 take a higher

relative rank, and in all cases where the qnantity of fruit is not

excessive the apples on plot 1 are usually larger than on any

of the other plots.

A number of tests of keeping quality have been made, and

in this respect the fruit has usually ranked in about the fol-

lowing order: plots 5, 4, 1, 2 and 3. The relatively low rank of

the fruit from plot 2 in keeping quality appears to be con-

nected with the fact that this fruit comes to maturity earlier

than that on the other manured or fertilized plots. It will be

noted that the fruit from plot 2 ranks highest in appearance.

This is due to its superiority in coloring. This in turn is un-

doubtedly connected with the fact that the fruit is somewhat

more mature. Such fruit might undoubtedly be kept if

promptly put into cold storage ; but in ordinary storage it is

considerably inferior to the somewhat less thoroughly ripened

fruit on the other manured plots.

The fruit from plot 5 has almost invariably been much su-

perior in appearance to that produced on plots 1 or 4. Here

again there have been individual variations in the product of

the different trees of the same variety on all of the d liferent

plots. There has, however, been no doubt as to the fact that

on the whole the product of plot 5 has been considerably supe-

rior in color and general attractiveness as well as in firmness

of flesh to the product from plot 4 ; while the product from plot

1, which receives barnyard manure, ranks below either of the

others in the qualities just mentioned. In general, the fruit

produced on plot 5 shows a considerably brighter and clearer

color than that on either plots 4 or 1. There can be no doubt

that it would soil at a higher price in the general market than

either of the others, although the difference between plots 4 and

5 is considerably less than between plots 1 and 5. The product

of the unmanured plot, 3, shows good color and in some cases

is of fair size, but in general is too small to command the best

prices.

The Results discussed.

The most significant residt of the experiment is the superi-

ority of plot 5 as compared with plot 4. Reference to the tables

will show that the trees are much larger and that they produce
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a much greater amount of fruit. It will be noted that both

have annually received equal amounts of bone meal, and, since

muriate of potash contains practicallv double the amount of

actual potash contained in the low-grade sulfate, and is applied

in one-half the quantity of the latter, it will be seen that both

have received annually practically equal amounts of actual

potash (at the rate of 100 pounds per acre). These two plots,

therefore, have received annually applications supplying equal

amounts of the three most essential elements of plant food, —
nitrogen, phosphoric acid and potash. There is, however, one

important difference in the applications made to the two plots.

The low-grade sulfate of j^otash contains a large amount of

magnesia ; muriate does not supply this element. Whether the

superior growth and fruitfulness of the trees on plot 5 is due

to the magnesia supplied we cannot, unfortunately, feel cer-

tain. We know, indeed, that mag-nesia is an essential element

of plant food. It is, however, an element which ordinarily

appears to be supplied in sufficient quantities from natural

sources. It is of course possible that there may be a natural

difference in the soil of the two plots, although this is not

believed to have been the case ; or that the sulphuric acid com-

bination with potash (sulfate) is better suited to the trees than

the hydrocholoric acid of the muriate.

Experiments upon a larger scale to test the questions raised

by the result of this experiment are now in progress.

This experiment shows most decisively that apple trees must

1)0 fed to grow well and bear well. The inferior results ob-

tained on plot 3, which has been unmanured throughout the

entire period of the experiments, strikingly establishes this

j)oint.

The manure used in this experiment is undoubtedly furnish-

ing too large a proportion of nitrogen. The growth of the trees

is rank; the foliage is heavy; the fruit is overgrown, coarse

and inferior in color. In this particular experiment the com-

bination of bone meal with low-grade sulfate of potash has

produced results which, on the whole, must be regarded as the

most satisfactory.
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Cost of the Fektilizeks.

The prices of the different materials used in this experiment

have been subject to some variation from year to year. On the

average the total cost has been at the rate of about $12 per acre

for the materials apjjlied to plots 2, 4 and 5. Barnyard manure,

which is a home product, may be variously estimated. If ])ur-

chased, the quantity applied would have cost somewhat more

than either of the combinations of fertilizers employed. It

may be that the cost of the fertilizers used in this experiment

is excessive. For the twenty years it would, of course, amount

to a large sum per acre; but in this connection it should be

kept in mind that the crops produced (hoed crops and hay) up

to the year 1902 were probably sufficient to cover the cost of

the materials applied. The weights of hay were not at first

taken; but from 1897 to 1901 the total product of the five plots,

I73 acres, amounts to about 27 tons, which must have had a

value, when standing, of at least $6 per ton, or a total value

of $162. During these five years the value of the manure and

fertilizers applied to the four plots amounted to about $28 an-

nually, or $140 for the five years. On this basis the fertilizer

cost appears to have been lower than the value of the hay crops.

Certainly it will not be the opinion of those qualified to judge

that the fertilizer cost is excessive for a bearing orchard. The

product of single trees this year on each of the manured plots

was worth more than the entire cost of the fertilizers applied

per plot.

How AX Orchard should be fertilized.

'No one familiar with such matters will for a moment believe

that any one selection of materials can always be best. Cer-

tainly the writer is not disposed to claim that he knows what is

the best selection of materials. The combination of bone meal

with low-grade sulfate of potash in this experiment has produced

satisfactory results. It seems likely that in many cases similar

results would be obtained. It is the writer's belief, however,

supported not alone by his own work, but by results obtained

by some well-known private growers, that on soils naturally

deficient in lime, basic slag meal might wisely be used in place



18 EXPERIMENT STATION. [Jan.

of the whole or a part of the bone. It slionkl be remembered,

however, that the bone furnishes some nitrogen as well as phos-

phate of lime, while basic slag meal contains no nitrogen. It

does, however, supply lime in a considerably larger proportion

than the bone, and this is likely to prove valuable on the class

of soils under consideration. In some cases it might be ad-

visable, in connection with basic slag meal and low-grade sulfate

of potash, to give an occasional very light dressing of manure,

to furnish nitrogen ; although it is probable that by the intro-

duction of a legume as a cover crop the necessary nitrogen may

be obtained from the air.

Pkactical Suggestions.

Eor orchard top-dressing the following fertilizer formulas

are recommended. In each case the amounts given are intended

for an acre.

Formula.
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hold. If these soils are deficient also in lime, as is likely to lie

the case, an application at the rate of 1,500 to 2,000 ponnds

per acre before the trees are set, and a further apjdieation at the

rate of 600 to 800 jwunds per acre once in five or six years, will

prove useful.

Under this system clover will become abundant in the orchard

kept in sod, while such cover crops as soy beans, vetches or

clovers will thrive if tillage is practiced. Under either the sod

or tillage system, therefore, a sufficient supply of nitrogen will

be brought within the reach of the trees.

Formula No. 2 will prove well suited for use on the medium

or heavy soils. It supplies no nitrogen, but creates soil con-

ditions peculiarly favorable for the coming in of clovers

in the sod, or nitrogen-gathering cover crops in tilled orchards.

Under these conditions it seems likely that sufficient nitrogen

will be brought within reach of the trees. If, however, the

growth of the trees is not satisfactory, a small amount of nitrate

of soda, 100 to 125 pounds, may be added.

Formula No. 3 differs from ISTo. 2 only in supplying the

slag and low-grade potash in smaller amounts. This formula is

suggested for use in those cases where it is convenient and re-

garded as desirable to employ some manure in the orchard. It

is not the writer's belief that it will usually pay to purchase

manure for such nse, but in so far as it is available as a home

jn-oduct its use in moderate quantities may be advisable,

jManure, however, supplies nitrogen in relative excess for fruit

trees. It seems wise, therefore, to supplement it with materials

like slag meal and low-grade sulfate of potash, which will supply

additional phosjihoric acid, lime and potash. It is not the

writer's belief that it will usually be best to nse manure in top-

dressing orchards in annual amounts in excess of about 1^2
cords per acre.

Sod or Tillage.

The fact that the orchard in which the experiments npon

which this article is based have been tried has been kept in sod

since 1895 should not be regarded as indicating that the sod

system is held to be always superior to the tillage system. Both

systems have their advocates. The question whether sod or

tillage is better cannot be regarded as settled ; indeed, as an
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abstract question it never will be settled. Each has earnest

advocates ; but the fact undoubtedly is that neither system is

always best. The best must vary with conditions. Neither

system possesses all the advantages.

It is not proposed to enter ujion a full discussion of the sub-

ject here, but simply to present such statements as seem neces-

sary to guard against misunderstanding.

The experiments here reported do not directly bear upon the

question. No comparison of the two systems has been made.

It will be admitted that the trees in this orchard have made good

growth and produced a fair amount of fruit. In estimating the

significance of these facts the character of the soil must be

kept in mind. It will be remembered that it is strong and re-

tentive, and that the moisture conditions are good. Under such

conditions, trees as well as grass find their need of water abun-

dantly supplied.

Whether or not the trees w^ill be abundantly supplied with

moisture must, in the writer's judgment, determine in any par-

ticular case whether an orchard should be kept in sod. On the

lighter or gravelly soils there is always danger that the grasses

will rol) the trees of needed water. It is an easy matter to

supply plant food both for grass and trees, but not so with water.

On soils inclining to be dry the moisture must be carefully con-

served for the trees, and such tillage as will maintain a dust

mulch during the spring and early summer (Hale's horse leg

irrigation) is necessary for good results.

It is of course true that allowing the grass and clovers to

remain on the ground when cut, as has been the practice in our

experiments, will provide a partial mulch which will help retain

moisture in the orchard soil ; but, even if this course be followed,

there is danger of water shortage at critical times in orchards

upon light or gravelly soils with subsoils of open texture, pro-

vided they are kept in sod. This danger is much reduced if the

grass produced in the orchard is gathered and spread under

the trees, thus providing a heavy mulch ; but, while this fact is

everywhere admitted, a large proportion of the most progressive

orchardists practice tillage in spring and early summer, sowing

a cover crop in late summer to furnish organic matter and

nitrogen, and in many cases to protect from injurious soil wash-

ing during the late fall, winter and early spring rains.

I
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BEET RESIDUES FOR FARM STOCK.

BY J. B. LINDSEY.

1. Dried Beet Pulp.

Dried beet pulj) represents the residue in the manufacture of

sugar from sugar beets. It is first run through presses to reduce

its water content as much as possible, and then put into kilns

where it is thoroughly dried by direct heat.

Composition of tlie Product.

The prepared product is very dry, coarse and of a grayish

color. It contains substantially 9 to 12 per cent, of water,

about 4 per cent, of ash, 8 per cent, of protein, 18 to 20 per

cent, of fiber, 00 per cent, of extract matter and less than 1 per

cent, of fat. The fiber is quite soft, being free from incrusting

substance and hence quite digestible.

Digestihillty of tlic Dried Pulp.

Xo digestion experiments made in this country are recorded.

German experiments show it to have a digestibility of 77 per

cent. ; corn silage made from mature dent varieties shows an

average digestibility of 66 per cent. ; and corn meal 88 per cent.

Dried Pulp as a Substitute for Corn Silage.

Wing^ compared the wet pulp with corn silage, feeding 50 to

100 pounds daily, together with 8 pounds of grain and 6 to 12

pounds of hay, and concluded that the dry matter in the pulp

was of equal value, pound for j^ound, with the dry matter found

in the silage. The milk-producing value of wet beet pulp as it

1 Bulletin, Xo. 183, Cornell Experiment Station.
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comes from the factory ^ is, pound for pound, about one-half that

of corn silage.

Billings - comj)ared the dry pulp with corn silage, and con-

cluded that the pulp ration gave 10.2 per cent, more milk than

did the silage ration ; but, because of the cost of the dried pulp,

it was more economical to feed silage. In his trial the cows

receiving the pulp ration lost in flesh.

The fact must not be overlooked that the dried pulp is a car-

bohydrate, similar in chemical composition to corn silage and

corn meal. It is believed that 5 tons of silage is substantially

equivalent in feeding value to 1 ton of the dried pulp. Putting

the value of the 5 tons of silage at $20, the ton of pulp should be

bought for the same money, whereas its present cost is some $2G.

It is believed, under present conditions, not to be good economy

for farmers to buy pulp to be used in place of home-grown corn

silage, the farm being the place for the production of carbohy-

drate food stuffs.

Beet Pulp as a Suhstitute for Corn Meal.

On the basis of digestible dry matter in dried pulp and corn

meal, the former is worth 90 per cent, of the latter. According

to Kellner the dried pulp has substantially 80 per cent, as much

value as corn meal.

2. Dried Molasses Beet Pulp.

Beet pulp, after it has been pressed to remove the excess of

water, is mixed with residuum beet molasses and the mixture

put into driers where it is thoroughly dried by direct heat.

This product, similar to the plain pulp, is quite dry, coarse,

and resembles in its appearance ordinary black tea.

Composition and Digcstihilihj.

The molasses beet pulp does not vary much in the percentages

of the several fodder groups from ordinary pulp. It usually

tests slightly higher in protein and ash and a little lower in fat.

1 Only thopc livin;? in the imincdintc vicinity of tlie factory can afford to use the wet

pulp. It is worth not ovit $2 a ton on tlie farm.

2 IJuUclin, No. 189, New Jersey Experiment Station.
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The average of three analyses of molasses beet pulp made at

this station is as follows :
—

•

Composition.
Molasses Beet Pulp

(Per Cent.).
Corn Meal for Com-
parison (Per Cent.).

Water, .

Ash,

rrotcin,

Fil)er, .

Extract matter,

Fat,

14.00

1.30

9.80

1.90

69.20

3.80

The pulp differs from corn meal in having rather more of its

protein in the form of amids, in containing more ash and less

fat. Its carbohydrates are in the form of fiber, gums and sugar,

while the carbohydrate of corn meal is practically all starch.

Our own experiment ^ on the digestibility of the molasses

beet pulp carried out with two sheep is the only one on record.

It shows it to be 85 per cent, digestible, as against 77 per cent,

for the plain pulp. These results, however, arc hardly com-

parable, as the latter figure represents the average of German

experiments. In any case the molasses pulp has a high rela-

tive digestibility, and is not very much inferior in this respect

to corn meal.

Molasses Pulp for Dairy Stock.

Billings " compared the dried molasses beet pulji with the

plain dried J^ulp, and secured a trifle more milk with the

former. He likewise compared it with hominy meal, and se-

cured some 4 per cent, more milk as a result of its use.

Our own experiment, made in 1003,^ comparing it with

corn meal, resulted in an increase of 5 per cent, of milk when

the corn meal was used. It is believed, however, to be a satis-

factory carbohydrate food, slightly superior in its nutritive

effect, as well as in palatability, to the plain dried pulp.

1 Bulletin 99, Hatch Experiment Station.

2 Already cited.
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3. How Beet Residues should be fed.

Dried beet pulp absorbs a great deal of water, and in ease it

is fed dry, tins absorption will take Y)]ace in the month and

stomach, and is likely to cause choking, indigestion and stomach

irritation. It should be first moistened with two to three times

its weight of water, and the dry grain mixed with it.

Dally Grain Rations containing Dried Beet Residues.

(a) Dairy Cows.

I.

3 pounds distillers' grains.

4 pounds dried i^lain or molasses

pulp.

III.

2 pounds gluten feed.

2 pounds flour middlings.

3 pounds dried beet pulp.

II.

1.5 pounds gluten feed.

1.5 pounds cotton-seed meal.

4.0 pounds dried beet in\\p.

IV.

2 pounds wheat bran.

2 pounds cotton-seed meal.

4.05 j)Ounds dried beet pulp.

(5) To supplement Pasturage. — By weight one-half of

dried beet pulp and one-half gluten feed-; or one-third dried

beet pulp, one-third gluten feed and one-third wheat "bran; or

two-thirds beet pulp and one-third distillers' grains would prove

desirable combinations (feed from 3 to 7 pounds daily depend-

ing upon requirements).

(c) For fattening Stoch. — It should prove satisfactory for

fattening beef animals, in the j^roportion, by weight, of two-

thirds beet pulp and one-third cotton-seed meal. The material

is hardly to be recommended for swine and horses.

Tlie Place of Dried Beet Residues in the Farm Economy.

Earmers who are in position to ])rodnce their own feed cannot

afford, as a rule, to purchase starchy feed stuffs ; they should be

produced upon the farm, in the form of corn, oats and barley.

Eor milk production it is much more desirable to purchase

materials rich in protein, such as cotton-seed and linseed meals,

dried distillers' and brewers' grains, gluten feed, malt sprouts,

fine middlings and even l)ran. These feed stuffs ai-o not only

very helpful in milk production, but likewise snpply large

amounts of nitrogen in the resulting manure. When the supply
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of home-grown corn is exbansted or limited, beet residues may

be substituted for fattening stock and as one-third of the grain

ration for dairy purposes. Milk producers who purchase all of

their grain will find the dried pulp a satisfactory component

(one-half) of the daily ration.

4. Beet Leaves.

Every autumn the station is in receipt of inquiries concern-

ing the value of beet leaves for feeding purposes. In order

to answer these inquiries the following information is sub-

mitted :
—

Composition and Digestibility.

The leaves have the following average composition :
^ —

Per Cent.

Water, 89.30

Ash, 1.80

Protein, 2.30

Fiber, 1.50

Extract matter, .......... 4.70

Fat, 40

From the above analysis it is evident that the leaves contain

a great deal of water and on the basis of dry matter are rela-

tively rich in protein and ash and poor in fiber. The leaves

contain 20 to 3Y.7 per cent, of their nitrogen in the form of

aniids. The ash contains a large amount of oxalic acid (3.5

per cent, of the dry matter), and in the extract matter varying

amounts of dextrose and lievulose have been recognized.

According to F. Lehmann,- sheep digest 61 per cent, of the

crude protein, 52 per cent, of the fat and 75 per cent, of the

extract matter.

How to feed the Leaves.

Beet leaves are best suited for dairy cows and for fattening

cows and steers. They are less suited for young stock, swine,

horses and sheep. Fed in too liberal quantities they have a

decidedly laxative effect, and likewise cause indigestion. This

is due to the oxalic acid and inorganic ash constituents. The

same bacteria which in the paunch of the bovine produces lactic

» E. Pott, Handbuch der Thicr. Ernahrung, etc. Zweite Auflage, II. Bd. S. 201.

2 See E. Pott, already cited, p. 202.
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acid act to an extent iipou the oxalic acid and partially decom-

pose it. It is advisable to feed not over 50 pounds daily of the

green leaves to dairy cows, together with dry hay and grain. In

case of cows that are near to calving one-half of this amount is

preferable. It is stated that dry cows and thin steers will take

larger amounts without bad effect.

German observers have found it helpful, in order to guard

against the unfavorable action of the oxalic acid, to feed 1 ounce

of precijiitated chalk to every 50 pounds of leaves. It is not

advisable to feed the leaves when the milk is intended for young

children. Before feeding, the leaves should be made as free

from soil as possible. This can in a measure be accomplished

by shaking off the dirt with the aid of a fork, or by placing them

in slatted drums or on sieves made of slats. It is not economical

to wash them, as too much of the water-soluble nutrients is

lost.

Beet leaves may be ensiled, and thus treated have been found

to be less laxative in their eifect. The oxalic acid is also partly

decomposed. The leaves should bo allowed to wilt, freed from

excessive earth or sand, and then placed in pits in the earth or

in ordinary wooden silos and thoroughly tramped. Excess of

moisture is to be avoided. In case of necessity the leaves may

be j)laced in small piles, and Avill keep very well for from one to

two weeks. The ensiled material contains approximately 7G

l)er cent, of water, and E. Wildt^ has shown it to have the fol-

lowing percentages digestible :
—

Per Cent.

Pi'otein, 65

Fat, 60

Extract matter, . 54

It is not advisable to feed to cows over 25 pounds daily of

the ensilage, together willi hay, straw and grain. Larger

amounts frequently act unfavorably on the animal, and are

likely to produce a strong taste in the milk. German authorities

are inclined to prefer the ensiled to the fresh leaves, especially

if the latter arc at all frosted or decayed.

> Loco citato, p. 207.
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THE COST OF TRODUCING MARKET MILK.

BY J. B. LINDSEY.

It is impossible to determine just bow mucb it costs to pro-

duce a definite amount of milk, as so many factors enter into

tbe problem. Among such factors may be mentioned fertility

of the farm, skill in management, kind of buildings and utensils

employed, quality and care of dairy stock and care of the result-

ing product. It is the belief of the writer that in the past

a great deal of milk has been made and sold for less than

the cost of production. In making an attempt to gain a tem-

porary livelihood from dairying, many have sacrificed the fer-

tility of their farms, employed the most primitive methods of

housing and caring for the dairy stock, and the family has

cared for the milk and for the dairy utensils without credit.

Now that the health authorities are demanding better dairy

methods, the dairyman is indeed confronted with a serious prob-

lem, namely, how can he conform to these requirements, and

produce milk at a reasonable profit ? The writer sees no way out

of the dilemma other than to teach the public to appreciate the

highly nutritious character of milk, and to educate it to pay a

price commensurate with the increased cost of producing a

reasonably sanitary article. An attempt has been made, in the

figures which follow, to estimate the cost of producing a definite

amount of milk containing 4 per cent, of butter fat, which will

meet the ordinary requirements of the city boards of health.

The figures per quart mean the wholesale price at the farm, and

do not include profit to the producer, other than the fact that

he sells all of his roughage and whatever grain he may produce

upon his farm at market rates. If he cares for his own cattle,

he is allowed a reasonable compensation. It would probably be

no more than fair to add to the cost per quart 10 per cent, for

actual profit. In order to determine the retail price to the con-
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siimer, the cost of delivery to wholesale centers as well as the

cost of retail distribution should be added.

Estimated Cost of ]\Iilk Pkoductiox pee Cow.

Basis 20 Cows.

1. Building for bousing cow and feed (per cow), .

Interest, taxes, depreciation, repairs and

insurance, 10 per cent., .

2. Yahie of cow,

Interest and taxes, 6 per cent., .

Depreciation, 20 per cent., .

3. Value of carj^enter's tools (per cow),

Interest and depreciation, 15 per cent

4. Value of barn tools (per cow, — farm scale

shovels, forks, trucks for grain, manure

t^LL.*)a* « • • • • •

Interest and depreciation, 15 per cent.,

5. Value of dairy implements (per cow, — milk

pails, scale, Babcock testei', strainers, bot

water beater, cleaning brusbes, etc.).

Interest and depreciation, 15 per cent.,

6. Value of perisbable tools and supplies (per cow

cards, brusbes, record sbeets, soap, salt

ice, bedding, bull service, veterinary, etc.)

7. Value of food consumed for one year :
—

40 pounds of silage daily for 224 days (7V2

montbs), at $3.75 a ton,

12 pounds of hay daily for 224 days (7V2

montbs), at $17 a ton, . . . .

8 pounds of grain daily for 224 days (7^
montbs), at $32 a ton, . . . .

20 weeks' pasturage, at 30 cents per week, .

One-third cost of food (basis of winter feed-

ing) Avhile at pasture, . . . .

8. Care of cow and milk for one year, .

Credits.

5 cords manure,

1 calf each year,

$75 00

75 00

80

2 28

3 35

$7 50

4 50

15 00

12

34

50

11 86

16 80
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Cost of Milk per Quaet.

$137.07

137.07

137.07

137.07

137.07

2,660 quarts (6,000 pounds) =5.15 cents per quart.

2,930 quarts (6,500 pounds) =4.68 cents per quart.

3,100 quarts (7,000 pounds) =4.42 cents per quart.

3,330 quarts (7,500 pounds) = 4.12 cents per quart.

3,550 quarts (8,000 pounds) =3.86 cents per quart.

It must be remembered that the above figures are intended

only as an estimate. The value of the barn for housing 20 cows

is estimated at $1,500 ; some may consider this a low estimate,

others a high one. The cost of food for one year is intended for

cows weighing from 1,000 to 1,200 pounds and producing at

least 7,000 pounds of milk yearly. The food cost for smaller

cows, weighing 750 to 900 pounds and producing 6,000 pounds

of milk, woidd be $6 to $8 less.

The care of the cow and the milk for one year has been

estimated by different individuals at from $18 to $45. It is

believed that $30 represents a fair average.

It will be noted that the food is by far the largest cost item.

Thus, the food is estimated at $89.25 and the other expenses

at $47.82, after an allowance of $22 for manure and calf.

Otherwise expressed, the housing and care of the animal and its

products represents substantially 50 per cent, over the cost of

food. The figures show that the cost of producing a quart of

average milk varies from substantially 4 to 5.15 cents.

TooD Cost of ]\Iilk produced by Station Herd.

The station keeps from ten to twelve cows, mostly pure-bred

or grade Jerseys, for the purpose of carrying out a variety of

experiments in studying the value of different foods for milk

production, and for noting the effect of foods upon the composi-

tion of milk and butter fat. An exact record of the cost of the

milk produced by this herd has been kept since 1895. In this

connection a resume of the record is presented for the years

1907 and 1908. At this writing the 1909 cost has not been

tabulated.
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likely to cost the average producer from 4 to 5 cents a quart to

produce milk of satisfactory sanitary quality, testing from 4 to

5 per cent, of butter fat.

Milk produced under more than average sanitary conditions,

or certified milk, will naturally cost considerably more than the

figures presented in these estimates.



32 EXPERIMENT STATION. [Jan.

CONDIMENTAL AND MEDICINAL STOCK
AND POULTRY FOODS.

BY J. B. LINDSEY.

Several years ago the station made quite an exhaustive study

of the composition of this class of feeds, and published its

results in Bulletin No. 106, the edition of which has long since

been exhausted. It is intended in what follows to give a resume

of the most important points made in the bulletin, in order to

answer the frequent inquiries which come to the station con-

cerning them.

It is not thought advisable to publish in this connection the

detailed composition of each brand as it was given in the bulle-

tin, as it may have been modified to some extent since the exam-

ination was made. It is believed, however, that the following-

statements will prove sufficient to enable every one to form a

correct opinion concerning their general character, commercial

value and utility.

Basic ob Eood Ingredients.

The chemist and microscopist have found these foods to con-

sist principally of ordinary grains and concentrates, such as

wheat by-products (bran and middlings) and corn meal. In

some cases a few hundred pounds to the ton of linseed, cotton-

seed and occasionally meat and bone meal have been added,

obviously to increase the amount of protein ; such mixtures con-

tained from 10 to 20 per cent, of that nutrient. Occasionally

the presence of considerable quantities of mustard hulls, cocoa

shells and weed seeds are noted, used evidently as a filler.

The poultry foods more frequently reveal the presence of from

10 to 50 per cent, of ground oyster shells or noticeable quantities

of ground bone, which accounts for the exceptionally high ash

percentage.
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Nutritive and Commercial Values of the Food Ingredients.

It having been shown that the bnlk of these foods is made up
of ordinary gronnd grains and by-prodncts, it must be evident

to all that they cannot have a greater nutritive value than is

to be found in the materials of which they are composed. The
extravagant claims made by the manufacturers concerning their

wonderful nutritive properties is in no way substantiated by

the analytical results. It also must be clear that their com-

mercial value from a nutritive standpoint cannot exceed 1 to

11/2 cents a pound. Certainly no one would entertain the idea

of purchasing these mixtures, at the prices asked, because of

any particular nutritive value they may possess.

ClIAEACTEE OF MeDICINAL INGREDIENTS.

In addition to the various cereals and by-products, these foods

contain small quantities of a variety of substances, most of

which possess simple medicinal qualities, to which it is under-

stood is attributed the wonderful nutritive and curative

properties claimed for them. The condition powders^ so called,

generally contain larger quantities of these medicines than the

stock and poultry mixtures. The medicinal substances are de-

scribed as follows :
—

Fenugreek and fennel are the ground seeds of plants grown

in southern Europe, known botanically as Trigonella Foenum

Grcecum, and Foeniculum vulgare. They are aromatic sub-

stances, used to excite the action of the stomach, thereby reliev-

ing indigestion and gas, and also to impart an agreeable flavor.

It was formerly believed that fenugreek increased the quantity

and improved the quality of milk, but such ideas are now largely

exploded. The quantity used is comparatively small.

Anise or Aniseed (Pimpenella Anisum) is the seed of a plant

cultivated in Spain and Malta. It has a pleasant warm taste

and an agreeable odor, and is used for much the same purpose

as fenugreek.

Gentian, occasionally recognized, is the dried root of the plant

known as Gentiana lutia, and is grown in central and southern

Europe. It is very bitter, and is used as a stomach tonic, pro-

moting an increased secretion of the gastric juice.
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Ginger is the powdered underground stem of Zinglher offi-

cinale, grown principally in India and the West Indies. It

stimulates the various membranes with which it comes in con-

tact, and is used as an appetizer and to reduce the griping effects

of purgatives.

Pepper, the common black form, is obtained from the brown

berries of an East India climbing plant, Piper nigrum. Cay-

enne pepper consists of the dried ripe fruit of Capsicum fasti-

giatum and annum. Both kinds are used as a stomachic and to

increase the activity of the reproductive organs.

Salt, of which many of the mixtures contained from 2 to 20

per cent., was used as an appetizer.

Sulfates of magnesia and soda, in the form of Epsom and

Glaubers salts, are purgatives, and are frequently spoken of as

" salts."

Saltpeter, iiitraie of potash or niter, is used in medicine to

excite the action of the kidneys and to reduce fever.

Sodhnn hicarhonate is employed to neutralize an undue

acidity of the stomach.

Sulphur is used as a laxative, alterative, and as a stimulant

of mucous surfaces.

Iron found as the oxidfe— Venetian red or Princess metallic ^

is not used medicinally, but is employed to color or disguise the

real character of the food. Sulfate of iron used as a restorative

and tonic was seldom identified.

Charcoal. Its medicinal value consists in its ability to check

fermentative changes, and to absorb undesirable gases. In most

cases it appears to have been ground fine and mixed with the

other ingredients to conceal their identity.

Tumeric, the powdered root of an East Indian jilant, the

Curcuma longa, is a stomachic, but is used principally as color-

ing matter.

Quantity of Medicinal Ingkedients.

No attempt was made to determine the exact quantity of

each of the several drugs employed. Most of the foods contained

from 5 to 40 per cent, of ash. Ordinary grains and by-products

rarely contain more than 5 per cent, of ash; the excess in the

» Dry paints.
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present cases was made up of snch mineral substances as oyster

shells, bone, sand, common salt (2 to 20 per cent.), Epsom or

Glaubers salts (about 5 per cent.), niter (1 or more per cent.)

and Venetian red. The vegetable drugs— fenugreek, fennel,

anise, gentian, ginger and pepper— were employed in suffi-

cient quantities to produce an agreeable odor and smart taste,

probably in quantities varying from 5 to 10 per cent, of the

whole mixture. In some cases the total quantity of mineral and

vegetable drugs constituted from one-sixth to one-third of the

mixture, while in other cases the amount of such substances was

very much less.

Cost and Selling Price compared.

None of the mineral drugs, excepting niter, cost much over 1

cent a pound ; the vegetable drugs vary in price from 3 to 12

cents a pound. Judging from all the data at hand, the cost of

the entire mixtures— grains and drugs— could rarely have

exceeded 3 to 4 cents a pound. In many cases it could not have

been more than 2 cents a pound.

The initial cost of the condition powders is probably some-

what greater than the ordinary stock foods. The retail prices of

the latter vary from G to 25 cents a pound, depending on the

brand and quantity purchased. Condition powders are much

higher priced, varying from 30 cents to $1 a pound. Is it not

strange that many are willing to pay extravagant i:»riccs for ma-

terials possessing such ordinary feeding and medicinal values ?

It is hoped that poultrymen have sufficient common sense to pur-

chase bran, corn meal, salt, oyster shells, charcoal and meat

scraps separately, rather than pay from 10 to 20 cents a pound

for such mixtures put up in attractive packages, for which the

manufacturers make the most astounding and unreasonable

claims.

Utility of these Foods.

Their food value cannot be greater than the ordinary grains,

of which they are largely composed. Their medicinal value de-

pends largely upon the aromatic seeds and roots used as a tonic

for the stomach, on charcoal as an absorbent and on the purga-

tive effect of the Ei:)Som or Glaubers salts. The quantity recom-
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mended to be fed daily is iisnallj so small (1 ounce or less)

that very little if any effect can be expected nnless the material

is fed for a considerable length of time. While it is probably

true that some of these stock foods may prove beneficial under

certain conditions, it is also true that most of them are hetero-

geneous mixtures, and evidently put together by parties quite

ignorant of the principles of animal physiology, pathology and

veterinary medicine.

Claims made by Manufactueers.

The following are the principal claims made by one of the

largest manufacturers of stock and poultry foods :
—

Horses. — Gives greater speed endurance. Imparts new life

and strength. Makes colts grow very rapidly and keeps brood

mares and colts healthy. Guaranteed to save corn and oats.

Makes horses fat, gives glossy coat and fine appearance.

Cattle. — Increases the milk yield 15 to 25 per cent, and

increases the richness of the milk. Removes taint from milk,

cream and butter, and makes milk more healthful for human
use. Such milk will convey some of the beautiful elements of

the vegetable ingredients we use into the systems of your chil-

dren, and they will ]3e stronger to ward off disease. Makes

calves grow as fast as new milk. Saves thirty days' time in

fattening cattle, and 15 to 25 per cent, of the grain usually re-

quired.

Hogs. — Cures and prevents hog cholera, and is the quickest

hog grower ever discovered. Makes juicy aud tender meat.

Poultry. — It prevents disease and cures chicken cholera.

It greatly increases egg production and makes chickens grow

very raj^idly.

The. amount advised to be fed daily to horses and cattle to

accomplish these marvelous results is two-thirds of an ounce

!

The material costs 14 cents a pound in 25-pound lots.

The Connecticut, Pennsylvania, Rhode Island, Virginia,

Iowa, South Dakota and Massachusetts stations have found this

stock food to consist principally of wheat (bran and middlings),

to which has been addccl fine charcoal, a bitter substance resem-

bling gentian, cayenne and common salt. Another large manu-
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factiirer makes essentially the same claims as above, and the

material sells at 6 cents a pound in 25-poiind lots. The same

experiment stations found it to be composed largely of corn

meal, with small quantities of fenugreek, gentian, charcoal and

salt.

Farmers, dairymen and poultrymen: What would be your

opinion of any experiment station worker who would make such

statements concerning the nutritive, medicinal or commercial

value of corn meal, wheat bran, charcoal, gentian and salt ? Do
you think there is any humbug iu the claims made by the manu-

facturers of such goods ? The question is left for you to decide.

You may he the judge.

Do Healthy Animals need Medicine ?

Dr. Paige, the veterinarian at this college, very pointedly

expresses the most advanced views of the profession when he

says, " Animals in a state of health do not need condition pow-

ders or tonic foods. There is in the body of a healthy animal

a condition of ecjuilihriuni of all body functions. The processes

of digestion and assimilation are at their best. All that is re-

quired to maintain this condition of balance is that the animal

be kept under sanitary conditions, and receive a sufficient supply

of healthful, nutritive food and pure water. While tonics may
improve the appetite so that the animal will temporarily con-

sume and digest more food, should this increased quantity of

nutrients consumed not be appropriated by the tissues of the

body, harm may result from thus overloading the lymphatic

system, or from an increased action of the excreting organs."

Treatment of Sick Animals.

The writer believes it unwise to give drugs to animals when
it can possibly be avoided. Even such simple substances as

" salts," ginger, gentian and the like should be used as sparingly

as possible. If an animal is out of condition, and it is believed

a tonic will be helpful, try the following, suggested by Bartlett

of the Maine station :
" pulverized gentian, 1 pound

;
pulverized

ginger, Yi_ pound
;
pulverized saltpeter, ^,4 pound

;
pulverized

iron sulfate, V2 pound. Mix and give one tablespoonful in the
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feed once a clay for ten clays, omit for three clays, then give ten

clays more. Cost of the above, 20 cents a pound,"

In exceptional cases, when skilled medical treatment appears

absolutely necessary, it is far wiser to employ a reliable veteri-

narian than to attem^it home doctoring by the indiscriminate use

of patent medicines or powders recommended to' cure every-

thing.-^

1 This bulletin docs not decry the various veterinary medicines put up by pharmacists

and veterinary surgeons for the use of stockmen. The claims made for them are, as a

rule, quite reasonable, and they unquestionably have their proper sphere of usefulness.
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THE UTILIZATION OF PEAT IN
AGRICULTURE.

BY II. D. HASKINS.

Peat is composed largely of partially decomposed vegetable

matter. In its natural condition, when found in the swamp, it

is very dark or nearly black in color and contains about 80 to

90 i^er cent, of water. The limited use of peat dates back many

years, before the introduction of the commercial fertilizer, but

in the early history of its use little was known regarding its

chemical composition. It was used as a supplement to farmyard

manure and to improve the mechanical condition of light, sandy

and gravelly soils. If we should measure the value of peat for

agricultural purjioses from the standard of a chemical analysis,

the standard by which the worth of all commercial manurial

substances is established, we would find that its greatest value

lies in its organic nitrogen-containing constituents, which means

the organic combinations commonly known as humus.

During the jiast fifteen years there have been many analyses

of peat made at this laboratory. These analyses, 55 in number,

and representing products from every county in the State, have

been averaged, and will serve to illustrate fairly well the chemi-

cal composition of the peats found in Massachusetts. A dis-

crimination has been made between peat and muck samples

;

those containing a relatively high percentage of insoluble matter

or ash, and which are commonly known as muck deposits, have

been excluded from the average.

Average Chemical Composition of 55 Samples of Peat made at the

Massachusetts Experiment Station Laboratory.

Moistiu-e, 60.85

Dry matter, . 39.15

100.00
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100 i^arts of dry matter contain :
—

Parts.

Organic matter, 58.00

Nitrogen, 2.19

100 parts of peat ashes contain, on the average :
—

Parts.

Potassium oxide, .44

Phosphoric acid,.......... .99

Calcium oxide, .......... 2.53

Silicious material soluble in dilute hydrochloric acid, . . 88.12

There can be only a very small agricultural commercial value

to the mineral constituents found in peat, as may be seen by the

small amount of potash, phosphoric acid and lime given in the

average analyses. The greater part of the ashes of peat is com-

posed of insoluble silicious material possessing little or no value

as plant food. The commercial value of the potash, phosphoric

acid and lime in 1 ton of peat ashes, provided they were all in a

highly available form, which is probably not the case, would be

less than $2. It might be mentioned in this connection that it

would take 7,115 pounds of peat of the above composition to

make 1 ton of ashes. If peat has any pronounced value as a

fertilizer, therefore, it must lie in the organic portion,— that

2)ortion which contains the humus and nitrogen.

In selecting the most valuable peat for fertilizing purposes

we would, therefore, choose the product which contains the smal-

lest amount of mineral matter ; in other words, that ]iortion that

appears to be purely organic vegetable matter. In this connec-

tion a question suggests itself to the mind: is there any differ-

ence in the availability of the nitrogen contained in j^eat taken

from various depths ? Upon first thought one would expect that

the lower layers of peat would be in a more advanced state of

decomposition, and its nitrogen would, therefore, be more avail-

able. Several years ago the writer was able to make an interest-

ing exiJcriment regarding the availability of the nitrogen in peat

taken at various depths. The samples were procured from a

dejDosit averaging about 5 feet deep. One sample was taken

from the first 18 inches of the surface layer, the intermediate

layer was sam2:)led between 18 inches and 3 feet below the sur-
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face, and the lower layer was sampled at a depth of 3 feet. A
fourth sample was procured from the same locality, but was

taken from a pile of air-dried peat which had been excavated

several months previous and had been allowed to lie exposed to

the oxidizing agencies incidental to the weathering process.

The table of analyses has been prepared on the basis of 100

parts of dry matter, the method used for the determination of

the availability of the nitrogen being the alkaline permanganate

method.

Peat.
Total

Nitrogen.
Per Cent, of

Nitrogen Available.

AVeathered peat,

Top layer (first 18 inches),

Intermediate layer (18 inches to 3 foet),

Lower layer (below 3 feet)

,

In case of the samples examined it will be seen that the lower

layers contained less nitrogen, which was probably rather less

available than that in the upper layers. It may be seen, further,

that the weathered peat, although showing a smaller nitrogen

content than even the intermediate layer, apparently has a

slightl}' higher availability. These results seem to me very sig-

nificant. The weathered sample was a mixture of the peat

taken from the same locality to a depth of from 4 to 5 feet, and

yet v/e find that it leads in the availability of its nitrogen. This

indicates the possible beneficial effect of the weathering or

oxidizing process.

It should not be understood that the above figures represent

the actual amount of nitrogen in the peat that is immediately

available as plant food. There is no certainty that laboratory

methods accurately indicate availability. They are as yet arbi-

trary, and much work needs to be done along the lines of vegeta-

tion experiments before we can definitely say just how much of

the nitrogen in any organic substance is available as plant food.

The results, however, are comparative.

Peat is found in such immense quantities and is so widely

distributed throughout the country that it may n(tt be <>nt of

place to give it a careful study from an econQiuical standpoint.
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We should realize that it is not the nitrogen alone that gives peat

or any other organic manurial substance its superior value as a

fertilizer. We depend upon these substances to furnish valuable

organic matter and humus, without which it is impossible to

successfully grow a crop, even with the most concentrated

mineral fertilizers. We dej^end upon these substances further

to imj)rove the mechanical condition of soils, to make the heavy

compact clay soils more open and porous, and to make the light

sandy soils more retentive of moisture, and to furnish condi-

tions whereby the soluble plant food may be retained near the

surface of the ground, within easy reach of the rootlets of grow-

ing vegetation. We acknowledge the value of barnyard manure

as a fertilizer, and vet a glance at its chemical analvsis reveals

only a small amount of nitrogen, potash and phosphoric acid.

The average of 38 analyses of barnyard manure made at the

Massachusetts experiment station shows only .42 per cent, of

nitrogen, .53 per cent, of potash and .31 per cent of phosphoric

acid. The calculated commercial value of the plant food con-

tained in 1 ton of the a^'erage barnyard manure would be about

$2. The agriculturist recognizes the value of the organic mat-

ter furnishing humus, and expects and is willing to allow a

reasonable amount for the same. It is well known that peat

carries a relatively high percentage of humus, and this fact, in

no small degree, enhances the value of this material as a fer-

tilizer. Aside from the consideration of the humus in peat it

is of interest to study the value of peat as based upon its con-

tent of nitrogen and the availability of this most expensive

clement of plant food.

But little work has been done by the scientific agriculturist

to establish the relative value of peat as a fertilizer. A few

analyses have been made in various experiment stations, by the

alkaline and neutral permanganate methods, which show the

better grades of peat to have a nitrogen availability of 21.4 per

cent, as compared with blood and fish having a nitrogen availa-

bility of 65 per cent, or over, but this is only comparative.

These figures do not actually show the true amount of nitrogen

which is available ; this can only be accomplished by vegetation

experiments. The ]\rassachusetts experiment station has for

several years been carrying on such experiments by growing
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millet iu pots under conditions which can be absolutely con-

trolled in every detail. The exj^eriments in question were not

instituted for the sole purpose of studying the availability of

nitrogen in peat, but rather to make a detailed investigation

regarding the availability of nitrogen from every well-known

source, whether of a mineral or organic nature. The duplicate

investigations were conducted in galvanized iron pots holding

38.75 pounds of soil. Each pot was fertilized with an abun-

dance of potash and phosphoric acid, and the same amount of

nitrogen was applied in each instance (5.4 grams) a few days

before planting the millet ssed. Five millet plants were allowed

to grow and reach maturity in each pot. Care and watering

were so regulated as to maintain uniform conditions. The

results for the year 1908 show that sulfate of ammonia leads,

with a percentage increase over the nothing pots of 74.17 per

cent, of seed and 91.03 per cent, of straw. The peat ranks low,

giving an increase of only 5.44 per cent, seed and 10.53 per cent,

straw. These results are, of course, not conclusive, as they show

only one year's investigation.

It is claimed that garbage tankage of our large cities can be

economically made into a fertilizer, commonly known to manu-

facturers as base goods, by treating the tankage with sulphuric

acid, the resulting product showing a high degree of availability

of its nitrogen. The writer has successfully made a fertilizer

from wool waste, the resulting product of which showed nearly

100 per cent, of nitrogen availability. Some such process may
be applied to peat, and it is not improbable that the time will

come when the nitrogen in peat will be utilized as a source of

plant food by treatment with strong mineral acids as in the

manufacture of base goods. It is questionable, however, if it

would be at present on account of the large variety of other more

concentrated and easily accessible ammoniates, both animal and

vegetable that may be used in this process.

The use of commercial fertilizers is increasing enormously,

and in a comparatively few years every source of plant food will

be taxed to supply the demand for available ammoniates. As

our western States become obliged to use more and more fertil-

izer each year, attention must sooner or later be turned towards

our immense peat dej^osits.
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The present seems to be a period of investigation and dis-

covery. The niaunfactnre of cyananiid compounds from the

nitrogen in the atmosphere has furnished a most valuable eco-

nomical source of nitrogen. This fact may retard somewhat the

development of our jDeat industry from an agricultural stand-

point, although the fact that peat furnishes valuable humus

directly, while the mineral forms of plant food can only furnish

it indirectly by growing a green crop to be subsequently

ploughed under, will always be an incentive to its use in the

natural or modified condition. The manufacturers of commer-

cial fertilizers have recognized the value of peat as a drier, an

absorbent and a source of humus in which many chemical

formulas are deficient, and some are already using peat as a

drier, and to improve the mechanical condition of fertilizer

mixtures. How far this can be done legally and still comply

with the fertilizer laws of our various States is an open question.

If the manufacturer does not count the nitrogen which the peat

carries in his guaranteed composition, but simply uses the

material to improve the physical condition of his goods, it would

not be undesirable, but the practice would offer a chance to the

unscrupulous manufacturer to load his fertilizer with low-grade

ammoniates.

There can be no question but what the nitrogen in dried peat

has a much lower availability than the nitrogen in the high-

grade animal and vegetable ammoniates, and for this reason its

use as a source of nitrogen in mixed fertilizers must be excluded

in order to comply with many State laws.

It is, of course, desirable to utilize peat as a fertilizer on as

large a commercial scale as is j^ossible, and the introduction of

some process whereby this material may be made available for

extensive use will be welcomed. In the mean time, however,

there is no reason why peat should not be utilized to improve

the chemical and physical condition of soils. It is a well-known

fact that dry peat is a most Avonderful absorbent. Experience

teaches us, however, that it is rather slowly decomposed. If

we can compost peat, therefore, with something that is teeming

with bacteria and is easily decomposed there is a gain in two

ways. For instance, if air-dried peat is composted with manure

from the horse stable, the manure aids in disintegrating the
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peat, while the peat retards the too rapid decomposition of the

manure, at the same time absorbing any plant food in form of

ammonia compounds or other soluble plant food elements that

may be made available. This is a very practical and economical

manner of utilizing peat, and it will be found that the resulting

compost will prove a very valuable manure. It may be neces-

sary to make a frequent application of lime to soils on which

such a mixture is constantly used, and it may be found neces-

sary, in some cases, to use lime in making the compost.

The application of air-dried peat to light sandy or gravelly

soils often results in their material improvement. Such appli-

cations can best be made by a manure spreader, and the peat

may be applied to a depth of 2 inches. Freshly slaked lime

should be used at the rate of 5 or 6 bushels to each cord of peat.

The whole should be thoroughly harrowed into the soil and sub-

sequently ploughed to a depth of from 4 to 5 inches. As an

absorbent and deodorizer in the stable, dry peat has few equals.

Many of our peat lands make our most productive soils when

properly drained and reclaimed, and especially is this true when

the crops selected are particularly adapted to that class of soils.

Natural peat soils are deficient in available mineral plant food

which has become washed out through successive years of leach-

ing. Such soils, therefore, need an abundant application of

potash, phosphoric acid and lime before they become productive.
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SPRAYING INJURIES.

BY G. E. STONE.

In recent years injury from spraying has become more com-

mon ; at least, it appears to be more noticeable than formerly.

This injury is more prevalent some seasons than others, and it

is known that certain crops can be treated at one time without

being injured and at other times precisely the same treatment

may be given with bad results.

The causes underlying injury from spraying are complex and

require attention from the best-equipi>ed investigator. Already

enough is known in some special cases concerning the nature of

the injury to explain its occurrence at one time and not another.

It is also well known that some plants are more susceptible to

injury from spraying or fumigation than others, a wide range

of susceptibility existing in plants.

Investigations have shown that meteorological conditions have

an important bearing on the problem, but the data which have

been collected are not sufficient, either in kind or quantity, for

practical use.

Spraying injury to fruit and foliage has been noticeable the

past season, especially on apple foliage. The fruit has also

been injured to quite an extent by Bordeaux mixture, which

causes the so-called " russeting " of the fruit.

Some cases have come to our notice during the past year of

burning of foliage by arsenate of lead, and our attention was

called in one case to the heavy loss of foliage on plum trees, due

to spraying with this poison. It is well known that when spray-

ing mixtures are not carefully prepared they are likely to cause

burning, and in some of the cases observed by us it is not un-

likely that the chemical nature of the arsenate of lead may have

been responsible for the burning. A number of firms are now

putting this on the market, and it is presumable that their
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products vary considerably as regards chemical composition. It

is imperative for manufacturers of spraying mixtures or other

remedial substances used on plants to demonstrate that their

products are thoroughly trustworthy before putting them on the

market. It is true that a spraying mixture can be used on one

crop safely and not on another. It is also known, as previously

mentioned, that meteorological conditions play an important

role in this connection. It is safer to spray when the sun shines

than during cloudy weather, for severe injury has often been

noticed from spraying with various fungicides and insecticides

in cloudy periods when no injury would have occurred had the

sun been shining.

It is therefore important in. spraying that attention should be

given to the weather conditions, since if the spray is allowed

to remain on the foliage in a moist condition for too long a time

burning is likely to result. On the other hand, if the sun is

bright and the spray mixture dries on the foliage very quickly,

no such injury is likely to occur.

Burning of maple tree foliage has also been noticed as result-

ing from spraying with arsenate of lead, at the rate of 13 pounds

to 100 gallons of water, and our attention has been called to a

nundier of cases of severe burning of beech trees sprayed with

this after standard formulas.
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CONTROL OF CERTAIN GREENHOUSE
DISEASES.

BY G. K. STONE,

One occasionally finds growers of greenhouse crops spraying

for mildews and other diseases, and even contributors to the

florists' journals sometimes recommend such treatment, perhaps

because they know of no other. One at least of the objections

to the practice of extensive spraying is that it is too likely to

be considered a universal remedy or panacea for all the diseases

plants are heir to. Any one attempting to control the diseases of

greenhouse crops by spraying is wasting his time, and has much
to learn concerning the fundamental principles of pathology.

The most skilled florists and market gardeners discovered the

true cause of disease many years ago, not from any particular

experiments, but from intelligent reasoning out of the problem.

No one can long grow crops under glass before realizing that

environment is a factor very largely under his control. He also

discovers that many, if not all, of the blights with which he has

to contend are caused by conditions of environment, and that if

these conditions are modified properly the blights are checked.

Considerable skill is required to manage the greenhouse in such

a way that blights may be controlled, but it has been accom-

plished very successfully in many cases. In others, they are

controlled to such an extent that only a minimum amount of

damage occurs.

The important factors to which the grower of greenhouse

crops must pay attention are heat, light, moisture, circulation

of the air, and the chemical and mechanical conditions of the

soil, and a knowledge of their effects upon plant development

enables him to grow healthy plants. The influence of moisture

in the air is alone an important, perhaps the most important,

factor in controlling disease, and is very plain in the case of out-
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door diseases also. In wet seasons certain diseases are common

which may be entirely absent in dry seasons. The presence of

dew, even in dry periods, may bring about infection by furnish-

ing favorable conditions for spore germination. If the moisture

conditions out of doors could be controlled as easily as they are

inside, a very large percentage of so-called blights could be

eliminated.

CuCTJMBERS AND MeLOjSTS.

Experiments made with melons and cucumbers, covering a

period of many years, have demonstrated that by proper regula-

tion of the moisture in well-ventilated houses Anthracnose

(CoUetotrichum) , downy mildew (Plasm opara), AUernaria and

powdery mildew (Erysiphe) can be held absolutely in check.

At the time some of our exj)eriments were being carried on,

melons which were growing out of doors, within a few feet of

our greenhouse, were infected with all of the above diseases

except powdery mildew, but not a trace of infection could be

found from any of these diseases inside. During the many
years we have grown cucumbers and melons under glass we have

never had any infection from the above diseases excej)t the pow-

dery mildew, which was introduced into our house at one time

and encouraged to spread for a special purpose. All of these

diseases are more or less common each year in cucumber houses,

and cause much injury.

Downy mildew affects cucumbers during July and August,

and Anthracnose in the spring. Most greenhouses growing cu-

cumbers are kept too moist and are often poorly ventilated.

There is no reason whatsoever why these crops cannot be grown

without infection from the above-mentioned diseases. Experi-

ence has shown us that in order to control blights it is necessary

that the air moisture should be held down, and if syringing of

the foliage becomes necessary, it should be done only on bright,

sunshiny mornings, when the foliage will dry off quickly, thus

preventing the spores from germinating and affecting the crop.

Tomatoes.

There are a large number of troubles associated with tomatoes

under glass which arise from improper handling of the crop.
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The tomato leaf blight, caused by Cladosporium, often termed

scab, can be perfectly controlled by paying attention to the air

moisture and to details of syringing the foliage. The same

attention to syringing, ventilation, etc., should be paid in the

case of tomatoes as with melons and cucumbers.

When tomato plants are crowded, and there is an insufficient

amount of light and circulation of the air, the lower leaves are

frequently attacked by a leaf blight, known as Cylindrosporium,

but this will give no trouble if the conditions are kept normal.

This leaf blight occasionally occurs in commercial houses,

although we have never had a trace of it in our many years'

experience in growing tomatoes under glass, both summer and

winter. It is more common in winter, when the light is poor,

than in the spring and summer.

The blossom end rot of tomatoes is often a very troublesome

disease and furnishes a good illustration of a trouble brought

about by neglect of certain details necessary for the normal de-

velopment of the crop. This disease is caused by bacteria, one

or more fungous growths (Fusarium, Cladosporium, etc.)

occasionally accompanying the bacteria. Lack of water in the

soil when the fruit is maturing, especially if the atmosphere

of the house is more or less dry, will cause the rot, and a liberal

supply of moisture, preferably supplied by irrigation, will pre-

vent it. Moisture plays an important role here because a too

dry atmosphere causes the fruit to crack at the blossom end and

become imperfectly developed, and infection follows. This rot

is more common near steam pipes, where the air is drier, and

in the spring, when the sunlight is more intense and prolonged,

than during the late fall or winter. In the spring transpiration

is more active, hence the necessity for more soil moisture and

more attention to wetting down the house. Sunshine and trans-

piration are important factors in causing the rot, and our

experiments have shown that slight shading in the spring

months is of <^eat value in holding back the trouble. In our

experiments in the greenhouse we obtained over 30 per cent,

more blossom end rot on plants which were watered on the sur-

face than on those subirrigated, and a very material decrease in

the amount of rot occurred from the shading afforded l)v the

plants.
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Lettuce.

Many years ago lettuce growers were troubled with a disease

known as top-burn, and amatenr growers have it to contend with

at the present time. The disease is characterized by the margins

of the young leaves becoming wilted and dying from a collapsing

of the tissue. The older and more skilled lettuce growers early

learned that the trouble was not associated with fungi, and it

could be easily controlled by the adjustment of the day and night

temperature to the conditions of the weather. It has been found

that if the night temperatures are kept too high, — 50° or more

in cloudy weather, — top-burn w^ill follow, if the following day

is clear and the day temperature reaches as high as 70° or 80°.

By carefully maintaining low night temperatures, 40° or 45°,

during cloudy periods, and holding the day temperature down,

top-burn can be prevented. On the other hand, in bright, sun-

shiny weather, higher day as well as night temperatures may

be maintained without running the risk of getting top-burn.

Lettuce as well as other indoor crops must be grown according

to the weather, and as no two seasons are alike it follows that

no two crops can be grown precisely alike. Every successful

greenhouse grower realizes this and handles his crop accord-

ingly.

CHRYSANTnEMUMS.

The chrysanthemum is affected with three diseases, Avhich can

be controlled if attention is given to proper methods of culture.

Leaf blight (Cylindrosporium), similar to that on the tomato,

occasionally affects more or less badly the lower leaves of chrys-

anthemum plants when grown to a single stem close together.

This leaf spot, like the one on tomatoes, is caused by too close

planting, which shuts out the light and prevents the circulation

of air. More open planting, or anything which would allow

more light or freer access of air, will prevent it.

The chrysanthemum rust, which once caused considerable

alarm, can be prevented by paying attention to watering. Some

greenhouse growers are often troubled with this rust, while

others have never had the least indication of it. Even if two

growers buy their stock from the same concern, and it is identi-
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cal as regards freedom from rust, one is likely to have it very

severely and tlie other not at all, which proves that the method

of handling the plant has everything to do with the occurrence

of the rust. When plants are grown outside, as they occasionally

are in summer, and are exposed to rains and dews, they are very

likely to become infected, but when grown inside, and especial

care given to watering the foliage, little rust is present.

Powdery mildew (ErysipJie), although occasionally seen on

chrvsanthemum foliage, has never been considered a serious

trouble, and is seldom, if ever, severe enough to require treat-

ment. Stem rot, occasionally caused by Fusarium, which is

more likely to affect the weak stems on closely planted crops, is

sometimes destructive, but the chrysanthemum is, as a rule,

quite immune to stem rots.

Caenations.

The principal troubles peculiar to the carnation are the stem

rots, termed the wet and dry rot, and the rust. There are other

troubles which are not serious, however, such as leaf spot

(Septo7'ia), jiurple joint, stigminose, etc., the latter being caused

by insects. The breeding and selection of new varieties of car-

nations has had a more important influence on the elimination

of carnation diseases than anything else. Carnation rust, which

a few years ago gave much uneasiness among the growers, is now

fairly well handled by expert carnation men. Careful attention

given to syringing the plants has been of great value in pre-

venting the rust, as has also subirrigation, or applying the water

below the surface.

The stem rots are more recent troubles and are more difficult

to handle. Wet rot, caused by a sterile fungus {Bhizodoiiia)

can be easily controlled by sterilizing the soil with steam, and

formalin is also good, being applied to the soil at the rate of 2

pints to 50 gallons of water. It can be applied with any sprink-

ling device. It is generally recommended that formalin be

applied at intervals of a few hours, until the whole amount has

been taken up by the soil, and frequent stirring of the soil is

necessary. Since formalin is extremely poisonous to plants it
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is necessary to get it all out of the soil before planting, and the

honse must remain idle some days. One gallon of the solution

of the strength given above to each square foot has been recom-

mended.

The dry rot, caused by Fusarium, is more difficult to handle,

and the methods employed for the control of the wet rot appear

to be of little use for this disease. Fusarium rots in general

have increased during the last decade. In the case of carnations

this is due possibly to the more extensive forcing common in

recent years. Too extensive forcing, too close planting and

shading have a tendency to weaken the stem, and undoubtedly

render it more susceptible to attacks from fungi. On the other

hand, low temperatures and exposure to the light harden the

plant tissue, rendering it less susceptible to disease. There are

authentic cases known where certain plants subject to stem rots,

when transplanted and raised out of the ground slightly, become

hardened and perfectly immune.

Damping-off Fuxgi.

There are two serious damping-off fungi which cause trouble

to the greenhouse grower by affecting seedlings and cuttings.

The damping fungus Boirytls is the most common, and affects

plants in a low state of vitality. The Botryiis propagates freely

by spores, and therefore does not yield to treatment by sterili-

zation. The most healthy plants will become affected with the

damping-off fungus if they remain in an abnormal condition for

brief periods, and if cuttings are kept too moist or too warm,

or lack sufficient light, they are likely to damp off. By paying-

close attention to cultural and sanitary conditions, damping-off

can almost always be prevented.

Another damping-off fungus, known as Pythium deBaryamim,

often gives considerable trouble to cucumber, tobacco and other

seedlings when the conditions are not normal for their best

development. Even sudden changes in the condition of the

plant will cause the trouble. For example, when plants are

taken from hotbeds where they have been forced too freely, and

placed out of doors in damp, cold weather, they will damp off,
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and too much heat will cause the same thina; in cucumber seed-

lings. Attacks of this fungus are confined almost entirely to the

seedlings, and when the plant grows out of the seedling stage it

generally becomes immune. Pytliium can be easily eliminated

from a soil by sterilizing with steam. ^ The formalin method of

treatment, previously described, is beneficial.

» Ohio Circular No. 57, Otiio Agricultural Experiment Station.
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SPRAYING EXPERIMENTS WITH CALCIUM
BENZOATE.

BY G. E. STONE.

Calciiini benzoate has been recommended by manufacturers

and dealers for a few years past as being a fungicide of some

value, and samples of this substance have frequently been sent

to us for trial by the manufacturers, with directions as to its

proper use. We have previously tested sodium benzoate, an

allied compound, on potatoes, and the results are reported else-

where. ^

It was desired that a test be made of this substance for the

control of plum rot (Afonilia), the claim having been made that

it would completely control the rot. If true, the calcium ben-

zoate would prove of inestimable value to the fruit grower, and

would find a ready market.

In testing the material we selected half a dozen plum trees,

leaving checks for comparison. The trees, which were laden

with fruit and had always been susceptible to the rot, were given

a very thorough spraying with the calcium benzoate, at the rate

of 2 pounds to 50 gallons of water. The spray covered the

foliage and fruit very thoroughly, and was applied at a favor-

able time to control any rot which might subsequently appear.

As the season was very dry, and no rains occurred during the

period of experiment, none of the substance was washed off.

Later in the season considerable rot was observed on both

the sprayed and unsprayed trees, and a thorough examination

showed absolutely no difference in the sprayed and unsprayed

fruit as regards infection. We regard the experiment, there-

fore, as being purely negative in its results.

> Annual Eeport Hatch Experiment Station, 1908, p. 128.
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]\[onilia rot of the plum and peach is a very difficult thing

to control by spraying, and none of the spraying solutions or

mixtures seems to have more than a partial effect. The best

methods of handling the rot, in the absence of any suitable

spraying mixture, particularly where it appears late in the sea-

son, on ripened fruit, consists in gathering the fruit just before

it is mature and not allowing any overripe fruit to remain on

the tree to become affected. AVhen the rot occurs early in the

season, as is sometimes the case, this method would be of little

use, and spraying, even if only partially effective, might be

resorted to tentatively.
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SEED PURITY WORK, 1909.

BY G. H. CHAPMAN.

The testing of seeds for purity was not taken up at this sta-

tion to any extent before 1908. In 1908 only about 12 samples

of seed were sent in to this department for examination as to

purity, but owing to other States having taken the matter up

in a very decided manner, and some of them passing seed laws

for the regulation of the sale of commercial seeds, the seedsmen

and farmers of Massachusetts began to take interest in the

matter.

The seeds found in the Massachusetts market are in general

of very good quality, when purchased from well-known, reliable

dealers, but since laws have been passed in other States suj^pres-

sing the sale of impure seeds in those States, it has become

customary with certain seedsmen to ship poor quality seeds out

of the State, and place them for sale in States which have no

such seed law. This has been brought to our attention more

forcibly this year than ever in the past, and the farmers of this

State are beginning to pay more attention to the matter, as is

evidenced by the increased number of samples sent in for purity

tests. In all, 100 samples have been examined this year, and it

has been deemed advisable to make a report of the work done at

this time.

Most of the seeds examined were offered for sale by reliable

dealers in this and other States, and such can be bought with

reasonable assurance, as these dealers are, in the main, careful

to offer only a good grade of seed, and usually advise the pur-

chase of their best grades. This is not because it brings them

in a larger profit, but because the best grade of seed is usually

purer than other grades of the same seed offered by them at a

lower price. It is to their advantage to offer a good article, as

well as to the farmer's advantage to buy a good article ; but, as
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•

ill any other business, if a man is not willing to pay the price

of a first-class article be can be accommodated with something

inferior.

One great mistake which the farmer makes is the buying of

seed from the small country stores, as it has been found in many

cases during the past year that these seeds were improperly

cleaned, or not cleaned at all. We therefore strongly advise

purchasing seed from a reliable dealer rather than buying them

haphazard anywhere.

The table gives briefly the results of the seed purity tests

carried on this year. This table is practically self-explanatory,

and gives briefly the different kinds of seed examined, with the

maximum, minimum and average percentage of purity, as well

as the kinds of weed seeds found and the number of samples

in which these were found. The most common impurities in

the different kinds of seed examined were plantain, ribgrass,

sheep sorrel and dock. Dodder might be mentioned as being

among the most noxious of seeds found in the clovers and

alfalfa, but it was present in only a small percentage of the

samples submitted for examination.

In this table no mention has been made of the chaff, bits of

stem and dirt which were found in the samples, as these were

usually present only in small amounts.

It is believed that it would be advisable for Massachusetts

to draw up a seed law governing the sale of commercial seeds,

but this should not be done without great deliberation and the

utmost care, as it appears to us that many of the laws drawn up

by other States are either harmful, or unjust to the seed dealer,

or to the purchaser of commercial seed. At the present time

nothing can be done about this, but it is hoped that in the near

future the seed dealers and farmers will take up the matter,

and that some law may be passed which will protect both the

farmer and the dealer. Justice should be done to both parties,

and we do not believe that it will bo a difficult matter to draw

up a law which will not only protect the buyer from purchasing

impure seeds offered for sale in this State which are grown out-

side of the State, and shipped in for sale, but would also protect

the Massachusetts seed dealer as well.

According to some of the laws in our neighboring States,
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Massachusetts might easily become the dumping ground for im-

jnire seeds which could not be sold by dealers in other States.

This is inimical to the Massachusetts seed dealer as well as to

the buyer, and it is evident that something must be done to safe-

guard the interests of the farmer and the seed grower and

dealer.

Shoiving Results of Seed Purity Tests, 1909.
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SJinirim; Bestdts of Seed Pur it// Tests, 1909 — Con.
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SEED GERMINATION AND SEPARATION.

BY G. E. STONE.

The routine work in seed germination and separation has

been carried on as in the past. Several methods were tried for

the separation of mixtures of seeds, especially of grass seed,

bnt work along these lines is not far enough advanced to warrant

a report.

The number of samples of seed sent in for germination far

exceeded those of the preceding year (see Table I.), 273 samples

of different seeds being received, 92 of which were onion.

Onion seed for 1909 seemed better than that of the preceding

year, and the average germination of all the seed samples seemed

to be a little higher than for 1908. The tobacco seed, especially,

gave a higher germination percentage than ever before. Large

seeds produce large plants, and if this characteristic is inherited

it might be supposed that selection and separation would ulti-

mately result in a better strain of seed and better crops.

Table
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The work in seed separation also increased during the season

of 1909 (see Table II.), the principal seeds separated being

onion, tobacco and celery. This season about 1,440 pounds of

onion seed were separated, against 720 in 1908, and 60 pounds

of tobacco seed, against 56 pounds during 1908. In all, about

1,500 pounds of seed have been separated for the growers during

the past year, and indications point to a still larger increase in

the amount of seed separated next season.

Table II.— Records of Seed Separation, 1909.

Kind of Seed.
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Table III. — Shotving Increase in Germination of Seeds by

Separation.

Kind op Seed.
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per cent., and the difference in the percentage of germination

between the heavy and discarded seed was 32 per cent., while

there was a gain of 68 j^er cent, in the germination of the heavy

over the light.

Table V. —
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SUN SCORCH OF THE PINE.

BY G. E. STONE,

Much interest, accompanied bv an nnnsnal anionnt of alarm,

has been felt since 1905 in the so-called " pine blight," and, as

is customary where more or less conspicuous injury to trees

occurs, exaggerated reports have been made concerning it. This

blighting of the pine is not new to Massachusetts as we have

noticed it for at least twentv-five years. About twelve vears

ago it was quite prevalent in the eastern part of the State, being

noticed by us and reported by others. Prof. B. M. Watson of

the Bussey Institute and others have recently called our atten-

tion to a similar burning which occurred apparently at the same

time.

Sun scorch of conifers in general is of common occurrence.

Pines growing in very dry situations are often sun scorched, and

frequently show yellow, inferior foliage ; the needles are some-

times burned, and it is not unusual for fungi to attack the dead

needles, but these fungi are never the primary cause of the

trouble. This condition of the pines may be found here and

there almost any season, but is more noticeable some seasons

than others.

The present pine blight dates back to the winter of 1902-03,

when the conditions were such as to cause much injury to vegeta-

tion in general. The following winter, that of 1903-04, was

even more severe in its effects on vegetation, and caused exten-

sive root killing of many trees and shrubs. The pine, as well

as other trees, in many cases was killed outright, but the injury

to the pine was largely confined to the smaller roots, or those

less than /46 of an inch in diameter. It was not, however, until

the very dry summer of 1905 that extensive burning was

noticed, and this was very general throughout the State. The

season of 1905 was the first to attract attention to this burning
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although in our annual report^ we had already mentioned the

condition of the pine roots, and stated that we anticipated

trouble if this condition continued.

The blight was characterized by a burning of the needles,

which was so severe in some cases as to cause the death of the

tree ; in others, burning was not so severe, affecting only parts

of the tree, and in a large number of cases the trees recovered

the following year (1900). In some cases the tips of the

needles only were burned, while in others the whole leaf was

involved. The branches bearing such leaves, and sometimes the

whole tree would die. The trees which recovered in 1906, of

which there were a large number, were not perfectly healthy

as regards color or leaf development, but they were free from

buruiug. Extensive burning occurred again during the summer

of 1907, appearing simultaneously all over the State the latter

part of July. It was much more noticeable than formerly, and

occurred at a very dry period, when high winds were common,

although the effects on the trees were not so disastrous. An ex-

amination of the root system in 1907 showed that about 90 per

cent, of the small feeding roots had collapsed, and the micorhiza

on the roots appeared to suffer the same fate as the roots them-

selves. The soil during part of the season was so dry that it

was like powder. Many of the trees improved during the fall

of 1907, and in 1908 they appeared much better.

The principal burning during 1908 occurred on the young

tips of the needles, before they had expanded, and was nnich less

severe than in the preceding year. Many trees which burned

previously appeared perfectly green in 1908, and an examina-

tion of the root system showed that new feeding roots were

forming.

In all the burning of the foliage we have never discovered

any indication of fungi on the needles at first, although after

the leaves had been dead a few weeks different fungi were found,

being purely secondary. In the summer of 1908 considerable

Scptoria occurred on the dead leaves, but there has been no

indication of infection at any time since the blight's appearance.

Hundreds of instances mav ])e noted where trees have remained

I Annual Keport, Hatch Experiment Station, 1905, p. 9.
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perfectly healthy whose branches interlaced with those of

blighted trees.

The number of pine trees affected with the so-called blight

or sun scorch in Massachusetts is probably less than 1 per cent.,

and the number which have died is so insignificant that it is

hardly worthy of mention. ]\Iost of the affected trees have

periods of burning and periods of recovery. When new leaves

form, the old, blighted leaves drop off ; consequently, when a new

crop of foliage appears the tree no longer shows the effects of

blight. Trees which have blighted once have almost invariably

been affected again ; in other words, blighting has been confined

each year to certain trees.

During the past five or six years the writer and his assistants

have examined a great many hundreds of pine roots from differ-

ent parts of the State, and have made many observations and

notes on the affected trees. Sun scorch of the pine has been

found to be associated with a very dry condition of the soil, aided

by severe winds. The side of the tree corresponding with the

direction of these winds is most severely affected, and many
instances may be found to prove this assertion. Moreover, that

part of a forest which is exposed to severe winds has shown

the greatest amount of blight. There has been more blight of

trees on the margins of forests than in the interior, and trees

growing in the open under exceptional conditions seldom if ever

blight. Small pines growing in the shade of older trees in the

forest have proved to be more or less susceptible, but they have

not been affected to such an extent by burning as by winter-

killing of the roots. Pines growing under such conditions are

not able to attain their best development in any season, and are

more likely to die from any cause that would tend to weaken

them than those growing in the open.

Por the past five or six years the white pine has been looking

badly. It has been unusually susceptible to attacks of insects

of one kind or another, the pine borer killing the leaders in

many cases, and a black, scurfy-like growth on the foliage,

known as Scorias, has been more common than usual. ]\Iany

trees which have shown no inclination to burn possess a poor

root system which causes a yellow and sickly appearance of the
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foliage. These trees are also noticeable for their short needles

and stunted growth.

Besides the typical burning of the pine, troubles of a cjiffer-

ent nature have occasionally been observed. In the season of

1906-OT there was considerable burning, caused by the fungus

Phoma. This fungus attacked the young stems and branches,

causing the death of the leaves. In this case the leaves die

but remain on the branch. There was also a burning of pine

foliage in the early spring months similar to that which occurs

on arbor vitas and various conifers, generally known as sun

scald. This has been more or less common the last year or two,

and is confined to certain branches. The effects of burning;

from contact with drifting snow have also been noticed from

time to time in certain localities, and serious burning has been

noted on the foliage of the pitch pine, which, according to Mr.

T. IT. Jones, a graduate student who specialized in entomology,

is due in part if not wholly to the work of insects.

Occasional djing of the Avhite and Scotch pines has been

observed, and the Norway and other spruces have been dying to

a greater extent than usual.

It should be pointed out that reports of the so-called pine

blight have been exaggerated even by those who should have

known better. Fortunately this exaggeration has had slight

effect on owners of woodland, and the planting of young pine is

still going on in this State, owing to the excellent work of State

Forester F. William Rane.

Of all the trees peculiarly adapted to this region, the white

pine stands at the head of the list, and it has been and is to-day

one of the most valuable assets of our soil. So well adapted is

this tree to our region, and so rapidly does it fill up old pastures

and woodlands, that if Massachusetts should become deserted

now, in one hundred and fifty years it would be densely covered

with a magnificent growth of white pine. In the primeval

forests of the State, pine and hemlock constitute the principal

trees, but the hemlock has disappeared to such an extent, owing

to the modification of soil conditions, that it would take several

centuries for it to regain its former pre-eminence. On the other

hand, the white pine is such a cosmopolitan tree in this region,

adapting itself to such a variety of conditions, that if left to
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itself to propagate it would form from 50 per cent, to 75 per

cent, of tlie entire tree growth in this State in a comparatively

short time.

As to the treatment of the pine blight, in some cases spraying

lias been resorted to, with supposed beneficial results, but if

such results followed spraying, it is very likely due, as Dr. G. P.

Clinton of the New Haven station has pointed out, to the clog-

ging of the stomata, \vhich prevents excessive transpiration at

a critical period. In the case of lawn pines, Mdiich are greatly

prized, we have reconnnended as treatment for the blight mulch-

ing the soil with horse manure Avell diluted with straw, and

applying to the tree fertilizers, such as wood ashes, ground bone,

pulverized sheej? manure, etc.
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INSECTS OF THE YEAR.

BY H. T. FERNALD.

During the year 1909 insects were abundant, but no serious

outbreak of any one species was noted. Average losses were the

rule, and in some cases there was less destruction than usual.

Eor several years the elm-leaf beetle (Galerucella luteola

Mull.) has been increasing in abundance and attracting more

attention. During 1909 its work was evident over quite a large

part of the State, and this has led to attempts to control it by

legislation. Under these circumstances an outline of its history

in the State may not be out of place.

Just when this insect reached Massachusetts is unknown, but

as it came from the south, and was found in Amherst in 1895,

it is probable that it entered the State by the Connecticut valley

a year or two earlier. At first it was not abundant enough to

attract much attention, but by 1899 it had begun to be noticeable

on the elms there, had also reached the eastern part of the State

aud was working northward. Two years later it had become

injuriously abundant in eastern Massachusetts, and in 1902 it

was becoming a pest in the northeastern part of the State, though

elsewhere its injuries seemed to be less, on the whole, than they

had been the year before.

The beetles appeared abundantly the spring of 1903 and laid

many eggs. About the first of May, however, a prolonged

drought began, lasting nearly eight weeks. During this period

many of the egg masses failed to hatch, and some, at least, ap-

peared to dry up, while in many cases where the eggs hatched

Ili(! liny grubs could be seen l)iling at the leaves hardened by

the drought, but failing to make any impression on tlieui. The

mortality of these insects under llie circumstances was enor-

mous, and the amount of injury comparatively small. The fol-
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lowing winter— that of 1003-04— was exceptionally cold, and

in llie spring of 190-4 almost no elm-leaf beetles conld be found.

How far the unusually cold winter was responsible for this

destruction it is impossible to say, but it seems certain that the

spring drought, causing the failure of eggs to hatch, and the

starvation of the newly hatched young, were important factors

in the destruction of this pest.

]\rany towns and cities sprayed their trees for the elm-leaf

beetle in 1903, and it seems to have been too generally supposed

that this was the reason so few of these insects were found the

following year.

Since 1904 the elm-leaf beetle has been gradually increasing

in abundance again, and in 1908 it had become so plenty as to

cause considerable injury. In 1909 this was also the case, and

a repetition of this may be expected each year hereafter, until

some combination of natural or climatic conditions unfavorable

to the insect shall appear.

The question of controlling the elm-leaf beetle is important

under these circumstances, and two lines of action seem possible.

Cities and towns may spray their trees if they see fit to do so,

holding the insect in check in this way. There are many parts

of the State, particularly on the west and north, as far east as

Ashby, perhaps, where it is not jirobable that this insect will

ever do serious injury, unless it acquires greater resistance to

cold than it now has. For this reason local treatment would

seem particularly desirable. The difficulty would be that trees

not on town streets, but on private grounds, and those in the

fields and woods w^ould not be reached in this way, and each

year these would restock the street trees. The other method

would be by State law requiring all elms to be sprayed. This

would be impracticable of enforcement, however, for there are

not enough people in the business to spray one one-hundredth of

the trees, and it is impossible to spray elms without power

sprayers, Avith any degree of success, during the period when

spraying must be done. If the State should take up the work,

it would mean the expenditure of about half a million of dollars

annually, for the entire State, except the western and north-

western portions, would need to be treated during a period of

five weeks for it to be of any value, and this would require at
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least fifty gangs of men and joower pnmps. Then, too, it must

be remembered that the boundaries of Massachusetts are not

impassible to these insects, and the work would have to be done

every year. In other words, State treatment would mean an

annual tax of about half a million dollars for this purpose, or

else work of no lasting value and a waste of money.

The oyster-shell scale (Lepidosaphes ulmi L.) and several

others of our common scale insects have been the cause of some

correspondence, but nothing new has developed about them.

The San Jose scale {Aspidiotus perniciosus Coins.) is becoming

more abundant in orchards and on ornamental shrubs and trees,

and in some cases may be found in wooded areas. The desire

for legislation has included this pest also, but there is little

chance of any law being passed which will accomplish much

against it. In the end, those persons who will treat their trees

will save them, while those who do not will lose them, and the

burden will fall where it should, upon those who neglect their

liro])crty.

The past spring was unusually favorable for the rapid in-

crease of plant lice, and many kinds of them were extremely

abundant. On the other hand, the cranberry fruit worm was

very markedly less abundant than usual, losses by the attacks

of this insect being much smaller than for several years.

The leopard moth (Zeuzcra pyrina L.) has increased in the

region around Boston and is another menace to our shade trees.

The gypsy moth (Porthetria dispar L.) has also increased, and,

in spite of a disease which attacked the caterpillars in many

places, killing large numbers of them, there is no question that

the general condition of eastern Massachusetts as regards this

insect is worse than ever before.

The brown-tail moth {Euprodis chnjsorrlioea L.) is spreading

in the State, and nests have now been found as far west as

Brookficld and Bclehertown. It is only a question of a few

years when the w^hole northeastern United States will be in-

fested by this insect, in spite of all the laws and repressive meas-

ures which have been adopted against it.

The twelve-spotted asparagus beetle (Crioceris 12-punclata

L.) has now been taken in Massachusetts. It was found fairly

abundant at Concord and at Iloslindale last summer, but has
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not yet been reported in the Connecticut valley. Tliis pest

passes its early stages iu the asparagus berry.

On the 2d of June, IDOD, a Clialcid parasite was captured at

Amherst, laying its eggs in the eggs of the common asparagus

beetle (Crioceris asparagi L.). The parasite was quite abun-

dant, and was later discovered at Concord. It proved to be a

new species, and was described by Mr. J. C. Crawford of the

United States National Museum as Tetrastichus asparagi. This

insect has two and probably three broods a year, corresponding

to those of the asparagus beetle, and, to judge from its work

last summer, it promises to be quite effective in controlling its

host.
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Medicinal ingredients in condimental stock and poultry foods, character of

Quantity of, ,

Medicine, do healthy animals need,

Milk, cost of, per quart.

Produced by station herd, food cost of.

Milk production per cow, estimated cost of,

Molasses beet pulp, composition and digestibility of,

For dairy stock,

Nitrogen in peat, availability of.

Orchard, ad^'ice on use of fertilizers

Sod or tillage for, .

Oyster-shell scale.

Peat, availabilit}^ of nitrogen in,

Chemical composition, average

Nitrogen in, .

Use of, in agriculture.

Utilization in agriculture,

Pine, burning of foliage of,

Sun scorch of,

White, value of,

San Jos6 scale, spread of.

Seed germination and separation,

Seed germination, effect and weight on, .

Seed law needed in Massachusetts,

Seed purity tests, table of results, .

Seed purity work, ....
Separation of seeds, records of results.

Sick animals, treatment of, .

Sod or tillage for an orchard,

Spraving experiments with calcium benzoate.

Spraying injviries, ....
Stock and poultry foods, condimental and medicinal

Sun scorch of the pine,

The cost of producing market milk,

Tomatoes, control of diseases of,

Trees in apple orchard, care of,

Troos in orcliard, condition and size of.

Utilization of peat in agriculture, ,
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