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TWENTY-SIXTH ANNUAL REPORT 

OF THE 

BOARD OF CONTROL OF THE NEW YORK AGRI- 

CULTURAL EXPERIMENT STATION. 

SLATE OF NEW YORK: 

DEPARTMENT OF AGRICULTURE, 

ALBANY, N. Y., January 15, 1908. 

To the Assembly of the State of New York: 

I have the honor to herewith submit the Twenty-sixth Annual 

Report of the Director and Board of Control of the New York 

Agricultural Experiment Station at Geneva, N. Y., in pursuance 

of the provisions of the Agricultural Law. 

I am, respectfully yours, 

CHARLES A. WIETING, 

Commissioner of Agriculture. 
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NEW YORK AGRICULTURAL EXPERIMENT STATION. 

_ Geneva, N. Y., January 1, 1908. 

Hon. CHarLes A. WIETING, Commissioner of Agriculture, Albany, 

‘i eiee A 

DeEaR Sir.—I have the honor to transmit herewith the report 

of the Director of the New York Agricultural Experiment Station 

for the year 1907, in accordance with the provisions of chapter 439, 

Laws of 1904. 

Yours respectfully, 

‘Lae LESSON? 

President, Board of Control. 
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‘Twenty-SixtH AnNnNuaL Report 

OF THE 

Board of Control of the New York Agricultural 
Experiment Station. 

TREASURERS REPORT. 

GENEVA, N. Y., October 1, 1907. 

To the Board of Control of the New York Agricultural Experiment 

Station: 

As Treasurer of the Board of Control, I respectfully submit the 

following report for the fiscal year ending September 30, 1907: 

MAINTENANCE FuND — NECESSARY EXPENSE. 

APPROPRIATION, 19060-1907. 

Receipts. 
1900. Dr. 

Oct: temOn balairce On Hand oor: iy tie peta $o 04 

Amount received from Comptroller.... 20,000 OO 

$20,000 04 

Expenditures. Cr 

By binldingyand repairs, 2.64005 ey $844 20 

By -CheiiicameOp Pes sae i.) A dhe ole 519 OI 

By ContingGmmmexpenses ov ccnce ey 3,850 00 

Py VRLCCCINO Stee we Gh ert eh 4 as 1,099 59 

By tiertilizers -seee Seale TO ete 134 29 

Byorreieht atdhemppegsoen ce iss at. 427 86 



REPORT OF THE TREASURER OF THE 

By furnituresand fixtures. 3.546 cones 

‘By heat, light and “watersecs see eee 

By “brary 2 ee ee ee ee ee 

By “livég stock ss). spies oe eee 

By postage and stationery........... 

By" publications.7..¥-4.ce es ee ee 

By scientific apparatus... oe Ce 

By seeds, plants and sundry supplies. . 

By tools, implements and machinery... 

By ‘travelind) expenses Siti bh Poe 

Balance,;; October °.1)71007a— eee 
4 

$870 51 
622/35 

822 09 

516 00 

1,783; 36: 
2,051 29 

55 31 
2,335 08 

80 93 

2,501 03 

25 89 

$20,000 04 

GENERAL EXPENSE — Heat, LIGHT, WATER, APPARATUS, 

1906. 

Oct Le 

REPAIRS, ETc. 

Receipts, 1906-1907. 

Lo-amouni6nhand,.5..2 eee 

To amount received from Comptroller. 

Expenditures. 

By bitldings andsepaitaw. .. s:aeecetes 

By contingentsexpensest. 3 eae 

By ‘feeding sstutts per. eee ee 

By {usniture and Axtures*er 2 ese 

By heats lightwandaw eter ras. sts 

By postage and=stationeryur. + .aiv nae 
By publications, ...'s.i,5 ween ee ee 

By seeds, plants and sundry supplies. . 

By tools, implements and machinery... 

Balance, October: 1y*1907- ae (tee 

Dr. 

$44 51 
4,000 OO 

$4,044 51 

or. 

$1,525 32 
19 50 

50 20 

283 80 

1,916 54 

ek 

130 96 

35 
80 93 

35 66 

$4,044 51 



1900. 
Oct. 

- 1900. 

ct: 

New York AcricutturRAL ExpreriMENT STATION. 3 

SPECIAL Funp— HorticuLTURAL INVESTIGATION. 

Receipts, 1906-1907. 
| Dr. 

iaeo amount: om hand a7 Cag o. sts $217.52 

To amount received from Comptroller. 8,000 00 

$8,217 52 

Expenditures. Ut: 

Er Onunoentnes Pan seseta way 8 tal. sos, « Bley 2. ae 

Pye Cio hited GexDEesse eter eas 2s 16 15 

POV OTATY, cian od an otc dmaitt teem Sonia 4Q 25 

by postese:and stationery s.4% ties: I go 

BMC ATION or cs Coy ise ae eS 540 50 

Dey eediaricss. eset nee se Lakai 5350 72 

By seeds, plants and sundry stupplies.. 356 54 

Be YAUOONS, ANNCMACHINEL Yi pilus Ls eo a pps er pete 

PP raveunc CRpAUGUGAM aT Sects 2 os 613':27 

aoe CJELODEL L. LOOP id hein tng oat: 51 

$8,217 52 

FERTILIZER INSPECTION. 

Receipts, 1906-1907. 
Dy. 

oo) VEG R SEV Ra Lolo oh «hed othe (3 pA pains 2 Ayana eg $2,916 19 

To amount received from Comptroller. 14,000 00 

$16,916 19 

Expenditures. Cx 

Seat, DUC ee NO STCOAIES 43... oa. aegis Ss $865 42 

Dey CONUNOERELEZPCLISES 1 vie cen aul velita pie 5.15 

VINEE Leek Cha veg tc.) ') Sag Mya, ot Eee as et Oe 3.25 

BY ireight, AQmBex press: nsy!s.dom oa igor bins 122 68 

ey uueat,..li ctv tens . cyaiickr. 540 33 

By postage and stationery............ : 16 61 
aes DicationS apm ate se 974 12 



1906. 

Oct. 

1906. 

Oct. 

ie 

ie 

Report OF THE TREASURER OF THE 

By salaries, ALEUTIAN eek ae $6,267 82 
By scientiic. apparatus ita. niks <2 ee (228 85 

By seeds, plants and sundry supplies.. 3 20 

By. traveling sexpenses fen if opin aentrigeee 633 AI 

Balancé,; -Octobéruts:A Goya ues ies 7,249 25 

$16,916 19 
ee 

CONCENTRATED FEEDING STUFFS INSPECTION. 

Receipts, 1906-1907. 
Dr. 

‘Lo balance-op: hand... 34.0 eacgeae ch Sg ae 

To amount received from Comptroller. 3,500 OO 

$4,607 90 

Expenditures. eee 

By chemical supplies ........ af Even Seg $282 23 

By contitigent expenses iii, #2 sees - 6 60 
By ireicht and ex press:43.. > esac ee 107 47 

By heat, hipht and watere..9..o emo , 45530 

By postageand? stationery ioe 1. ae 15 90 

By salaries hod ctu...» aac ec ye ee 2,745’ 09 

By seeds, plants and sundry supplies. . 6 35 

By tools, implements and machinery. . 50 

By _ traveling. espetisen to 0 ieee ea 789 32 

Balancté? Octobersl- 200 /.+..-70. 7 eee 609 14 

$4,607 90 

SALARIES. 

Receipts, 1g06-1907. 
Dr. 

To balance: on-hand>><;2<" \') 7 ae $835 70 

To amount received from Comptroller. 28,000 00 

$28,835 70 
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Expenditures. 

US ALEY ST SOSA of go si 7 oh Og aaa iB 

mratice, Gctober 1, 10077, vsir. 22. oo 

LABOR. 

Receipts, 1906-1907. 
1906. 

Oct. so Tal oe PH BE PCS ee aa 

To amount received from Comptroller. 

Expenditures. 

a See tee eth ys ncn vie CAS 

US aft SP Es 8) 9 wR 0 gee 

INSURANCE MONEY. 

1906. 

Oct. Me RAE ANCE «lt Oo nate eee) Pe). TOU bits. 

By balance on hand, October 1, 1907.. 

Unrrep STATES APPROPRIATION. 

Receipts, 1906-1907. 

To receipts from the Treasurer of the 

United States, as per appropriation 

for fiscal year ended June 30, 1907, 

as per act of Congress approved 

March 2, Ge mmee eos a Perera. sas 

Cr. 

$26,935 37 
I,Q00 33 

$28,835 70 

Die 

$2,000 99 

13,000 00 

$15,000 99 

C% 

$13,824 54 
1,176 45 

$15,000 99 

$1,500 00 



REPORT OF THE TREASURER OF THE 

Expenditures. } Cr 

By salaries titi. vis, Viv ass. aeepeces oe $1,500 00 

ADAMS’ FUND. 

APPROPRIATION, I9QO00—1907. 

Receipts. 

Ly, 

To receipts from the Treasurer of the 

United States, as per appropriation 

for fiscal year ended June 30, 1907, 

as per act of Congress approved 

Marchist6; 1006. Sooner nee $700 00 

Expenditures. Ce. 

By chemical ‘suppliest aioe eee $112 50 

By<salaries aoe 7 cil ta eee ae ae eee ene 587 05 

BY ‘pOstage. sana P ive teeta eee 45 

$700 00 

All expenditures are supported by vouchers approved by the 

Auditing Committee of the Board of Control and have been for- 

warded to the Comptroller of the State of New York. 

WILLIAM O’HANLON, 

Treasurer. 



DIRECTOR'S REPORT FOR 1907." 

To the Honorable Board of Control of the New York Agricultural 
Experiment-Station: 

GENTLEMEN.— [ have the honor to submit for your considera- 

tion the report of this institution for the year 1907. In this 

report I have endeavored to set forth the important facts re- 

lating to the existing status of the Station, its policy, its needs 

for maintenance and progress, and a review of the principal 

facts and conclusions published in the bulletins of the year. 

ADMINISTRATION. 

STAFF, 

Several appointments have been made_to the ‘staff during 

1907. © ; 
John G. Grossenbacher, Pp. B., A. B., a graduate of the Uni- 

versity of Missouri and during the year 1906-7 a fellow in Har- 

vard University, was appointed as Assistant Botanist with es- 

pecial reference to plant pathology, to fill the position vacated 

in 1906 by Mr. H. J. Eustace. 
Maxwell J. Dorsey, B. S., a graduate of the Michigan Agricul- 

tural College and for the year 1906-7 an instructor in Horticul- 

ture at the University of Maine, was appointed Assistant Horti- 

culturist. 

The following gentlemen were elected to the position of As- 

sistant Chemist: 

Morgan P. Sweeney, A. M., and James T. Cusick, B. S., grad- 

uates of Colgate University, the former having pursued a year’s 

post-graduate work at the same institution in 1906-7; Otto 

McCreary, a graduate of the University of Michigan, and Percy 

W. Flint, a graduate of South Carolina College and at the 
time of his appointment an assistant chemist in the Pennsyl- 

vania State College Experiment Station. Mr. Flint has since 

resigned in order to take up further studies at the University of 

Illinois. 

*Reprint of Bulletin No. 295. 
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MAINTENANCE FUNDS. 

The maintenance funds appropriated by the Legislature of 

1907 for the use of the Station during the fiscal year 1907-8 

were the same amounts that were available during the year 

1906-7, as follows: | 

DALAT ICH -crtcke soos GN G bal. ERT Sache Sk ke Oe oe $28,000 

LADOET gl. oe eile Ys ei aneal ie as le bree esting 13,000 

Expenses of various departments of research...............0...6 20,000 

General expensé, heat, light, water, apparatus, repairs, etc........ 4,0CO 

Horticultural.imvestigations. % a: sas win nbs « ooo. s cere ak eee 8,000 

Fertilizer inspection” .4% cise spin cues nme eae coe ook 10,000 

Feeding stuffs “inspection. 24... crac eq carn csie tees vee ee 3,500 

In accordance with a recent action of your Board, the follow- 

ing are the sums that the coming Legislature is to be asked to 

appropriate for the maintenance of ‘the Station during the 

fiscal year 1908-9: 

RELA ETS. on betes sys esa Bg. ce ot ds ok obo aie swe ca oe eee $33,000 

PapOt hn eee dco ce aces 5 TO ee, ee 14,000 

Maintenance expenses of departments of research................. 20,000 

Roruitulturalinvestizations. 32. 4e sh~ nek nate ee eee ee 8,000 

General expense, heat, light, water, apparatus, repairs, etc......... 4,000 

Hertizer mspection,. 120, ona ee er ye ea te ee Ca ae 10,0CO 

Heé@dmo*'sttrft inspection: tos tenn ss, ste wed gel escape 3,500 

THE MAILING LIST. 

Early in the year the number of names listed to receive our 

bulletins and other publications aggregated approximately 44,900. 

A recent revision of the list for the purpose of removing from 

it the names of persons who had died or changed their place of 

residence, reduced the above number to about 43,200, a decrease 

of 1,700. It should be said that no additions are made to our 

mailing list except the names of those persons who express a 

desire to receive our publications. These are free to all the 

citizens of the State who ask for them. It is assumed that a 

bulletin will be of little benefit to a person who makes no effort 

to secure it. 

The belief seems to be somewhat prevalent that the Station 

bulletins are issued monthly or at certain regular intervals 

during the year. Such is not the case. Bulletins are published 

only as fast as results are reached that are deemed of sufficient 

importance to print. The number ranges from twelve to twenty 
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per year. Often the statement comes to us by letter “ Why is 

my name removed from, your mailing list? I have received no 

bulletins for three months.” No name is ever discontinued 

except by request or because of some other necessary: cause, 

such as death or change of residence. 
The following is a summary of the list as it now stands: 

PoPpULAR BULLETINS. 

pms Dhar Vict le. beet ult des ccs bees ds va Pion be Jo pets 34,800 

Residents of other states............. SPER Ea Seer RY PBR Oe aed eR 2,540 

ER Pein I a te her Gee on hs Weick a abel de ee Oe 776 

mumememenrestarions and their staffs. ..o0 000) oso a ge eee ca ee es 1,305 

POM Fog es Mr A, oe Seen rie Sieh o see Se be eC Bd Mea FS II5 

ES lle, SA aS Pee al PL Se ana en nae 30,530 

COMPLETE BULLETINS. 

Experiment stations cand: their staflSuse.0<iva.s.scecdcssakedecsss 1,305 

IC LUIS EU ep tn gal, is ye eces a a ool g viv vies Gnas ew Sue eieo ue 184 

se eS PS Pe tae ee ey cee acd nee een 270 

gy RS SF BARES Sy cies Sae0 0° GR i, a A a 3,338 
INS ea iether Bed he nel § |. Li tact eet ints Sle sa koh ia ole cae II5 

NE Rr Me I eee a ds oi Gn at aM Gn wh ee 5,212 

THE TWENTY-FIFTH ANNIVERSARY OF THE STATION’S 
ESTABLISH MENT. 

On August 29th, 1907, exercises were very successfully held 

on the Station grounds celebrating the twenty-fifth anniversary 

of the Station’s establishment. The institution was honored 

by the presence of the Chief Executite of the State, Governor 

Charles Evans Hughes, and other distinguished guests. 

Addresses were made by Hon. A. P. Rose, Mayor of Geneva, 

Governor Hughes, Congressman Sereno E. Payne, Senator John 

Raines, President William Oxley Thompson of the Ohio State: 

University, Hon. George L. Flanders of the State Department 

of Agriculture, Dr. L. H. Bailey, Director of the New York 

State College of Agriculture, Hon. F. N. Godfrey, Master cf 

the New York State Grange, and Hon. J. A. Woodward, a mem- 

ber of the first Board of Control of the Station. Approximately 

3,500 persons gathered to listen to the addresses. The day 

was fine and the spirit of the occasion was all that could be de- 

sired. The pleasures of the day were enhanced by the presence 
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of some of the early members of the Station staff who have 

attained distinction, notably Dr. S. M. Babcock of the Univer- 

sity of Wisconsin, Dr. J. A. Arthur of Purdue University, and 

- Prof. H. H. Wing of Cornell University. The officers and 

friends of the Station are under great obligations to the Mayor 

and citizens of Geneva and especially to Capt. Stacey and the 

military company under his command, for their kind co-opera-* 

tion in making the celebration a success. Especial thanks shouid 

be tendered to the Governor of the State and to the other 

speakers, who gave inspiring and helpful addresses. 

ADDITIONS TO THE BUILDING EQUIPMENT. 

Dwelling houses— The Legislatures of 1906 and 1907 made 

appropriations for new dwelling houses, an electrical lighting 

plant and other minor construction at the Station. The appro- 

priation for 1906 was for two houses. When it.became proba- 

ble that additional houses would be provided for in 1907, it 

was decided to wait and carry on the construction under one 

contract. After the 1907 appropriation was secured, the State 

Architect kindly hastened the plans and bids were invited for 

the construction of the five houses, so that, if the bids had been 

satisfactory, their erection could have been begun late in Sep- 

tember. Unfortunately the bids greatly exceeded the funds 

available and as the plans agreed upon by your Board called 

for houses as inexpensive as in your judgment should be built, 

it was decided to suspend operations and present the situation 

to the Legislature of 1908. In order to erect the five structures 

as planned, $10,000 additional should be provided. It is not 
asked that elaborate or ornate dwellings shall be erected but it 

is deemed essential that they shall be substantially built and 

shall be of modern construction and equipment. Anything less 

than this would not be creditable to a State institution. — 

Lighting and motor plant.— Construction has not yet begun on 
the electrical equipment authorized by the Legislature of 1907, 

but it is hoped that specifications will be received from the State 

Architect so that the plant can be installed in the early spring. 

An auditorium.— My report to you for 1906 contained the fol- 
lowing statements: “So far in its history the Station has suf- 

fered the disadvantage quite unusual to institutions of this 

class, of not having on its grounds an auditorium where audi- 
ences of any considerable size can meet. Such assemblages 
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as have met with us have held their sessions either in the open 

air, Or as was the case on one occasion, under a large tent. This 

fact has placed limitations upon our relations to the public 

and in view of the enlarging responsibilities of the institution 

constitutes a disadvantage that is increasingly evident. There 

are several agricultural organizations in the State that would 

meet with us occasionally and probably some would be glad to 

make our grounds a permanent meeting place. The means are 

few by which we could more effectively bring the public into 

an intelligent touch with our work. This is true not only of 

agriculture but of the educational efforts of the schools to which, 

I believe, this Station will in time come to sustain much closer 

relations.” . 

The Legislature of last winter was asked to appropriate suf- 

. ficient money to build an auditorium but the request was not 

granted. The reasons why, such a structure should find a place 

on the Station grounds still exist and it is gratifying to know 

that your Board is not to cease its endeavors to secure this 

addition to our building equipment. 

The function of the Station— The question of the work the 
Station should undertake to do is an ever recurring one. Theo- 

retically its primary office is to establish facts and principles 

that shall serve as a safe guide for conducting and develop- 

ing agricultural practice. The effort cannot stop with this, 

however. It is equally the duty of such an institution to sug- 

gest new applications of knowledge, verify conclusions in their 

relations to agricultural practice, and disseminate the results 

of its investigations. All this the Station does in some meas- 

ure. It must be confessed, however, that its efforts are not as 

closely confined to its real function as is essential to maximum 

efficiency. This is a time of the strenuous exploitation of agri- 

cultural knowledge and the agricultural public is demanding,—- 

an attitude that has been assiduously cultivated by the leaders 

of agriculture,— that those connected with agricultural institu- 

tions shall be almost constantly acting as popular teachers, 

a service that is undoubtedly productive of great good. ‘The 

experiences of the past year make it clear, however, that because 

of the continuous demands made on the members of the Station 

staff for speaking and exhibition work of an educational char- 

acter, the management of the Station will find it necessary to 

determine just how far the institution shall be allowed to de- 
>. 
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part from the real purpose for which it was organized. . It is 

very certain that the members of the staff cannot successfully 

carry on important investigations and experiments unless they 

can give to such work their uninterrupted attention through 

a large portion of the year, a fact that is not fully appreciated 

by those without experience in studying scientific problems. 

It cannot be truly said that popular teaching is more impor- 

tant than the discovery of facts and principles, for indeed there 

could be no teaching without knowledge and no well established 

knowledge without careful and severe inquiry. 

It needs but a glance at the progress of agriculture in the 

United States during the past twenty-five years to show that 

nothing has so powerfully promoted it as a few important dis- 

coveries. The experiment station workers who have established 

truths of general agricultural importance stand in the forefront 

of the benefactors of agriculture. So long, then, as so many 

important problems are not solved and the experiment station 

is the recognized research agency for each state, why should 

it assume the functions of the college or the school and become 

largely an agency for popular education? In this connection 

I take the liberty of referring to the remarks I made at the 

time of our twenty-fifth year celebration which are to be printed 

elsewhere. (Twenty-fifth Anniversary Report. Part III of the . 

Twenty-sixth Annual Report of this Station.) 

Requests for service of special kinds—— There come to the Station 

each year numerous requests for services of special kinds, such 

as the analysis of soil, drinking water, samples of feeds, ferti- 

lizers, seeds, milk, vinegar, mineral substances, stomachs of 

animals supposed to be poisoned, etc. Many persons evidently 

suppose that it is the rightful business of the Station to analyze 

anything that may be sent to it. These persons do not under- 

stand that to comply with these requests in an indiscriminate 

way would largely waste the funds of the Station and the time 

of its staff. The Station must necessarily hold itself pretty 

closely to activities that serve the interests of its constituents in 

a more or less general way. 

The following explanations are offered with the hope that 

they will clear up misunderstandings in several directions. 

Many requests come to us from manufactures of fertilizers — 

and feeds and dealers in the same, for analysis of the products 

they manufacture or sell. In many cases there is expressed a 
¢ 
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willingness to pay for the service. The answer to these re- 

quests is that the Station does no commercial work and under 

no conditions whatever can it assume the burden of the chemi- 

cal or other expert work of the trades. 

Frequently farmers mail samples of feeds or fertilizers, asking 

for an analysis. In most cases these are samples of brands 

that are inspected by the State and it is unwise to duplicate 

work, especially when samples sent by consumers are liable, 

because of inexperience in sampling, not to represent fairly the 

goods from which they are taken. Users of feeds and fertilizers 

should utilize the official reports as a guide to the character of 

these materials. It would be impossible to make special analyses 

for each farmer in the State, but what is granted in one case 

cannot rightfully be refused in another. 

It is often possible by the mere physical inspection of a sam- 

ple of feed for us to determine what are the materials out of 

which it is made. This sort of an examination consumes little 

time and it can often be made the basis of useful advice to a 

prospective buyer. Such examinations we are glad to make. 

It should be stated, however, that when an association of 

farmers makes a contract for the purchase of a large lot of 

feed or fertilizer on the basis of a guaranteed composition, the 

Station is always willing to make free analyses to determine 

whether the goods are according to the guarantee. This we 

have done in many cases. 

Many samples of water are sent to us that we may determine 

their sanitary quality. Examinations of this kind are not un- 

dertaken by the Station as they properly belong to the State 

Board of Health, which is located at Albany. | 

Inquiries are frequently received by us as to the purity of 

samples of seeds. Such inquiries can be answered with com- 

paratively little effort and our replies often serve to warn the 

farmers of a community against injurious adulterations, such 

as dodder and trefoil in alfalfa seed. 

Requests are not infrequently received at the Station to have 

some member of the staff visit a particular farm or orchard 
or other agricultural operation in order to give expert advice 

as to the business management that should be followed. Such 
requests are made in good faith and with the best of motives © 

and are a gratifying evidence of confidence in the Station, but 

they show something of a misconception of the kind of aid the 
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institution can render to farmers. The Station staff is not made 

up of expert farm managers but of scientific specialists who are 

studying problems that are important to agriculture. To illus- 

trate, the botanists study plant diseases and their remedies; the 

bacteriologists investigate soil and dairy conditions that involve 

the action of germ life; the entomologists inquire into the life 

history of injurious insects and the methods for preventing their 

ravages; the horticulturists deal with such questions as plant 

breeding, orchard culture, and varieties of fruit, and the chemists 

and other members of the staff take up questions relating to 

plant and animal nutrition, dairy methods, barn sanitation and 

poultry production. All this effort is largely in the direction of 

seeking new knowledge, which, when obtained, we endeavor to 
adjust to agricultural practice. We do not endeavor to adjust all 

knowledge, experience and business conditions to the manage- 

ment of a given farm, for this is the owner’s problem and for 

us to take it out of his hands, even if it were possible, would do 

him more harm than good. We can and do give advice freely 

on specific points connected with farm management when the 

questions involved are definitely brought before us. 

The Station publications as a source of information.— Modern 
agricultural literature may be divided in a general way into two 

classes, first, that which is placed on the market by publishing 

houses and is largely the literature of compilation with a view 

to a comprehensive discussion of the subject under consideration, 

and second, the literature issued in their official capacity by 

members of government departments and experiment stations. 

Without desiring to criticize policies that may prevail elsewhere, 

I wish to express the conviction that an experiment station en- 

dowed for the maintenance of research, cannot wisely act as a 

bureau of compilation to prepare and publish books on all sorts 

of agricultural subjects. It is often necessary, to be sure, to do 

more or less compiling in order to adjust existing information 

with results obtained at the Station. Such organization of knowl- 

edge on a given subject is legitimate to an investigating agency 

and even necessary. There is a broad difference, however, be- 

tween an exhaustive treatise on the growing of corn or potatoes 

or any other crop and a bulletin setting forth the results of an 

investigation on the stage of growth of corn that yields the most 

nutritive value, or on the influence of seed selection on the amount 

and character of the product. It is the belief of the writer that 
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when a station has set forth the results of its work in a clear 

manner and their relation to pre-existing knowledge accompanied 

by sufficient demonstration of the relation to practice, it has ful- 

filled its duty to the agricultural public. These explanations 

are made because my office is in almost constant receipt of 

requests for agricultural literature of the most general kind cover- 

ing all phases of farm methods and management. Such requests 

cannot be met. Our bulletins are free to all who ask for them 

and we take pleasure in answering specific inquiries up to the 

limit of our time and knowledge. 

The Grapes of New York.—In accordance with a previous an- 
nouncement, copy for a volume to be known as the Grapes of 

New York will be submitted as a part of our annual report for 

1907. It is hoped that the Legislature will provide for printing 

of this part of our report more than the usual number of copies. 

The Graduate School of Agriculture-—In my report for 1906 it 
was stated that the Graduate School of Agriculture had been 

invited to hold its 1908 session in New York under the joint 

auspices of the New York State College of Agriculture and this 

institution. That invitation was accepted by the Association of 

Agricultural Colleges and Experiment Stations and plans are 

now being perfected for holding the school during the month 

of July, 1908. A good share of the work done at this school 

relates to experiment station aims and methods, which justifies the 

support our stations give to such an effort. 

INVESTIGATION. 

The following paragraphs are not intended to summarize the 

activities of any of the Station departments during 1907. They 

present only the outlines and conclusions of experiments re- 

ported in the bulletins of the year. 

DEPARTMENT OF BACTERIOLOGY. 

Chloroform as an aid in the study of milk enzyms.—Among the 
factors which combine to produce the ripening of cheese there 

is none more difficult of study than the enzyms which are secreted 

with the milk. Any results in this field are open to question 

unless it can be shown that the activity of bacteria has been sup- 

pressed during the period of study. 
The adaptability of chloroform for this purpose has been Avdied 

It was found that fat and proteid each associate with chloroform 
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in such a way as to take it out of the general solution. When 

there was present an excess above the requirements of these two 

components of the milk the germicidal action of the chloroform 

was prompt and satisfactory. 

DEPARTMENT OF BOTANY. 

Potato spraying experiments.— During the season of 1906 the 
potato spraying experiments begun in 1902 were continued along 

practically the same lines as in previous years. In the ten-year 

experiment at Geneva five sprayings increased the yield 63 bushels 
per acre, while three sprayings increased it 31.75 bushels. In the 

duplicate of this experiment at Riverhead, Long Island, the gain 

due to five sprayings was 53.25 bushels per acre and to three 

sprayings 21.5 bushels. In fifteen farmers’ business experiments, 

including 225.6 acres, the average gain due to spraying was 42.6 

bushels per acre; the average total cost of spraying $5.18 per 

acre; and the average net profit, $13.89 per acre. Sixty-two 

volunteer experimenters, spraying 598 acres, reported gains aver- 

aging 44.5 bushels per acre. 

One-half the time during which this series of experiments is 
expected to run has now passed. Thus far the results are highly 

favorable to the practice of spraying. In the ten-year experi- 

ments at Geneva, the average gain for five years from spraying 

every two weeks has been 132 bushels to the acre, and from 

spraying three times during the season 103.3 bushels; at River- 

head the corresponding gains have been less, but still decided, 

being 66.3 bushels and 35.3 bushels respectively. 

In forty-eight business experiments made in four years the 

average gain due to spraying has been 52 bushels to the acre, the 

average total expense of spraying, $4.85 per acre, and the average 

net profit from spraying $20.51 per acre. In 153 volunteer experi- 

ments reported in three years the average gain from spraying 

was 58 bushels to, the acre. 

DEPARTMENT OF CHEMISTRY. 

Effect. of treating milk with carbon dioxide under pressure. In 
connection with some work done in making kumiss from cows’ 

milk, it was learned that carbon dioxide gas under pressure has 

the power of delaying the souring of milk. The suggestion thus 

obtained was utilized in studying the effect of treating milk with 

carbon dioxide under pressure, the milk being carbonated in 
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precisely the same way that soda water is made. Fresh skim milk 

and whole milk, pasteurized and unpasteurized, were treated with 

carbon dioxide gas under pressures of 70, 150 and 175 pounds 

per square inch and then kept at temperatures varying from 

35 to 70° F. Pasteurized milk, carbonated, kept for five months 

with little increase of acidity. Fresh, whole milk, carbonated, kept, 

under high pressure, about the same length of time. Milk carbon- 

ated under a pressure of seventy pounds comes from the bottle 

as a foamy mass; it has a slightly acid, pleasant flavor, due to the 

carbon dioxide, and tastes somewhat more saline than ordinary 

milk. It might easily become a popular beverage. Among the 

several possible useful applications which may be made of car- 

bonated milk, the following can be mentioned: On steamships, 

in hospitals and elsewhere as a food for invalids, in feeding 

children, in case of certain ailments and as a common beverage. 

Analyses of miscellaneous materials— During the past years of 
the Statiou’s activity, there have accumulated the results of a 

large number of analyses which have been made gratuitously for 

individual farmers. ‘These analyses include many interesting ma- 

terials and it has seemed desirable to publish such representative 

cases as would be of interest. The materials included are ashes, 

dried blood, nitrate of soda, meat meal and tankage, potash salts, 

muck soils, tertilizer constituents of miscellaneous materials, con- 

stituents of feeding stuffs, molasses refuse, commercial gruels, 

poultry foods, maple sugar, home-made cider vinegar and dried 

apples. 

Some of the first chemical changes in cheddar cheese and the 
activity of the water-extract of cheddar cheese—— Before we can 
control intelligently and completely the changes taking place in 

cheddar cheese, especially those changes which affect the most 

important commercial qualities of cheese, flavor and texture, we 

must learn in detail what chemical changes the material under- 

goes from the time rennet is added to milk until the cheese is 

ready for consumption. Some of these changes are known, but 
only in a very incomplete manner, Of special importance appear 

those changes occurring in the cheese-vat and cheese-press, be- 

cause the character of change at this time may affect the later 

changes. One change which has heretofore been completely over- 

. looked occurs within a dozen hours after the cheese is put in 

press. The insoluble proteid of fresh cheese curd (calcium 

paracasein) changes rapidly into a form soluble in a 5 per ct. 
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solution of common salt and then changes into another form in- 

soluble in such a solution, this latter change taking place rapidly 

at first and then slowly. Proteids in water-soluble form do not 

appear to any extent until after the second change above noted 

has taken place. The exact manner in which these changes are 

brought about and their direct bearing upon the practical problem 

of cheese-making have not yet been fully worked out. The 

changes appear to be connected with the formation of lactic acid 

during the cheese-making process and with its action upon the 

calcium phosphate compounds of the milk. Thus, the calcium 

and phosphoric acid compounds of cheese, insoluble in water at 

the start, becomes soluble until about 80 per ct. of the calcium 

and all of the phosphates become soluble in water. About 20 per 

ct. of all the calcium in the cheese is found in the salt-soluble 

portion. 

The acidity of the water-extract of normal cheddar cheese is 

largely due, not to the presence of free lactic acid but to acid 

calcium phosphate. The lactic acid formed during cheese-making 

acts upon the phosphates, forming acid calcium phosphate and 

calcium lactate. 

Chemical studies of camembert cheese-— This work was begun 

by A. W. Bosworth, assistant chemist, before he came to this 

Station. He has continued the work here. It is shown that bac- 

teria are responsible for the most important chemical changes 

which take place in this kind of cheese during its early history, such 

as the formation of lactic acid from milk-sugar, the combination 

of this acid with some of the insoluble calcium present in certain, 

compounds, forming calcium lactate and soluble phosphates, the 

conversion of calcium paracasein into a compound completely soluble 

in a 5 per ct. solution of common salt, the conversion of this: 

soluble into an insoluble compound. The acidity of camembert 

cheese is due mainly to proteids and to acid calcium phosphate. 

One of the characteristic differences in the making of cheddar cheese 
and camembert cheese seems to be the proper control of the pro- 

duction of the salt soluble compound and of the subsequent change 

in this compound. Molds are responsible for that part of the 

ripening in which the compact insoluble curd is changed in texture 

and becomes a soft, creamy mass almost entirely soluble in water, 

This is due to enzyms produced by the molds, | 
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DEPARTMENT OF ENTOMOLOGY. 

The willow borer as a nursery pest— The willow borer (Cryptor- 

hynchus lapathi L.) is an insect of growing importance to the 

-nursery interests of this State. Native willows along streams, 

swamps and canals are also frequently badly attacked, and in- 

juries are being sustained by certain species of willows planted for 

ornamental purposes. The species of plants observed to be con- 

spicuously injured are Populus monilifera, Salix lucida, S. caprea, S. 

cordata, S. sericea, S. alba and S. amygdaloides. 

. Investigations were commenced in 1905 to determine the habits 

of the insect and practical means of protecting nursery stock. The 

life history has now been completely studied. It was found that 

this species has one brood a year. Oviposition occurs in the corky 

‘portions of the wood, near a bud or branch, or in overgrowths 

caused by pruning, and takes place during August or September. 

The injury to the plants is caused by the larve which girdle the 

trees, and so weaken them that they often fall with the wind. 

It was noticed in observing the habits of the beetles that they: 

are external feeders, which suggested the possibility of employing 

arsenical poisons as a means of combating this pest in the nursery. 

To ascertain the effects of these insecticides upon the beetles, 

numerous experiments were made which showed conclusively that 

thorough spraying, with an arsenical poison, of poplar and willow 

plantations about July 15th will materially reduce the number of 

beetles and thereby lessen the number of eggs deposited in the 

trees. Experiments are now being conducted to determine the 

actual value of this treatment for field use. 
2 

DEPARTMENT OF HORTICULTURE. 

Bordeaux injury.— Under some conditions bordeaux mixture in- 

jures the fruit and foliage of fruit trees sprayed with it. A study 

of bordeaux injury of this fruit in the State at large showed: 
That in 1905, 70 per ct. of the orchards sprayed had been in- 

jured; that an excess of lime did not prevent the injury; that in 

some orchards spraying did more harm than good; that there had 

been similar losses in past years; that the use of power machinery 

increased tlte injury; that wet weather gave favoring conditions 

for injury; and that some varieties are more susceptible to injury 

than others. Experiments on the Station grounds proved that 

bordeaux mixture causes the trouble known as “spray injury.” 

In these experiments injury seems to follow the first shower of 

a 
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rain. The toxic substance passes, for most part, through stomata 

and the basal cells of plant hairs into the cellular tissue of fruit and 

leaves. Small black specks characterize the first stage of the in- 

jury. As the fruit grows, the epidermis is lacerated because the 

dead cells are unable to bear their share of the surface tension. It 

is these dead cells that give the russetted appearance. 

An experiment to show whether wet or dry weather gave favor- 

ing conditions for the injury proved that wet weather gives the 

favoring condition for the trouble. Bordeaux mixture containing an 

excess of lime, in these experiments, did not prevent nor lessen 

bordeaux injury. An experiment to show the effects of bordeaux 

mixtures made with varying qualities of copper sulphate and lime 

showed that the more copper sulphate the greater the injury; and 

that, in general, the stronger the solution, as to copper sulphate, 

the better the control of the scab fungus. From the experiments 

it was believed that what is known as the 3-3-50 solution can be 

used to check the fungus and yet: cause a minimum amount of 

‘injury. 

Practical suggestions for spraying without injury are: Use less 

copper sulphate; spray in moderation; use the bordeaux mixture in 

dry weather, as far as possible; use equal amounts of lime and 

copper sulphate. Some varieties of apples may be sprayed without 

much fear of injury. Others must be sprayed with great care. 

Many varieties are nearly immune to attacks of apple scab. These 

need only light applications of bordeaux mixture. 

Ringing herbaceous plants-— The cbjects of ringing plants are: 

To cause unproductive plants to set fruit; to increase the size of 

the fruit; and to hasten the maturity of the fruit. Experiments 

were made in the Station forcing houses in ringing the tomato and 

the chrysanthemum. In ringing these plants a wound was made 

through cortex and the bast and a band of bark of greater or less 

width removed. The plants were ringed during the period when the 

bark peels most readily from the wood. 

The theory upon which ringing is founded is: That.unassimi- 

lated food passes from the roots of the plant to the leaves through 

the outer layer of the woody cylinder. The assimilated food is 

distributed through the cortex of the inner bark. When plants are 

ringed the flow upward continues, but that downward is checked 

and the top of the plant is thus supplied with food at the expense 

of the parts below the ring. 

With the tomatoes ringed there were no ph ores to be noted 

in regard to either the color, the maturity or the flavor of the fruits 
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from the ringed plants. The average loss in weight per plant due 

to the ringing was about 14 per ct. The roots of ringed plants 

were less well developed, fewer in number and smaller in size. 

The foliage was more or less abnormal. 

With the chrysanthemum, ringing decreased the height of the 
plant, produced abnormal foliage and stems; the first ringing hin- 

dered the opening of the buds, but the second ringing, two weeks 

later, slightly hastened the maturity of the buds. The size of the 

blossoms of all varieties was greatly reduced; the earlier the ring- 

ing the greater the injury. 

These two plants were chosen because they seemed to be typical 

~of a great number of herbaceous plants. From the experiments 

conducted with them, it seems to be very doubtful if ringing can 

be made beneficial to herbaceous plants. The loss to the plant is 

great, and there seems to be little or no compensating gain. 

The etfect of wood ashes and acid phosphate on the yield and 
color of apples.—An experiment was begun in 1893 to ascertain the 

effects of potash, phosphoric acid and lime as found in wood ashes 

and acid phosphate on the yield and color of apples. This test con- 

_ tinued for twelve years, being completed in 1904. The seat of the ~ 

experiment is a 55-year old. orchard on the Station grounds, lo- 

cated on a medium heavy clay soil. Throughout the experiment 

the orchard was given clean cultivation until August Ist and was 

then seeded to a cover crop of oats, barley or clover. There were 

ninety-four trees in the test representing five varieties. The 

orchard was divided into eight plats, four treated and four un- 

treated. 

Wood ashes were applied to the treated plats at the rate of 100 

pounds per tree ; acid phosphate at the rate of 8% and lime at 32 

pounds per tree. Analyses showed that 169 pounds per acre of 

actual potash were applied each year; 129 pounds of phosphoric 

acid; and 1,536 pounds of lime. These amounts are excessive for 

all three of the fertilizers. . 

From da financial standpoint the results were negative. The es- 

timated increase in value of crop on the treated plants for a hypo- 

thetical five acres is $99 and the estimated value of the fertilizers 

for the above area is $74.50. This gives a difference of $24.50 

which does not pay for handling the fertilizers. 

Results as to color of fruit lack uniformity and were not de- 

cided enough in a sufficient number of the twelve seasons to enable 

the experimenters to state that the fertilizers applied improved the 
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color of the apples. The only practical application of the results 

obtained by this experiment is, that fruit growers should not apply 

manure in quantity until good evidence has been obtained that some 

of the food elements are needed and if any, as to which ones. 

INSPECTION. 

FEEDING STUFFS. 

The following is a summary of the results of the inspection of 

feeding stuffs as based upon the analyses of the samples sent to the 

Station by the Commissioner of Agriculture. The composition of 

the samples may be seen in Bulletin No. 201. 

NUMBERS AND KINDS OF BRANDS INSPECTED. 

It is interesting and suggestive to note the number of brands of 

each class of feeding stuffs that were found on the market. These 

are shown below, together with the number of samples analyzed of 

each class. 
Brands Sampled 
inspected analyzes 

No. No. 

wottonseads meals 34 <i. kta. neta ee 2 cones ee 13 18 

dN SOLU ALICAIS? ors «Laois Re ee Ee foe ee eS te ae 14 19 

Csiiiten Feeds, 27 .o.,5 a, ees s ban ot oe ie ee ee 13 16 

Gorn: brats, 2 ee ves AU. Joes 0 ee eee ee 6 6 

Driedidistillérs. orang} oo, Levee ee eee 17 24 

Mae SHTOUtS dtamess aniciy tee ee « abawatd ah aera Oe agate 30 34 

adriedt brewers. STAINS... s-sncienids un co oy D. mae eee 15 17 

BUONO Y SICOIS yesh ore chose, se WE serait as oss eee ar *23 

Compoundeds feeds22o25.0.5.: Re eee 8 ae Se ee 114 139 

Aminal *products | f0..4inie. eee sek Pee a, eee eee 35 30 ° 

Botltry ,foods* (compounded); 43.23 ede ee 30 33 

Beet. Sigar, wastes. 2a ccce es Ge eee eee 2 3 

Barley by-products tic a8 seit ea ne uly ee eee 4 4 

Oath by-products. -4o, see eet eee. 3: tee 3 3 
Miscellanéous feeds: <o2 7p. ce ot oe oe eal tenements ee II II 

328 388 

The above figures are suggestive as showing the present status 

of the feeding stuff market. About 31 per ct. of the brands in- 

spected are feeds carrying a relatively high proportion of protein 

and which, in most cases, bear names that are indicative of their 

character. The hominy feeds and animal products are also materials 

having a fairly definite composition and concerning the nutritive 

value of which an approximate estimate may be made. On the 
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other hand about 44: per ct. of the feeds examined is made up 

of brands compounded from a variety of materials that bear names 

in many cases savoring of quackery. These brands, in a majority of 

cases, are simply a means of selling at grain prices inferior by- 

products that could not be floated on the market unless disguised in 

some way. The extensive sale of such mixtures is not creditable 

either to the intelligence or the business judgment of the purchasing 

public. It is no exaggeration to state that at the present time the 

conditions of the feeding stuff market are bad and are inimical to 

the financial interests of the farmers and other consumers. 

COMPARISON OF THE ACTUAL WITH THE GUARANTEED COMPOSITION. 

~ While the inspection of feeding stuffs under the sanction of law 
indirectly serves certain ends such as acquainting farmers with the 

character of the goods in the market, its chief purpose is to secure 

conformity between the manufacturer’s claims and the goods he 

offers for sale. To this end the State Department of Agriculture 

selects samples in the open market and forwards them to the Ex- 

perimental Station for analysis. 

In the table which follows the results of flies analyses are sum- 

marized; but the comparison between the actual and guaranteed 

composition of the separate brands must be sought in the bulletin. 

NUMBER OF BRANDS AND SAMPLES FOUND TO BE MATERIALLY BELOW THE 

GUARANTEE. 
¥ BELOW GUARANTEE i. Tal SR OY pa ees, A SF 

No. of No. of Per 
brands samples cent, 

emmmmrenper ey earvert fe get Poh tk aware Wet kyo ol baadls site's 6 8 46 

SIO eS ie mole on gs meZgand v wp sis eco elses 3 4 21 

Te aia tes ad whe, We'dy bl vie o 4s ale « 6 7 46 

ae gl Ne a sw dole erin e qe wars cao 0 2 2 33 

Seren Ieeeiiicts tOraitis. 4.00 lek wes ek 12 1 70 

OEE SRS 8 0c Ss On ee 4 4 13 

SeEtCe Wes OTHINS «.. Al dca faces Mees Biigs 3 3 20 

ICUS TCCKS «5. oti. ho bud is bce ee bee ne 19 19 17 

ME OC Se Bcc) je wre 4 babs dw la weie ete x= 5 5 II 

Poumreuoods (compounded)... 0.0. .0. ee. I I a 

RM tRET ONG TEES ss ee ee tae ees I I 9 

LS SS SE See at ene 8 are a 62 £60 

It seems that sixty-two brands or about 19 per ct. of the 

- whole number of brands examined fell below the guaranteed com- 

position to a serious extent. 
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THE QUALITY OF THE COMPOUNDED FEEDS. 

It is unfortunate for the feeding stuff trade and especially for 

the consumer that inferior materials have come into such extensive 

use in compounding commercial feeds. The substances chiefly in 

evidence in this connection are oat hulls and ground corn cobs; al- 

though other materials like ground alfalfa are associated with grain 

products in order to sell at grain prices what is really a coarse 

fodder. 

The presence of low grade materials in a mixture may be dis- 

covered in many cases either by microscopical examination or by 

chemical analysis. For instance, several brands of feeds have been 

offered for sale that consist of mixed wheat offals adulterated with 

ground corn cobs. With these mixtures the microscope reveals the 

corn cob tissues and chemical analysis shows a protein content too 

low and a fibre content too high for pure mixed wheat offals. In 

the case of many other feeds their low percentage of protein and 

high percentage of fibre characterizes them as made up in part of 

inferior ingredients.. Any supposed grain mixture with only 8% 

per ct. of protein or less, with 12 per ct. of fibre or more, may 

safely be considered as made up in part of some low grade by- 

product. No mixture of straight farm grains would have so little 

protein or so much fibre. Indeed a grain feed with protein as low 

as 9 per ct. should be regarded with suspicion. 

A careful survey of the results of the inspection herewith re- 

ported shows that approximately eighty, or 70 per ct., of the 114 

brands of compounded feeds contain low-grade products. In many 

instances these mixtures bear names that to the ordinary mind are 

deceptive and to all intents and purposes are dishonest. 

It will be well for prospective buyers of feeds to study carefully 

the published analyses of compounded feeds and avoid the purchase 

at grain prices of any feed carrying 8% per ct. of protein or less 

or over 12 per ct. of fibre. A feed is especially to be avoided 

if the protein is low and the fibre high. 

In view of the character of a majority of the compounded feeds 

now offered in our markets and the ease with which, by ingenious 

methods of mixing, purchasers of feeds may be deceived as to the 

quality of what they are buying, wise consumers will avoid com- 

pounded feeds and mix their own rations from such standard feeds 

as the oil meals, distillers’ and brewers’ by-products, gluten meal 

and gluten feed, wheat-offals, hominy feed, farm grains and other - 

feeds having characteristic composition and quality. It is the 
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height of folly for buyers to allow manufacturers to palm off upon 

them at grain prices inferior materials like oat-hulls and corn cobs 

that are no more valuable than the roughest, poorest farm prod- 

ucts such as straw, corn stalks and the like. 

FERTILIZERS. 

The Station continues to analyze samples of fertilizers collected 

in the State under the direction of the Commissioner of Agricul- 

ture. These number several hundred annually. This work involves_ 

the preparation of evidence to be submitted in those cases prose- 

cuted by the State Department for the violation of the fertilizer 

law. -The amount of work required by these analyses and the 

various duties related thereto, is very large. 

PUBLICATIONS ISSUED DURING 1907. 

BULLETINS. 

No. 285. January. Report of analyses of samples of fertilizers collected 

by the Commissioner of Agriculture during 1906. Pages 61. 

No. 286. February. The poplar and willow borer. W. J. Schoene. 

Pages 22, plates 6. Popular edition. Pages 8, plate I. | 

No. 287. March. Bordeaux injury. U. P. Hedrick. Pages 85, colored 

plate 1, plates 7. Popular edition. Pages 16. 

No. 288. April. Ringing herbaceous plants. U. P. Hedrick, O. M. 

Taylor, and Richard Wellington. Pages 17, plates 4. Popular edition. 

Pages 4. 

No. 289. April. The effect of wood ashes and acid phosphate on the 

yield and color of apples. U. P. Hedrick. Pages 25, diagram 1. Popular 

edition. Pages 8. 

No. 290. June. “Potato spraying experiments in 1906. F. C. Stewart, 

H. J. Eustace, G. T. French, and F. A. Sirrine. Pages 85, plates 2. Popu- 

lar edition. Pages 12. 

No. 201. August. Inspection of feeding stuffs. Pages 47. 

No. 202. August. Effect of treating milk with carbon dioxide gas under 

pressure. L. L. Van Slyke and Alfred W. Bosworth. Pages 14, plates 3. 

Popular edition. Pages 4. 

No. 293. October. Analyses of miscellaneous materials. L. L. Van Slyke. 

Pages IT. 

No. 294. December. Report of analyses of samples of’ fertilizers collected 

by the Commissioner of Agriculture during 1907. Pages 81. 

No. 295. December. Director’s report for 1907. W. H. Jordan. Pages 

a2 : 

TECHNICAL BULLETINS. 

No. 4. April. I. Some of the first chemical changes in cheddar cheese. 

I]. The activity of the water extract of cheddar cheese. L. L. Van Slyke and 
- Alfred W. Bosworth. Pages 22. 
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No. 5. June. Chemical studies of camembert cheese. Alfred W. Bos- 

worth. Pages 17. 

No.6. December. Chloroform as an aid in the study of milk enzyms. 

H. A. Harding and L. L. Van Slyke. Pages 42. 

CIRCULAR. 

No. 8, new series. January 20. Dodder in alfalfa seed. F. C. Stewart 

and G. T. French. Pages 4, plates 2. 
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CHLOROFORM AS AN AID IN THE STUDY 

OF MEHEK ENZYMS.* 

H. A. HARDING any L. L. VAN SLYKE. 

SUMMARY. 

1. Solubility—At 20° C. (68° F.) skim-milk is saturated by 
6.55 per ct. of chloroform by volume. Normal milk containing 

5 per ct. of fat requires an additional 1.0 per ct. of chloroform to 

produce saturation. 

II. Germicidal action.— Skim-milk fate 2 patoctanOr 

protein requires 0.2 per ct. by volume of chloroform to destroy 

the vegetative bacteria gradually and 04 per ct. to destroy 

them within 24 hours. In normal milk containing 5 per ct. of 

‘fat, I.o per ct. of chloroform destroys the vegetative’ forms 

gradually, 1.5 per ct. destroys them within 24 hours, while 2.0 

per ct. accomplishes this result within 4 hours. The spores are 
not immediately destroyed even with excessive amounts of chloro- 

form. , | 

In chloroformed cheese the germicidal action is slightly vari- 

able and a uniform destruction of the vegtative forms was not 

obtained with less than Io per ct. by weight of chloroform. 

III. Action on milk enzyms.— In skim-milk, digestion pro- 

gressed at a uniform rate in the presence of chloroform varying 

from 0.2 to 0.7 per ct. by volume. With increasing percentages 

of chloroform there was a decrease in the rate of digestion, which 

in the presence of 2.5 per ct. of chlorofrom amounted to 12 per ct. 

of that occurring in the presence of 0.7 per ct. of chloroform. 

* Reprint of Technical Bulletin No. 6. 
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Increasing the percentage of chloroform from 2.5 to 30 per ct. 

did not retard the rate of digestion much more than did 2.5 

per.ct: 

IV. Action on milk proteids.— Chloroform above the amounts 

required to saturate the milk settles to the bottom carrying down 

a portion of the casein. This is observable as a white, opaque 

layer. 

INTRODUCTION. 
The announcement in 1897 by Babcock & Russell (1) that an 

enzym inherent in milk, later called by them galactase,? was 

a considerable factor in cheese-ripening pomptly attracted the 

attention of all students of this problem. The work of other 

investigators? has apparenly confirmed what Babcock & Russell 

early suggested, namely, that milk contains a mixture of enzyms. 

A record of our attempts to determine the action of chloroform 

when used in the study of these enzyms is given in this bulletin. 
In 1899 the problem of cheese-curing was assigned to the co- 

operative activities of the Dairy, the Chemical and the Bac- 

teriological departments. The results of their investigations 

have appeared in a series* of bulletins of which this is a 

continuation. ‘The action of chloroform was briefly discussed 

in Bulletin 203, which also included some observations on the 

action of ether. 

Early in their study of milk enzyms, Babcock & Russell(3) 
tested the action in milk of benzol, chloroform, toluol, xylol, 

analin, arsenious acid, oil of organum, thymol, sodium fluoride,. 

phenol, phenol and sodium chloride, oil of cloves, oil of cassia, 

oil of Ceylon cinnamon, turpentine and oil of mustard. They 

recommended only four of these substances — chloroform, ether, 

benzol, toluol — for the study of milk enzyms and of these they 

preferred chloroform. While we have used ether or formalde- 

*The numbers in parenthesis refer to the bibliography at the end of the 

bulletin, in which the names of authors are arranged alphabetically, with 

different articles by the same author numbered consecutively. 

? Babcock, S. M.; Russell, H. L., & Vivian, A. Properties of galactase, 

a digestive ferment of milk. Wis. Agr. Exp. Sta. Rept., 15: 77-86. 1808. 

> Vandevelde, A. J. J. Les enzymes du lait de vache. Revue genérale du 

Lait, 6: 361-370; 385-397; 414-422. 1907. Good bibliography. 

*N. Y. Agr. Exp. Station Bulletins 203, (1901); 214, 215, 219 (1902); 
231, 236, 237 (1903); 245 (1904); 261, 263 (1905); Technical Bulletins 3 

(1906) ; 4, 5 (1907). 
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hyde in-a few experiments as a check upon the action of chloro- 

form, practically all of our enzym study has been carried on 

with the aid of the latter agent. We chose chloroform for our 

work for the following reasons: 1. It is an active germicide. 2. 

It does not prevent a vigorous action of the enzyms. 3. It ap- 

parently has but little action upon the proteids of the milk. 

4. It is efficient in small quantities and does not markedly affect 

the dilution. 5. Its presence can be quantitatively determined. 

6. It is not inflammable. 7. It tends to submerge the fat and 

thereby assists in sampling. 

Before undertaking a discussion of the relation of enzyms to 

cheese-ripening it has seemed best to treat the action and 

utility of chloroform in such a study in a separate bulletin. 

Much of the data here given is closely associated in origin 

and significance with that in a bulletin to follow upon the rela- 

tion of milk enzyms to cheese-ripening. 

In the study of any enzym one of the first requisites is a 

substance which will repress those lower forms of life that 

so readily attack digesting solutions. An ideal agent for this 

work would be one which totally eliminates the organized fer- 

ments without, at the same time, exerting any influence upon 

either the enzym acting or the proteid acted upon. Unfortu- 

nately we know of no such substance for use in connection with 

milk. It is therefore of vital interest in our study of chloroform 

to note its germicidal action, its effect upon the enzym and its 

effect upon the proteids. 
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in BESMR OIA ¢ 

Although chloroform is commonly used in connection with 

enzym studies, discussions of its effects and limitations in such 

work are not numerous. The mere addition of a small quan- 

tity of an antiseptic to a digesting solution is often given as 

a sufficient proof of the elimination of organized ferments. 

The criticism of the work of Stoklasa by Mazé® indicates that 

more extended proof of the absence of germ action in such cases 

would be desirable. 

The germicidal effect of chloroform seems to have been first 

observed in 1850 by Robin (1). He reported that pieces of 

meat plunged into chloroform or exposed to its vapors did not 

decompose. The humidity of the air was thought by Robin to be 

the cause of decomposition. As the result of the work of Pasteur 

and others, Muntz (1) in 1875 had a clearer conception of the 

causes of fermentation. He made use of chloroform in distin- 

guishing between the organized and unorganized ferments and 

he observed that a prolonged exposure of germs to the action of 

chloroform caused their death. It is interesting to note that he 

added 5cc. of chloroform to 200cc. of mille and stated that the 

mixture did not curdle during four months. Two years later, with 

the aid of chloroform, Schloesing and Muntz (1) were able to 

establish the important fact that nitrate formation in the soil 

is due to the activity of germ life. 

Taking advantage of marked improvements in bacteriolgical 

technique, Salkowski (2) in 1888 contributed an important 

paper dealing with the applicability of chloroform to enzym 

study. He gave the results of a study of its germicidal effect 

on a number of bacterial species. His results may be summed 

up in the following statement: So far as his observations went 

during some years of work, chlorofori\ prevented all fermenta- 

°Mazé P. Sur lisolement de la zymase des vi zétaux et des tissus animaux. 

Ann. Inst. Pasteur, 18: 535-544. 1904. : 

—— ee 
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tive processes dependent upon the metabolism of living organ- 
isms, as the alcoholic fermentation, the fermentative splitting 

of hippuric acid, the lactic fermentation and bacterial proteid 

decomposition; while it did not destroy the activity of the un- 

organized soluble ferments (enzyms), as, for example, ptyalin, 

pepsin, trypsin, invertins, diastases, etc. Salkowski found that 
0.5 per ct. by volume of chloroform destroyed cholera and 
anthrax bacilli promptly. but that it “had little germicidal effect 

upon anthrax spores. He called attention to the necessity of 

ciosely confining the chloroform which would otherwise soon be 

lost by evaporation. 

At the same time the germicidal action of chloroform. was 

being extensively tested by Kirchner (1). His study was 

carried out with a view to an improved method of sterilizing 

blood-serum. He worked principally with blood-serum but in 

some case also used bouillon, milk and water. Part of his 

work was done with saturated solutions of chloroform but he 

commonly compared solutions containing 0.25, 0.50, 0.75 and 

I.o per ct. by volume of chloroform. As test objects he used 

pure cultures of Bacillus prodigiosus, B. anthracis, B. typhosus, 

B. subtilis, B. zoppfh, Sarcina aurantiaca, Staphylococcus pyo- 

genes aureus, Spirillum asiaticae cholerae, “ Wurtsel” bacillus and 

a bacillus and coccus obtained from decomposing blood-serum 

and also mixed cultures as they occur naturally in river water, 

decomposing blood, human and bovine feces and garden soil. 

The action of the chloroform:was determined by aerobic and 

anaerobic cultures and the results were often expressed quanti- 

tatively. His findings were in accord with those of Salkowski. 

Kirchner found that all classes of vegetative bacteria were 

destroyed by a 0.25 per ct. solution of chloroform in a short time 

varying from a few minutes with Spzrillwm asiaticae cholerae to a 

few days with Staphylococcus pyogenes aureus. However, even 

an excess of chloroform was not immediately fatal to spores. 

Kirchner believed that chloroform had no effect upon them until 

such time as they germinated, when they were immediately 

destroyed. He observed that when an excess of chloroform was 

present the germicidal action was more marked in bouillon than in 

blood-serum and attributed the difference to the higher percentage 

of chloroform actually in solution in the bouillon than in the blood- 

serum. He again emphasized the necessity for a well-stoppered 

container on account of the ease with which chloroform may 

2 
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escape by evaporation. Reference has already been made to the 

extensive work of Babcock and Russell. 

The work of Smith (1) emphasizes the necessity of a well-closed 

receptacle since he pointed out that in a cotton stoppered test- 

tube an abundance of liquid chloroform in the bottom of the 
tube would not inhibit the growth of bacteria in the upper layers 

of the supernatant liquid medium. In such cases evaporation 

of the chloroform at the upper surface of the media seemed to 

take place faster than the solution of the same at the lower surface. 

While the earlier work was principally concerned with finding 

substances which would prevent germ action, attention was later 

given to the effect of such substances upon the activity@¢of the 

enzyms. ‘The results of these physiological studies have varied 

widely, depending upon variations in the conditions attending 

the experimental work. Unfortunately, these variations were not 

always recorded, since the worker was naturally often unaware 

of the existence of important factors. Good examples of these 

differences are seen in the conflicting reports regarding the curd- 

ling of milk in the presence of chloroform and in the controversy 

which was waged regarding the coagulating action of chloroform 

upon albuminous substances. 

Green (1, 2) reported the sterilization of vaccine lymph within 

eight days by saturating it with chloroform vapor. He found 

this treatment effective against Bacillus proteus, B. prodigiosus, 

B. pyocyaneous, B. fluorescens, B. coli, B. typhosus, B. diphtheriae, 

B. mallet, B. pestis, B. tuberculosis and Spirillum cholerae. He 

stated that this method of applying the chloroform did not impair 

the activity of the vaccine, while the addition of liquid chloroform 

markedly reduced it. His conclusions have been tested by 

Carini (1) and by Nijland (1). Both found that vegetative bacterial 

forms were promptly destroyed by this treatment but that spores 

survived. Neither considered the treatment with chloroform su- 

perior to the former method of handling lymph with glycerin, 

since in some cases the activity of the vaccine was quickly de- 
stroyed and in general chloroform vaccine lost its virulence more 

auickly on standing than did vaccine treated with glycerin. 

Aare aa Hite: METHOD OF DETERMINING CHLORO- 
FORM. 

The method used in determining the amount of chloroform pres- 

ent in milk or cheese is as follows: 

a a a: 
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We place 5 grams of milk or cheese in a pressure bottle with 

about 1oocc. of alcohol and 5 grams of caustic potash. The 

bottle is then heated in an autoclave for half an hour at 230° F. 

(110° C.). The resulting chloride is determined by titration as for 

chlorine in sodium chloride. 

CURDLING OF MILK IN PRESENCE OF CHLOROFORM. 

In studying enzym action in milk, considerable interest attaches 

to the interval before curdling and also to the character of the 

curd. The appearance of sour, curdled milk is so familiar as to 

need no description.: This is the characteristic result of germ 

action, and, where an inefficient antiseptic is added, curdling will 

occur within a few days. Acid formation is practically an invari- 

able accompaniment of such change. 

When the antiseptic is efficient, the milk remains unchanged 

for two to three months, depending somewhat upon the temper- 

ature. The milk then changes to a soft jelly which is readily 

broken up on shaking. This soft coagulum differs so markedly 

from the ordinary curd due to germ action that it often escapes. 

observation. Miintz, who was studying the influence of chloro- 

form, in an effort to distinguish between organized and unorgan- 

ized ferments, held milk four months under the influence of 

chloroform and did not note that it curdled. Salkowski (2) did 

observe that after some time (rather regularly, three months) 

chloroformed milk changed to a soft jelly, which could be broken 

up by vigorous shaking. He also stated that Meissner had 

observed the same change in sterile milk and had ascribed it to 

a slow-acting rennet ferment. 

Again, when sterile milk stands undisturbed for a year or 

more, the solids gradually settle leaving a thin layer of serum 

at the top. This seems to be merely a mechanical separation,~ 

and on being shaken the milk resumes its usual appearance. 

SOLUBILITY OF CHLOROFORM. 
It seems fairly evident that, to be efficient as a germicide, chloro- 

form must be in solution. Salkowski (2) noted that, when a drop 

of the culture which was being tested remained on the side of the 

tube above the level of the liquid, the germs escaped the action 
of the chloroform. This was also shown in the experiments of 

Smith (1), where the presence of a body of chloroform at the 

bottom of the tube of culture medium did not prevent germ 

growth in the upper layers of the same tube. 
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In Thorp’s Dictionary of Applied Chemistry the solubility of 
chloroform is given as 1 volume in 200 volumes of water. Salkow- 
ski (2) gives it as 5cc. or 7.5 grams to the litre of water. Kirch- 

ner (1) found that a litre of blood-serum dissolved only 4cc. or 

6 grams. . 

METHODS OF EXPRESSING. SOLUBILITY, 

Since the specific gravity of milk is approximately 1 and that 

of chloroform is 1.48 there is a marked difference between per- 

centages expressed by weight and by volume. As a matter of 

convenience, mixtures of chloroform and milk are usually made 

upon a volumetric basis, and, in the literature of the subject, per- 

centages by volume are usually given. Accordingly, in the pres- 

ent publication all percentages given are to be taken as per- 

centages by volume unless the contrary is specifically stated. 

SOLUBILITY IN MILK. | 

In milk it is difficult to distinguish between solution and emul- 

sion when chloroform is added. When working with milk contain- 

ing 4 to 5 per ct. of fat, 25cc. or 2.5 per et. of chloroform 4s 
readily taken up by a litre; but when 5occ. is added, a portion 

settles to the bottom. Repeated shaking causes the chloroform 

to enter into intimate relation with the milk. In extended trials 

with both centrifugally-skimmed milk and with normal milk hav- 
ing a fat content of 4 to 5 per ct. chloroform was thus in- 

corporated with the milk in practically all percentages up to equal 

volumes of chloroform and milk. In a part of these tests the 

chloroform was added in portions of 2 to 5cc. in 200cc. of milk, 

while in other cases the additions were at the rate of 25 to 5o0cc. 

In these tests the chloroform did not separate from the milk even 

after standing some weeks. 

In the case of the larger percentages, it was very evident that 

something more than an ordinary solution was formed. The 

lower portion of the flasks was filled with a heavy, white, opaque 

layer, the thickness’ of which was proportionate to the amount of 

chloroform present. The tendency of chloroform to submerge 

fat is well known and this laver of fat tends to hide the other 

layer in normal milk unless the percentage of chloroferm is rela- 

tively high. The relation of the chloroform to the fat, as well as 

the nature of this white layer, will be discussed later. 

Taking advantage of the tendency of solutions to come to an 
equilibrium, duplicate bottles of milk were prepared containing ~ 
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various percentages of chloroform and, after ten days to two weeks, 

the chloroform actually in solution in the body of the milk was 

determined. The following table gives the results of two such 

sets of determinations, one with a milk containing 5 per ct. of 

fat, and the other with similar milk from which the fat had been 

removed. In each case the bottles were shaken sufficiently to mix 

the chloroform and the milk thoroughly, and were allowed to 

stand, at approximately 20° C. (68° F.), for some days preceding 

the chemical analysis in order to ensure a settling out of the 

chloroform not in solution. 

Tasie J.— So_upitity oF CHLOROFORM IN MILK.* 

Milk Mae Asef 
5 per ct. of fat. Skim-milk, 

CHLOROFORM ADDED. | 

Chloroform Chloroform 
in solution. in solution. 

Per ct. Per ct Per fy. 
Eh as of Rly Se Bgl A Sal Ree a aie Ae Or] See a eel eet ae 0.280 0.486 

Ba OUR IES GPL UCS Gi Ce Gana 8 cr gered nn a ee 0.582 0.589 
Um meri oe) Ske OL Se Le es Lol ibe 0.582 0.572 
Ee CMM ES eS See a uara Sis ia veg Gaels ovaeb sitive eal 0.566 0.550 
hol bea Soa RS Rg ht wae a RR A nepal Ad eee oe 0.476 0.557 

* Determined by Mr. Bosworth. 

With the exception of the bottles of milk containing 5 per ct. 

of fat, which received 1.0 per ct. of chloroform, the percentage 

of chloroform found in solution in the milk in these experiments 

is entirely independent of the amount added. The average of the 

solubility found in these 9 cases, representing 18 bottles, is 0.55 

per ct. by volume. 

In the two bottles of normal milk received I.0 per ct. of 

chloroform there was not sufficient chloroform to saturate both the 

fat and the milk. The percentage of chloroform given in the 

table is higher than the true percentage of chloroform in the milk- 

‘serum, since in these battles there was 1.4 per ct. of fat com- 

bined with chloroform present in the body of the milk. 

The close agreement between the solubility as here determined 

for milk (0.55 per ct.) and the figures already given for the 

solubility of chloroform in water, suggests that the chloroform 

dissolves in the water of the milk as it does im pure water, while 

the 3 per ct. of proteids present unites with about 0.05 per ct. of 

chloroform in addition. ' 
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When the chloroform present is sufficient to saturate the milk 

and the fat, the excess associates with some of the casein and 

goes to the bottom, forming there the white layer referred to above. 

While the formation of this layer can be observed within a few 

minutes in the presence of a marked excess of chloroform, the 

material of which it is composed does not all separate quickly 

from the milk and may enter as a disturbing factor in deter- 

minations of the solubility of chloroform in milk, as the follow- 

ing experience will show. At the time that the samples of milk 

containing 5 per ct. of fat were drawn for analysis one of the 

bottles containing I.o per ct. of chloroform was accidentally 

overturned, somewhat mixing its contents. This bottle was al- 

lowed to stand 20 hours, after which samples were drawn and 

analyzed. These samples showed the presence in the body of the 

milk of 0.79 per ct. of chloroform. After standing quietly for a 

week an examination of this same bottle showed that its real 

percentage of chlorcform in solution was like that of its duplicate, - 

0.28 per ct. 

That this variation in the two determinations was really due to 

this material in suspension is made fairly certain by the results 

obtained from an examination of 4 bottles of skim-milk which 

had been shaken 24 hours before examination. Duplicate bottles 

had received 5 and Io per ct. of chloroform 10 days before 

the examination and should have shown 0.55 per ct. of chloro- 

form in solution. The results of the examination made 24 hours 

after shaking varied from 0.90 to 0.94 per ct.. with an average 

of 0.924 per ct. 

SOLUBILITY OF MILK-FAT. 

The solvent power of chloroform upon fat is well known, but 

in the case of milk this expresses itself in such a way as to have 

a distinct influence upon the germicidal value of the chloroform. 

This is well illustrated by the results of an experiment in which 

ten well-stoppered bottles, each holding 150cc. of milk containing 

approximately 5 per ct. of fat, received successive additions of 

o.5cc. of chloroform. There was no visible effect from the addi- 

tion of 0.6 per ct. of chloroform, the fat rising to the top in a 

sharply defined layer; but, when the amount reached 1.0 per ct., 

and more particularly 1.3 per ct., there was sufficient fat diffused 

through the milk to give it a yellow tinge, and the thickness of 

the cream layer was noticeably reduced. With 1.7 per ‘ct. of 

chloroform the cream layer at the top of the milk disappears and 

the fat collects at the bottom of the bottles. In bottles of similar 
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milk containing 1.5 per ct. of chloroform there was a thin but 

evident cream laver at the top of the milk. Deducting from this 

value the 0.55 per ct. found necessary to saturate the milk, it 

is seen that approximately 1.0 per ct. of chloroform is required 

to saturate 5 per ct, of fat. 
In connection with, the experiment already quoted, where the 

solubility of the chloroform was determined in the presence of 

5 per ct. of fat, the distribution of the fat was determined 

after the bottles had stood for some time. In the case of I.0 per 

ct. of chloroform, while there was a well-marked cream layer at 

the top of the milk, analysis showed that 1.4 per ct. of fat was 

present in the body of the milk. In the: presence of 2 per ct. 

or more of chloroform, the fat was entirely removed from the 

body of the milk and collected at the bottom of the bottles. 

~ From this it will be seen that there is a strong tendency on the 

part of the fat and the chloroform to enter into a solution relation- 

ship which takes the chloroform out of contact with the body 

of the milk. The specific gravity of this solution evidently de- 

pends upon the relative amounts of fat and chloroform composing 

it. The effect of the formation of this solution upon the germicidal 

power of the chlorofornr will be treated under a subsequent 

heading. 

GERMICIDAL VALUE OF CHLOROFORM IN MILK AND 

IN CHEESE. 

As has been noted, Mtintz(1) observed that 2.5 per ct. by 

volume of chloroform prevented the curdling of milk during four 

months. Salkowski(2) also observed that milk thoroughly shaken 

with chloroform continued its original neutral or faintly alkaline 

reaction. He referred to similar observations by Meissner, but 

without reference to where they were recorded. Kirchner(1) held 

flasks of chloroformed milk for four months and quantitative 

cultures showed that bacterial growth was inhibited. Babcock 

and Russell(3) showed that the efficiency of antiseptics in milk had 

been generally overrated, and they also found that variations in 

its fat content influenced the germicidal value, especially of ether, 

benzol, oil of cloves, and oil of Ceylon cinnamon. 

EFFECT OF SOLIDS IN MILK OTHER THAN FAT. 

In order to determine more closely the influence of this fac- 

tor upon the action of chloroform, the following determinations 

‘ were made. : 
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Duplicate bottles containing 200cc. of sterile peptone bouillon 

and 0.1, 0.2 and 0.3 per ct. of chloroform, respectively, were 

inoculated with tcc. of a twenty-four hour bouillon culture of 

B. subtilis. The bottles were kept at 37° C. and shaken daily. At 

the end of one month no turbidity or sediment had been formed 

and there was no other evidence of growth. Cultures made from 

the bottle’ containing o.1 per ct. of chloroform showed 330 

germs per ce., which undoubtedly represented the spores present. 

A sterile cotton plug was inserted in place of the rubber cork and 

the bottle returned to the incubator. On the following day the 

bouillon was turbid and an examination showed the presence of 

immense numbers of B. subtilis. The remaining bottles were left 

for a month with their rubber stoppers in place and they remained 

without any evidence of growth. While o.1 per ct. of chloro- 

form was enough to prevent growth, the evaporation which 

occurred after the rubber stopper had been replaced by the cotton 

plug promptly reduced the concentration of the chloroform below 

the point where it was efficient. In this experiment the amount 

of solids was slight and the germicidal effect of the chloroform. 

was at its maximum. | 

The influence of added proteid is shown in the following test 

with skim-milk which contained 3 per ct. of proteids. 

Twenty litres of skimmed milk was mixed with 250cc. of slime 

from a centrifugal separator and there resulted a germ content 

of 672,500 per cc. Duplicate bottles of this mixture received 

O21, :0.3,.-0.5, 0.6,,0.8,; 1.0, 1.5, 2.0,.10:0 and 20. pen. ch ghecuuemae 

form. The bottles were: held at 32.5° C. (80° F.). The eftect of 

the chloroform upon the germ content is shown in Table I]. 

TABLE I].— GERMS PER CUBIC CENTIMETER IN CHLOROFORMED SKIM MILK.* 
| a EE a a a eT AEN AES GONE URE SEES RE LTE IE SRE AE EE SESE SE AE AES ORR ST Gi SANE Ts AN SRE SS a 

PERCENTAGE OF CHLOROFORM BY VOLUME, 

INTERVAL. 

0.1 0:3) 4.0.5 1-0 GL 0.8 184 Ofte 10. | 20. 

Initial 672, 500 ONS ty 
B hire teak A 241,000} 62,500'4,000/10, 500/1,000/1,000/ 10,000! 10 000/19 ,000 7,500 

227/000) 34,500/3,000|/38,000/2,000/1,200] 2/000] 3,000)...... “pe eels 

Slates atl xs 181,000,000! 100/1,000/ 100; 200/1,700| 140 30 
21/000,000| 1,000) ' 40 20! 100] '200/ 100} 100):.....1.. it 

eet Mae Ree 72,200 24) 21 31; 14| 13) 13 9 13| 12 
4,500 17| 268 26 9} 22 10 11 40} 22 

Sine n ees 40 39| 27 60}! 15}. 12 8 10 ee 
100 621 8 20/ 12} 68 7 3 ; 7 

G-md, dark k <4 20 30} . 37 89} 30) 25 75 32 19). PG8 
11 67| 20 331 36, 89 19 26 19 24 

x 
a 

’ 

*Determined hy Mr. Nicholson. 
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The results are given in pairs tepresenting the duplicate bot- 
tles. In this experiment 0.1 per ct. of chloroform did not hold 
the germs in check, although at first it destroyed a portion of 
them. These bottles curdled after two and four days respec- 
tively. Apparently, the chloroform entered into some combina- 
tion with the solids present, so that the growth was not pre- 
‘vented, as is shown by the high germ content at the end of a 
week. Before three months the number fell to as low a point as 
in the other bottles, probably on account of the accumulation of 
decomposition products. The germ content in the bottles con- 
taining 0.3 per ct. and more of chloroform fell promptly to a 
point that undoubtedly represented little, if anything, more than 
spores present. The bottles containing 0.3 per ct. or more of 

chloroform all curdled after about two months with a curd 
characteristic of enzym action. 

These results were tested by a second series of bottles. 

The milk used in this experiment was twice passed through 

the centrifugal separator and the fat reduced to 0.015 per ct. 

The milk contained 408,500 germs per cc. Chloroform was added 

to duplicate, well-stoppered bottles at the rate of 0.1, 0.2, 0.3, 0.5, 

0.7, 1.0, 1.5, 2.0, and 2.5 per ct. The bottles were kept at 21° C. 

(60° F.). The numerical results of cultures made at the end of 

one, three, and six months are given in the following table. 

Taste III].— Germs PER Cusic CENTIMETER IN CHLOROFORMED SKIM-MILK.* 

PERCENTAGE OF CHLOROFORM BY VOLUME, 

INTERVAL. 

0.1 Meza Oso ANG Oo IMO er lea On [dace c ON erarO 

UBC e rs eRe chs sft BAs Wiahe ea ss OUTPAedie waaes 485. 35. (c86) | SOCh Sa5ln4Ont a5 46 
e 44.; 35 | 50.| 15} 25 |} 48 | 44 42 

Kol prataith a) Mel B se a8 a ae a Too many SOP TOON) SOL 2> 4 LO 26 iad’ 20 
to count AS |e GONE OS We oie LO) feted 26 3 

(o: gaY aS. ek cw a LO Ae Oa a 189 ,000 ie US ed 20} LOS Deo: FTO 13 
SE SE ee 34 | 14 6 8 4} 12 th 

*Determinations made by Mr. Nicholson. 

This table shows that while 0.1 per ct. of chloroform was not 

sufficient to preserve this skim-milk, 0.2 per ct. reduced the germ 

content as successfully as a larger amount. It should be noted, 

however, that the first determination was made after an interval of 

- one month. 
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The bottles containing 0.1 per ct. of chloroform curdled after 

four and seven days respectively with a curd characteristic of 

acid action, while all the remaining bottles curdled after slightly 

less than two months with a soft curd, characteristic of enzym 

action. 

In considering the action of a germicide in connection with 

enzym studies, it is important to know the rate at which the 

germs present in the digesting solution are destroyed, as well as 

the final limits of the destruction, since it is conceivable that in 

the interval sufficient enzym may be elaborated to affect the 

results markedly. 

Accordingly, in December, 1906, an experiment was carried out 

in which duplicate bottles of milk, which had been twice passed 

through the centrifugal separator to remove the fat more com- 

pletely, received chloroform at the rate of 0.1, 0.2, 0.3, 0.4, and 0.5 

per ct. respectively. The results of subsequent examinations are 

given in Table IV. 

TABLE IV.— GERMS PER CUBIC CENTIMETER IN CHLOROFORMED SKIM-MILK.* 
| SS ERE TRE RSS A ES Se a SE SANE TS AEE EEE EE ST SME RIC LL DS ESS EEN STORE eS SURES cee SESE SET 

- PERCENTAGE OF CHLOROFORM BY VOLUME, — 

INTERVAL. ee OS 

0.1 OP Se) is O88 0.4 0.5 

Injitial content 166 ,000 
OGhOULS ae ei rdi enc ie AR SO. 210 ,000 177 ,000 60 ,000 10,200 5,300 

290 ,000 205 ,000 81,000 18 , 200 4,000 
PARC UTS A aos es Voce elchen a, cue aeae Too many 85,200 11,400 280 45 

to count 54,000 18,500 520 220 
RSUCECLN Say chetene) 21. Aur Se ene Pe Ne 250 ,090 21,500 4,800 20k 120 

324,000 27,000 8,100 95 500 

PUGS ee OLA SEEN ees A 6,900 2,300 24 23 
Fe Oe ee 16,700 2,700 18 |} cyl teeeee 

| rae DST SERS SEL SEE EE SF I ES TS ESO SE NAB Eo 

* Determinations made by Mr. Prucha. 

From these results it will be seen that all amounts above o.1 

per ct. produced a steady decline in the germ content of the 

milk. In the case of 0.4 and 0.5 per ct., this decline was so 

sharp that within twenty-four hours the numbers present could 

hardly represent more than the spore content of the milk. Ia 

the case of 0.2 and 0.3 per ct., the decline, while evident, was 

so gradual that at the end of eleven days vegetative forms were 

still present in comparatively large numbers. 

From the above results, it would seem evident that while 

bouillon with 0.5 per ct. of proteid was at once protected from 



New YORK AGRICULTURAL EXPERIMENT STATION. 43 

germ action by the presence of o.1 per ct. of chloroform, skim-+ 

mill with 3 per ct. of proteids required 0.4 per ct. of chloroform 

to give it an equivalent protection. 

EFFECT OF FAT UPON THE GERMICIDAL VALUE OF CHLOROFORM. 

Babcock and Russell (1) found that while 15 per ct. of ether 

would preserve milk containing 4 per ct. of fat, heavy cream 

required an equal volume of ether in order to prevent germ 

action. In this case the fat appears in some way to reduce mark- 

edly the germicidal value of the ether. The effect of fat upon 

the action of chloroform has been studied in the following ex- 

periments. | 

Sper pct. Jol fatececrived 

of chloroform respectively and were 

Bottles of normal milk containing 

ay We24anid 0.3, per ct. 

Gop a?  C. (99° F.). 

TABLE V.— GERMS PER CUBIC CENTIMETER IN CHLOROFORMED MILK 

TAINING 5 PER CT. OF FatT.* 
poe a ma ee Sasi See = = a 

Con- 

PERCENTAGE OF CHLOROFORM BY VOLUME. 

INTERVAL. 

Ort Oe, 0.3 

NDS! 2) CS ey Se a ee 780 ,000 | 313,000 720,000: 
LL GEES 24, 6 ane SU) i a ee eae 97 .000 222 ,000 255,300) 
hy HEE 7 ce a rr ae 147 ,000 | 390 ,700 212,000: 
MIR eek. ns blew sl eee Hse 583 ,000 2,884,000 447 ,000: 
ih Na i 5,245,000 18:312. 000.) Too -manw to 

count 

CM mini! eys4).). ic chife ls Se dhw see eee | 451,970,000 | Too many to | Too many to 
| count count 

ei NE Sn ee Too, many ‘to | Too, many sto, | ‘Too many’ to 
count count count 

Ghose Oe Ae ee ie. a re Curdled Curdled | Curdled 

| ae a = — St 

*Determinations made by Mr. Nicholson. 

These results show that 0.3 per ct. of chloroform is not sufficient 

to saturate 1 per ct. of fat in addition to the other solids and leave 

enough excess to destroy the germ life. Accordingly, further tests 

were made with larger proportions of chloroform. 

In this case milk was obtained from the cow under such pre- 

cautions that the germ content was only 31 per cc. Duplicate 

bottles received 0.3 and 0.5 per ct. of chloroform and were held 

at 37° C. (99° F.). The two bottles which contained 0.3 per ct. 

curdled on the second day, while both bottles containing 0.5 per 

ct. curdled on the third day. 
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Duplicate bottles were prepared with milk containing 5 per 

ct. of fat, to which chloroform was added at the rate of 0.5, 0.8, 

1.0, 1.5 and 2.0 per ct.. The milk was held at 15.5° C. (60° F.). 

The germ content after various intervals is shown in Table VI. 

TaBLE VI.— GERMS PER CUBIC CENTIMETER IN CHLOROFORMED MILK CoN- 

TAINING 5 PER CT. OF Fart.* 

PERCENTAGE OF CHLOROFORM BY VOLUME, 
INTERVAL. 

0.5 0.8 ee 1.5 2.0 

Initjial germ) content | 77,200 
BrGITsk Vs yh ye ke Clee hae ee ee 95,700 | 97,200 | 44,700.} 17,300 680 

76,300 | 64,900 | 60,000 6, 600 2, £30 

Tee Te EDS CORRE EEE Ere han, (Fires Bee Too mal|ny 12,000 860 330 
to cou|nt 15,000 1,800 430 

UMS ap Yoh ote gle re Wen a a cn umin ye ate) Can Ih AE. 9g steed Too ma|ny 250 78 110 
to cou}nt 270 99 110 

a 

* Determinations made by Mr. Prucha. 

From this it is seen that while 1.0 per ct. of chloroform is 

sufficient to reduce the germ content gradually, so that curdling 

occurs only after the interval alloted for enzym action, 1.5 per 

ct. reduces the numbers to approximately the spore content within 

24 hours. 

It is interesting to observe that, in this test, the germicidal 

action with 1.5 per ct. is approximately equal to that observed 
with o.4 per ct. of chloroform in similar milk from which the 
fat had been skimmed. Thus the presence of 5 per ct. of fat 
neutralizes the germicidal action of about 1.0 per ct. of chloroform. 

In our study of the solubility of chloroform in milk it was 
shown that 1.0 per ct. of chloroform was required to saturate 
5 per ct. of fat. Accordingly, it would seem plain that the 
chloroform which is absorbed in the fat layer at the bottom of 

the milk is for all germicidal purposes removed from the milk. 

We frequently used chloroform in the study of enzyms in 
cheese where the fat content amounted to 20 to 30 per ct. Ac- 
cordingly two experiments were planned to determine the effect 
of 10 and 20 per ct. of fat upon the germicidal action of chloro- 
form. As they were in perfect accord, but one of them is here 
given. 

In order to obtain high percentages of fat, normal milk was 
enriched with fat in the form of melted butter, from which the 
casein had been removed by filtration, and the water and salt by 

~ 

a ee 
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decantation. The chloroform was useful in bringing this large - 

amount of fat into an emulsion. Percentages of chloroform 

below 2.5 per ct. were not used since, with this percentage, a 
good emulsion was not produced and satisfactory sampling was 
thereby made difficult. The bottles were arranged in two series, 

one containing Io per ct., and the other 20 per ct. of fat, and 

in each series there were duplicate bottles containing 2.5, 10.0 

and 20 per ct. of chloroform. The bottles were held at 15.5° C. 

(60° F.). The germ content before the addition of the chloro- 
form was 17,120 per cc. 

Taste VII.— Germs PER Curic CENTIMETER IN CHLOoROFORMED MiLk Con- 

TAINING ADDED Fat.* — 

10 PER CT. FAT. 20 PER CT. FAT. 
Fe a 

INTERVAL, Percentage of Percentage of 
chloroform. chloroform. 

Sik Wish 10 |} 208] 2.5 5 10 | 20 

on Soe NTS eae yes 2OO8) AB | 255))5 244 boy Pe Bo te. Bes 

OE ESOS aC ee ae 236 | 20-| 84] 246 34 | 107 | 142 
44 64 | 194 | 126 

62 98 34 34 46 200 
60 | 116 | 182 52 176 52 30 156 

6 NSE SaaS i a ee 166 | 170 | 251 | 249 126 | 116 | 194 268. 
211 |} 250 | 261 | 215 144 | 280 64 274 

ICL CD, waht oe ae a's diem « « 308 | 352 | 412 | 276 |2,546 | 308 | 360 207 
201 | 397 | 391 | 334 643 | 240 | 297 272 

* Determinations made by Mr. Rogers, 

It will be seen that the germ content remained high in all of 

the bottles even at the end of a year. This is probably due to the 

large number of spores in the melted butter. The numerical 

results are quite irregular since the fat globules transferred to 

the culture plates closely resembled colonies and made accurate 

counting difficult, with a tendency to too high results. None of 

the bottles curdled until after the usual interval required for 

enzym action. The last-analysis of the bottles containing 2.5 per 

ct. of chloroform and 20 per ct. of fat indicates that germ 

growth was then taking place. At this time the quart bottles | 

were nearly empty and evaporation into the air space had further 

reduced the amount of available chloroform. It is probable that 

2.5 per ct. is close to the limit of chloroform required to preserve 

milk containing 20 per ct. of fat. 
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RATE OF GERMICIDAL ACTION IN .MILK. 

From the data already given, it is evident that the destruction 
of bacteria by chloroform is not an instantaneous matter, but 

rather a progressive one, being dependent upon the amount of 

chloroform which is active, and upon the length of exposure to 

its influence. Under such circumstances, it is conceivable that, 

while the chloroform might ultimately destroy the germs in the 

milk, it might do this so tardily that in the interval there would 

be sufficient enzym formed to produce observable changes in the 

compounds present. In order to obtain more exact information 

of the rate at which the germs were destroyed by different per- 

centages of chloroform, duplicate series of bottles were prepared, 

containing normak milk with 5 per ct. of fat and varying 

amounts of chloroform. Each bottle contained 300 cc. and was 

held at approximately 22° C. (72° F.) during the period of ex- 

amination. Plates upon lactose agar were made in triplicate at 

short intervals and the results from these plates are given in 
thable VIL. | 

TABLE VIII.— GerMS PER CUBIC CENTIMETER IN CHLOROFORMED MILK COoNn- 

TAINING 5 PER CT. OF Fat.* 

PERCENTAGE OF CHLOROFORM BY VOLUME, 

INTERVAL. 

0.0 0.5 1.0 Avs 2.0 2.5 

Lay Pin | 34.600 24,500 | 33,200 | 19,800 | 12,000 O+ 
41/300 27'500 | 24500 | 16/000 5/980 O+ 

BG eran aes ieee tek 36, 700 27,600 | 23,100 3,500 796 | 20 
39000 28800 | 18800 5.290! - 9731 30 

LAUR Y Oa aD 10,000 67,700 6.810 1,360 731 33 
1187800 53.300 9980 1/710 163 | 114 

GE aR an 112.800 28 , 700 6, 430 795 . 851 43 
| 138500 26/900 | 11210 1,220 90 | 44 

Louver Mindd ba he 5,070 ,000 143,000 4,100 400 38 | 641 
4°145'000 151,200 | . 3'650 354 98 | 591 

ie RT Ie de CT 2 042,000 3,540 {ih 33. | 37 
Sepp sty ae 1'585.000 3090 242 32 | 25 

Bay toa tren HL Tue aan ‘| 6,813,000 |’ 3,436 48 31 | 21 
5' 86/000 3/480 75 is | 27 

ss ROC ae curdied | 45,467,000 1,360 66 29 | 27 
«“ 43600000 1'100 123 43 | 19 

* Determinations made by Mr. Prucha. _ u ; 
} No colonies appeared upon plates with dilutions of 1-70, i-200 and 1-1000 respectively. 

The results are given in pairs representing the duplicate bot- 

tles.. The two control bottles increased in germ content so 

rapidly that the plates made at the end of 22 hours and subse- 

quently were too thickly seeded to be counted satisfactorily. 
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These bottles were both curdled at the end of 48 hours. While 

0.5 per ct. was not sufficient to destroy the germs, it retarded 

their growth so that curdling did not take place until after six 

and nine days, respectively. The remaining bottles curdled simul- 

taneously at the end of two months. 

In the case of 1 per ct., there was a gradual and decided de- 

crease in the germ content. This did not seem to be so much 

the result of the extinction of given species as of the reduction 

of all the species present. After an exposure to the chloroform 

for 50 hours, the flora was made up of non-spore-bearing lactic 

forms, a few yellow cocci, and a few spore-bearing organisms. 

With 1.5 per ct..of chloroform, the reduction was more rapid. 

After Io hours the flora was made up largely of spore producers 

with a few colonies of yellow cocci and a few acid producers. 

Plates made after 27 and 50 hours contained few but spore-bear- 

ing forms. | 

The presence of 2.0 per ct. of chloroform cut the flora in 

80 minutes to spore-bearing forms and a few yellow cocci. Later 

examinations showed practically all spore-formers. The results 

with 2.5 per ct. of chloroform were the same, except that its 

action was quicker. The destruction was so prompt that no 

colonies appeared on the plates made at the end of Io minutes. 

This does not indicate that the germs were all destroyed, but 

rather that they were so reduced that they were excluded by the 

dilution used, which in this case was I-70, 1-200 and _ I-I000. 

Plates made at the end of 80 minutes produced colonies with a 

dilution of 1-10, but not with a dilution of 1-50. LEvidently, some- 

thing irregular occurred in connection with the plates made at 

the end of 10 hours since the non-spore-bearing yellow coccus 

appeared among the spore-forming colonies on the plates only 

at this examination and the numbers on these plates were too 

high to harmonize with the results obtained either before or 

after this time. — 
From these results, it is seen that with 2.5 per ct. of chloro- 

form the destruction of the vegetative forms is so complete and 

so prompt that it is extremely improbable that they would have 

time to exert any influence before their death. Likewise it is 

very doubtful if the occasional spore which remains alive is suffi- 

ciently active to exert any influence, since the first start toward 

germination would result in instant destruction. The same rea- 

soning holds with 1.5 and 2.0 per ct., except that the interval 

between the addition of the chloroform and the death of the 
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vegetative forms is measurable. With 1.0 per ct. of chloro- 

form the case is somewhat different, since vegetative forms per- 
sist for many hours. 

Since many of the forms present were lactic germs, a sensitive 
test of their activity was the reaction of the milk. Accordingly, 

at the end of 25 days the milk was titrated, using phenol- 

phthalein and decinormal sodium hydroxide. The bottles con- - 

taining 1.0 per ct. of chloroform showed an acidity equal to 

25.6cc. of normal acid to the litre; with 1.5 per ct. chloroform, 

an acidity of 22.8cc.; and with 2.0 and 2.5 per ct., an acidity of 

2Icc. of normal acid to the litre. While these differences are 

slight, they are suggestive that, so long as vegetative forms are 

present, there may be a minimum amount of bacterial action in 

the presence of an amount of chloroform which is producing a 
constant diminution of the germ content. 

EFFECT OF PROTEIDS AND FAT IN’ CHEESE; 

It was shown on page 40 that the presence of 3 per ct. of 

proteids prevented the germicidal action of 0.3 per ct. of chlo- 

roform, and on page 43 that the presence of 5 per ct. of fat 

rendered 1.0 per ct. of chloroform inactive. In average green 

cheddar cheese we have approximately 24 per ct. of proteid 

and 34 per ct. of fat, so that the need of a considerable per- 

centage of chloroform in order to prevent germ action is evident. 

Calculated on the basis of the above results, the proteid should 

absorb 2.4 per ct. and the fat 6.8 per ct. of chloroform by 

volume. In the case of cheese, it is manifestly more convenient 

to handle percentages by weight than by volume and the above, 
expressed as percentages by weight, would be 3.55 per ct. and 

10.06 per ct. respectively. It should be noted that the change 

which takes place in the physical condition of the proteid in 

passing from milk to cheese is so great that these values may be 

subject to wide variations. ‘That these figures are too high is 

rendered more than probable by the results given on page 59, 

where it was shown that 3 per ct. of proteid and 20 per ct. of fat 

was protected by 2.5 per ct. of chloro tony when 4.4 per ct. was 

indicated by these figures. 

In preparing chloroformed cheese, the chloroform was added 

to the milk and the ordinary operations of cheese-making carried 

out as usual. The milk used-was of the quality ordinarily used ~ 

for cheese-making, except that used in cheese 6.2, which had been 
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obtained with special precautions to avoid undue contaminations. 

The chloroform was always added in quantities greater than 

would be readily absorbed by the milk and, owing to its high 

specific gravity, the excess of chloroform settled toward the 

bottom of the vat, but the stirring which accompanied the process 

of manufacture tended to keep it distributed. A considerable 

amount of chloroform was retained in the finished cheese. When 

2 per ct. by volume was placed in the milk, there was found 

approximately 6 per ct. by weight of chloroform in the cheese; 

while, with 5 per ct. by volume in the milk, 15 per ct. by* weight 

remained in the cheese. Thus about 20 per ct.-of the chloroform 

added to the milk was recovered in the cheese. 

The cheese remained in the press 18 to 24 hours, when it was 

removed and sampled for analysis. The above-mentioned amounts 

of chloroform were present at this time. The cheese was now 

placed in a container supplied with chloroform and held at 15.5° 

C. (60° F.). This container consisted of a bell jar or carefully 
soldered galvanized-iron can inverted over the cheese and fitting 

into a broad'groove in a heavy wooden base. This base had 

been boiled in paraffin to fill all of the pores and melted paraffin 

was used to seal the cover into the groove in the base, thus 

reducing the loss of chloroform and moisture to insignificant 

amounts. At regular intervals the container was, opened and 

Samples taken for analysis with a sterilized cheese-trier. To 

replace the small amount which had been lost. by leakage and 

evaporation, chloroform was added to a dish within the container 

at the time of each examination. 
' The results of such examinations of a number of cheeses are 

given in Table IX. 

TABLE [X.— GERMS PER GRAM IN CHLOROFORMED CHEESE. 
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TasLe IX.— (Continued.) 
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TABLE [X.— (Continued.) 

6.17 I 6.17 II | 6.17 III 

H Ww H 
INTERVAL. E . é cy E 2 

” es Ey t Ef 
° H Oo fe) H 0D aS) H 00 
re 3 fe 6 fe Ps 
© © O 

rs 

B dayess iia gi. 5.2} 2,500 5.9/66,180) 10.6 210 
2 weeks 6.3 189 5.9 188i 10. Sie we 
Liano,, Bic. Peer 4.9 500 6.1/84, 460 9.6 430 
GOs es \ Albee d 10.8 160 8.8 QO} 12.4 90 
GENO: cise Oe 6.3 450 6.4 120) 11.0 80 
a 4s Co gm ge a 40 30 7.2 180} 12.0 70 
Did aes ok shies |= Ka oa P50 See TOOTS iP ala 593 

TAsLeE IX.—(Concluded. ) ‘ 
a a 

6.17 VI | 6.17 VII 

Ee | § | A | & 
INTERVAL. & od a oe 

fe) g Se) ° g fos) 
u tu uw i“ 

At Sti Semis ok 
te) i a Was Bey 

6.14 V 

‘ be 

E rclie 
a 3 3S n 

o §¢ 
a ty 00 
Ae) oO oO 

12.4 268 
O.6b senee 

12.6) 1,197 
12.4 110 
12.6 200 
14.2 500 
15.8 136 

6.17 IV 

és ald end 
& Be 
Shae 
ao Oo 

i COrfo oo 

ai te bere 

6.17 VIII 

Chloroform. Germs per 

gram 

6.14 VI 

a & |-od g | ge 
S | §& 4 | 6 

12.0 268 
10.8}. was 
14.0 504 
12.8} 1,220 
13.2 220 
14.0 130 
18.0 368 

SS eee 

6:1TW. 

g a} 
hh A | 
u as emia: 
aN GS 
O 

9.8} 2,300 
LOAN eee 
1032 336 
1052 280 
1140 100 
11.6 210 

furs ae 65 

ee ee ee ee ee) ee 

Lau be 6.6) 2,400 
110 6.4 190 
80 5.8 2601 

140 8.0 160 
220 8.5 308 
100 8.8] 2,645 
BOOL as oH 50 

611718 

& 3 
So ee 
) q 3 
WwW = 
re) uo 

a1 6 
oO 

13.2 520 
1Si2 few 
16.0 84 
16,0 240 
15.8 80 
16.0 100 

Pe ee ee) re) 

It will be noted that in all cases the germ content is markedly 
below the numbers found in normal cheese. The high numbers 
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found at the first examinations can be attributed at least in part 

to spores. ‘The milk used in cheese 6.12 I and cheese 6.12 II 

was of particularly poor quality with a correspondingly high 

germ and spore content. | 

The first chloroformed cheese was 6.2 and in this case the 

percentage of chloroform was excessive. The germ content was 

reduced to what could be regarded as hardly more than the spore 

content and it remained in this condition until at the end of six 

months. At this time the form of container which was de- 

scribed had not been fully developed and through an accident the 

larger part of the chloroform was lost. At this time the germ 

content rose to 1587 and at the end of 9 months it was 24,900 per 

gram. It seemed a natural inference from these results that 

more than 9 per ct. of chloroform was necessary in order to prevent 

germ growth in cheese. 

Cheeses 6.7 and 6.11 carried approximately 15 per ct. of chloro- 

form and the counts were satisfactory except in case of 6.7 I at 

2 days and 2 weeks and 6.7 II at 9 months. 
Cheese 6.12 and 6.14 contained approximately 11 per ct. of 

chloroform and, while the results with the 6.14 series were very 

satisfactory, those with 6.12 frequently gave excessive numbers. 

The latter cheeses were made from some purchased milk which 

proved to be of poor quality with correspondingly high germ and 

spore content. This would seem to indicate that the results 

obtained from the use of chloroform in this work were at least in 

a measure dependent upon the germ content of the milk itself. 

The 6.17 cheeses were all made from heated milk, that of 6.17 I 

being heated in the autoclave to 120° C., while the milk used in 

the remainder of the series was heated in a continuous pasteur- 

izer to temperatures varying from 95° to 99° C. in the case of 

different cheeses. In this series the chloroform varied from 5 to 

15 per ct. in different cheeses. In all of these cheeses, the germ 

content was low except in the case of occasional analyses, fre- 

uently in the first taken just as the cheese was coming from the 

Dressh)* 

It is difficult to formulate a satisfactory explanation for these 

relatively high numbers found at certain examinations. In the 

case of cheese 6.17 I the milk should have been practically sterile, 

while in the remainder of this series it should not have had a 

germ content of more than 200 per cc. Had all of these germs 
been retained in the curd, it would not have accounted for more 
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than 2,000 per gram, on the pasteurized cheeses. The analyses 

give 2,500 per gram from the practically sterile milk and as hip 

as 66,000 per gram from the pasteurized milk. 

Troili-Petersson,® Gorini,’ Rodella,“™ and Harrison®* have shone 
that the growth of bacteria in cheese takes place in the form of 

distinct colonies. In the chloroformed cheese these colonies 

appear to be so widely separated that one is not often included 
inasample. Observe that while the examination of 6.17 II gave 

66,180 germs at 2 days and 84,460 at 1 month, it gave only 188 at 

2 weeks and the plates at 3 months, containing one-twentieth and 

one-fortieth of a gram of cheese respectively, remained sterile. 

In some instances, where unusually large numbers were found 

at the regular examinations, plates made a few daye later gave 

the usual small numbers. 

It may be suggested that these colonies are the remains of 
the growth which occurred in the milk previous to the addition 

of the chloroform. While this may be possible, it does not 

seem probable that colonies formed in the milk would remain 

intact and alive while passing through the pasteurizer, the 

paddles of which revolve 300 times per minute. Further our 

study of the efficiency of this same pasteurizer, as given in 

Bulletin 172, would indicate strongly that this does not occur. 

The chloroform was added within a few minutes after the heat- 

ing and our previous results have shown that the amount of 

chloroform present was sufficient,to inhibit growth promptly 

in the milk. The conclusion seems almost unavoidable that, at 

least in the 6.17 series, these colonies were formed in the cheese 

in the presence of the chloroform. It should be noted that even 

in these cases they appeared only in the cheese with small per- 

centages of chloroform. 

It is regrettable that while the germicidal action of chloroform 
in cheese is so marked there should be the occasional production 

of colonies as indicated in the above results. The most satisfac- 

* Troili-Petersson, Gerda, Studien ueber die Mikroorganismen des Schwed-_ 

ischen Giiterkases. Cent. Bakt. u. Par., II Abt., 11: 120-143; 207-215. 1903. 

*Goroni, C. Sur la distribution des bacteries dans le ftomages de Grana. 

Rev. gen. du Lait, 3: 287-293. 1904. 

™ Rodella, A. Einiges iitber die Bedeutung der direkten microscopischen 

Praparate fur das Studium des Kasereifungsprozesses. Cent. Bakt. u. Par., 
TL Abt TR 7A 3715 35.4 LOO 

“Harrison, F. C. The distribution of lactic acid bacteria in curd and- 
cheese of the cheddar type. Rev. gén. du Lait, §: 409-415. 1906, 
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tory method of estimating the possible significance of such 

colonies is by a discussion of the relative chemical changes in 

cheese in which they did, and in which they did not appear. This 

will be presented in a later bulletin upon the relation of enzyms 

to cheese-ripening. 

EPRECT OF CHLOROFORM UPON ENZYM ACTION. 

Since so little is known regarding the constitution of enzyms, 

it is not to be expected that the mode of action of the chloroform 

upon enzyms will be clearly understood. Our knowledge here 

rests principally upon observed variations in the rate of action 

of enzyms under different circumstances. In such cases it is 

often impossible to determine whether these variations are due 

to the action of the chloroform directly upon the enzym or indi- 

rectly by changes induced in the substance upon which the 

enzym acts. 

INFLUENCE OF OXYGEN UPON THE ACTION OF CHLOROFORM. 

Malfitano(1) found that the influence of chloroform upon . 

enzym action was markedly affected in some cases by the ab- 

sence of oxygen. Thus the autodigestion of bacteria was stimu- 

lated by the addition of a drop of chloroform to a cotton stop- 

pered tube containing a suspension of the organisms, while this 

digestion did not take place if the air was removed and the tube 

sealed at the time the chloroform was added. He reasoned that 

this difference in digestion was due to the absence of oxygen, 

since the same inhibition of the enzym action occurred when the 

culture tube was filled with hydrogen before sealing. 

In the case of pancreatic juice under similar conditions, chlo- 

roform noticeably hindered the action of the enzym and, in the 

absence of oxygen, practically stopped digestion. While the 

presence of chloroform weakened the action of pepsin, there was 

no appreciable difference in its rate of digestion in the presence 

-and in the absence of oxygen. Fibrin in a physiological salt 

solution digested rapidly and quite completely in the presence of 

oxygen and an excess of chloroform, while a second portion of 

the same fibrin under parallel conditions, except that the con- 

tainer was sealed after the removal of the air, digested but little. 

In our study of milk enzyms we have necessarily conducted 

our experiments in sealed containers, since the rate of action was 

slow and, unless closely confined, the chloroform would evap- 

' orate, leaving the milk or cheese open to the action of bacteria. 
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It is interesting to observe that, in the light of Malfitano’s results 
with the bacteria, the action of such bacterial enzyms as might 

be present in the milk or cheese would be hindered, if not pre- 

vented, by the conditions under which our experiments were 

conducted. It should’ be remembered, however, that he worked 

with an almost entire absence of oxygen. The results obtained 

by Babcock and Russell with pancreatin and trypsin (see page 

55), indicate that the amount of oxygen inclosed in a bottle may 

be enough to supply the needs of these enzyms. 

EFFECT OF CHLOROFORM UPON DIFFERENT ENZYMS, 

The prevailing opinion regarding the effect of such substances 

as chloroform upon enzym action, as expressed by Gruttzner(1) 

is that “if one works with large quantities of the ferment, one 

can use the antiferments, substances which destroy the organized 

ferments, as thymol, chloroform, etc., without affecting the fer- 

ment action in a noticeable manner.. Where the amount of 

ferment is small or where the aim is to discover traces of fer- 

_ments, one must not use these antiferments.” This inhibiting 

effect of given chemicals does not appear to be equal toward alk 

enzyms. 

Salkowski(6) was able to demonstrate the presence of a dias- 

tatic enzym in the liver in the presence of chloroform and he 

found that the digestion of fibrin proceeded in the presence of 

0.5 per, ct..of. the same agent. As: ‘has been. already mamueas 

Malfitano(1) stated that an excess of chloroform did not prevent 

a practically total digestion of fibrin. According to Jacobson(r) 

the action of emulsion upon hydrogen peroxide is only slightly 

diminished by the presence of 10 per ct. of chloroform. 

Bertels(1) found that a saturated water solution of chloroform 

retarded the action of Finzelberg’s pepsin but did not have a 

similar action upon a solution prepared from the fresh stomach 

of a pig. Dubs(1),,in going over the same ground, found that 

chloroform in 0.23 to 0.36 per ct. concentration accelerated the 

action of scale-pepsin, while a saturated watery solution retarded 

its action. He attributed this variation in the results of its action 

to the presence of proteids in the solution. 

Work at the Wisconsin Station® showed that pepsin in the pro- 

portion of 1-25000 would not attack amphoteric, boiled milk in the> 

°Babecck, S. M., Russell, H. L., Vivian, A., & Hastings, E. G. Action. 
of proteolytic ferments on milk with special reference to galactase, the cheese- 

ripening enzyme. Wis. Agr. Exp. Station Report, 16: 157-174. 1899. 
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presence of 2 per ct. of chloroform but, when o.2 per ct. of 

hydrochloric acid was added to the, mixture, the pepsin became 

active. At the end of 56 days, 46 per ct. of the nitrogen of the 

milk was in a soluble form. 

Grutzner(1), in working with the pancreatic ferment, found that 

its action was checked by chloroform water even when diluted 

1a to 20 times. 

At the Wisconsin Station commercial pancreatin in the propor- 

tion of I-25000 parts of amphoteric, boiled milk in 2 per ct. of 

chloroform acted so energetically that 52 per ct. of the nitrogen 

of the milk was soluble at the end of 56 days. Two tests with 

commercial trypsin in the same concentration and under similar 

circumstances gave 86 per ct. and 87 per ct. of soluble nitrogen 

respectively at the end of 56 days. ~ 
The ability of milk enzyms to produce a digestion of the milk 

in the presence of chloroform and similar substances was an- 

nounced by Babcock and Russell(1) in 1897 and evidence on 

this point has been furnished in a number of papers. These 

results have been substantiated by von Freudenreich,’? Jensen"! 

and others. An observation of Salkowski’s(4) stands in such 

sharp contrast to their results that it deserves mention. He 

reports that two samples of normal milk containing 0.3 per cent. 

of chloroform showed no demonstrable evidence of proteolysis 

after standing 13 years. 

In our own experience covering a large number of experiments 

and extending over 8 years, every sample of milk in the presence 

of chloroform has undergone a gradual but well-marked proteolysis. 

Further discussion of the enzyms of milk is not given here, since 

it is proposed to devote a bulletin to this subject later. 

EFFECT OF CHLOROFORM UPON MILK ENZYMS. 

For the purposes of this study, it seemed desirable to remove 

the fat from the milk, and accordingly the milk used in these 

experiments was twice passed through a centrifugal separator. 

In so doing, the amount of enzyms was unavoidably reduced and 

the resulting action was less rapid than would have been the case 

in normal milk. 

von Freudenreich, Ed. Ueber das in der Milch vorhendene unorgan- 

isierte Ferment, die sogenannte Galactase. Land. Jahrb. Schweiz, 14: 49-55. 

1900. 
™ Jensen, Orla. Studien ueber die Enzyme im Kase. Landw. Jahrb. 

Schweiz, 14: 197-233. 1900. 
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In order to determine accurately the inhibiting effect of chloro- 

form, the standard of comparison should be the action which 
takes place in the absence of the substance being tested. In 

the case of milk, this is not possible, since, unless there is suffi- 

cient chloroform present to repress the bacteria, they will promptly 

induce such profound changes as to obscure the action of the in- 

herent milk enzyms. This took place in the case of some of 

our bottles containing the lower percentages of chloroform where 

the bacteria were not repressed. The first experiment was de- 

signed to test the range from amounts which would not hold the 

bacteria in check up to 2.5 per ct., which was the percentage 

ordinarily used in our studies of the milk enzyms. 

In this experiment duplicate bottles of milk received 0.1, 0.2, 

0.3, 0.5, 0.7, 1.0. 1.5, 2.0. and 2.5 per ct. of chloroform, respectively. 

Each bottle contained 1 litre, the milk coming from our own herd 

and normally containing 5 per ct. of fat, but in this case the fat 

had been removed until only 0.015 per ct. remained. The bottles 

were held at approximately 15.5° C. (60° F.). The results of the 

chemical and bacterial examinations are given in Table X. 

TABLE X.— SOLUBLE NITROGEN IN CHLOROFORMED SKIM-MILK.* 
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* Chemical determinations by Mr. Hart and bacteriological by Mr. Nicholson. 

- 

Since the first demonstrable effect of enzyms in milk is to 

bring nitrogen into solution, the percentage of nitrogen in this 
form has been used as a measure of enzym action. ; 

The bacteria were not held in check in the bottles containing 

0.1 per ct. of chloroform and this milk curdled at the end of 

_— 
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four and seven days, respectively. There were many thousands 

of bacteria per cc. present at the end of three months but the 

colonies developed so thickly on the plates that accurate count- 

ing was not possible. Plates were prepared from only one of 

the bottles at the end of six months and 188,700 per cc. were 

found. It was difficult to obtain satisfactory samples for chemical 

analysis from the curdled mass and these results were there- 

fore somewhat irregular. While the total digestion was not 

greater than in the bottles where the bacteria were destroyed by 

the chloroform, it was characterized by the presence of measur- 

able amounts of ammonia. 

No ammonia was found in any of the other bottles; the germ 

content was uniformly low and the milk did not curdle until 

after about two months. From these facts, it seems a justifiable 

assumption that, in the case of these bottles, the action of germ 
life was excluded. This must certainly have been the case with 

the bottles containing 0.5 per ct. or more of chloroform. 

The determinations of the soluble nitrogen show that, in the 

bottles containing chloroform in percentages ranging from 0.2 

to 0.7 per ct., the rate of enzym action was practically uniform, 

and at the end of 6 months there was approximately 50 per ct. 

of the nitrogen in the soluble form. The digestion in the bottles 

containing 1.0 per ct. or more of chloroform was less rapid 

from the beginning and this retardation of the enzym action 

increased with the increase in the percentage of chloroform 

present.’ In the bottles containing 2.5 per ct. of chloroform, the 

average content of soluble nitrogen at the end of 6 months was 

but 38 per ct. of the total nitrogen. 

This observed decrease of 12 per ct. in the activity of the milk 

enzyms, when comparing their action in the presence of 0.7 and 

2.5 per ct. of chloroform, respectively, was undoubtedly due to 
the unfavorable action of the higher percentage of chloroform. 

In view of these results, it is important, to know the effect ot 

such higher percentages of chloroform as were used in the cheese 

work. Accordingly, duplicate bottles were prepared contain- 

ing 2.5, 5, 10, 20 and 30 per ct. of chloroform, respectively, in 

skimmed milk. The milk had been twice passed through a cen- 

trifugal separator and contained only 0.025 per ct. of fat. One 

litre of the mixture was put into each bottle and the bottles 

Were wield at 15:5°.C. (60° B.). ; 

The soluble nitrogen and the germ content of the bottles at 

the end of various intervals are given in Table XI. 
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TABLE XI.— SoLuBLE NITROGEN IN CHLOROFORMED SKIM-MILK.* 
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* Chemical determinations by Messrs. Le Clerc, Patten and Hart, and bacteriological by 
Mr. Rogers. 

The large percentages of chloroform promptly reduced the 

bacteria to numbers which represented only the most resistant 

spores in the original milk. 

A comparison of the results here given in case of 2.5 per ct. 

of chloroform with those obtained under similar conditions as 

given in Table X shows that in the two experiments the diges- 

tion progressed at approximately the same rate under similar 

conditions. 

In this table the analyses of the pairs of bottles are given 
each time in the same order and it will be noticed that there are 

distinct differences in the rate of digestion in the different bottles. 

Thus the soluble nitrogen in one of the bottles containing 2.5 

per ct. of chloroform is high during the entire experiment, while, 

at the same time, in its duplicate the percentage of soluble nitrogen 

was among the lowest in the entire series. 

While the differences are not marked, there is indication of a 

slight retarding action with the increasing percentages of chlo-_ 

roform, but this is by no means so well marked as with the range 
from 0.7 to 2.5 per ct. 

-_— =. ee 
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In attempting to reason from these results to the probable 

action of the chloroform upon the enzyms in cheese, it should 

be remembered that there is a marked difference in the physical 

condition of the material in the two cases. With milk, the chlo- 

roform settled to the bottom in all bottles containing 5 per ct. 

or more of chloroform, while in the cheeses it remained more 

evenly distributed throughout the mass. This is in a measure 

offset by the fact that the percentages of chloroform tested in the 

milk were much higher than in the case of cheese, and that there 

was little increased retarding action shown by these higher per- 

centages of chloroform over that shown by 2.5 per ct. 

EFFECT OF CHLOROFORM UPON PROTEIDS. 

The effect of chloroform upon the rate of digestion through 

its action upon the milk proteids is so closely related to its 

action directly. upon the enzym that in our studies we have 

not attempted to differentiate them but have measured the com- 

bined effect and given the results in Tables X and XI. There 

are, however, other phenomena in connection with the use of 

‘chloroform which can be directly observed and which deserve 

notice. | 

In an early communication Salkowski(2) called attention to 

the coagulation which takes place when blood is preserved with 

chloroform and Formanek(1r), Kruger(1) and Salkowski(7) have 

more recently discussed its action as a precipitant for hae- 

moglobin. 

Kirchner(1) observed that blood serum coming in contact with 

the drops of chloroform turned a grayish white and, during the 

years that chloroform has been used as a means of preserving 

proteid solutions, it has been a matter of common observation 

that a white accumulation commonly forms on standing. 

In discussing the solubility of chloroform, attention was called 

to the formation of a heavy, white, opaque layer at the bottom 

of the milk. This layer is most easily studied in skim-milk, 

though it is equally abundant in normal milk, in the latter case 

being partly obscured by the submerged fat. 

Observations have shown that it is formed in skim-milk in 

noticeable quantities after the addition of 0.7 per ct. of chloro- 

form and steadily increases in amount in proportion to the 

~ amount of chloroform added. In case of the smaller percentage 

_ it readily mixes with the milk upon shaking and does not re- 



60 REPORT OF DEPARTMENT OF BACTERIOLOGY OF “THE 

appear until after standing some hours. With larger amounts 

of chloroform it forms promptly and, while it mixes with the 

milk on shaking, it promptly settles out. Measurements of the 

depth of the layer formed after*the addition of 40 per ct. of 

chloroform showed it to be as deep at the end of 4 hours as after 

10 days. Where it is present in considerable quantities, the 

volume of this opaque material is approximately equal to the 

volume of the chloroform which has been added. Where chloro- 

form is added in large quantities, the milk standing above this 
opaque layer becomes noticeably more translucent, indicating 

that a portion of the casein has been carried down. 

Mr. Bosworth siphoned the milk from above such a layer in a 

bottle of milk which had contained 10 per ct. of chloroform. 

The chloroform layer with a little of the milk was transferred to 

a separatory-funnel and allowed to stand over night. In the 

morning one-half of the chloroform layer was drawn off into an- 

other separatory-funnel and to this was added some water and — 

the mixture well shaken for a half hour or more. It was then 

allowed to settle and after a distinct separation of the two liquids 

all of the chloroform and one-half of the water were drawn off. 

The remaining half of the water was transferred to a beaker. 

The solution was of a milky appearance and upon the addition 

of a slight amount of 1 per ct. acetic acid a precipitate settled 

out, which upon examination proved to be casein. 

From these observations it would seem clear that the chloro- 

form, in excess of what passes into solution if the serum of the 

milk, settles to the bottom and carries down with it a portion 

of the casein. The casein is apparently not altered by entering 

into this relation with the chloroform since, upon being shaken 

with an excess of water, it passes in suspension into the water 

from which it can be precipitated by acid in the same form in 

which it is normally thrown down from the milk. 

CONCLUSIONS. 

Solubility.— The solubility of chloroform in skim-milk 1s ap- 

proximately 0.55 per ct. by volume. In normal milk the solu- 

bility of chloroform depends largely upon the percentage of fat 

present. Five per ct. of fat dissolves approximately 1.0 per ct. 

of chloroform. The affinity of chloroform for fat is marked and 
the resulting saturated solution is heavier than the milk, collecting 

at the bottom of the container. 
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Germicidal value of chloroform.—All determinations of the 

~ action of chloroform must be carefully guarded against loss of 

chloroform by evaporation. In working with small percentages 

the air space in the container must be small. 

Vegetative germs are very susceptible to the action of chloro- 

form’ while spores are extremely resistant. | 

In peptone bouillon, 0.1 per ct. of chloroform by volume is 
sufficient to prevent growth. In skim-milk this is sometimes 

accomplished by 0.2 per ct., but 0.3 per ct. is often required while 

0.4 per ct. destroys the vegetative forms within 24 hours. . 

In normal milk containing 5 per ct. of fat, I.o per ct. of chlo- 

roform produces an immediate reduction of the germ content, 1,5 

per ct. destroys the vegetative forms within 24 hours, while 2.0 

per ct. kills them within 4 hours and 2.5 per ct. accomplishes this 

within Io minutes. 

’ The chloroform which dissolves in the fat and settles to the 
bottom is, for all germicidal purposes, removed from the milk. 

The explanation for the observed increase in the germicidal 
action, on the addition of chloroform above that required for 

the saturation of the fat and the milk serum, is not clear, since 

this excess of chloroform also tends to settle to the bottom. 

However, during the short period in which it manifested its 

_activity, it was largely in suspension, due to repeated shaking 

of the milk. 

The results with chloroformed cheddar cheese were somewhat 

variable, indicating the action of factors which have not been 

recognized and measured. The lowest percentage tested, 5 per 

ct. by weight, prevented growth with the exception of the forma- 

tion of occasional colonies. Similar colonies were occasionally 

found in cheese containing as much as Io per ct. of chloroform 

by weight. | 

Effect upon enzym action.—With percentages of chloroform so 
low that acid formation is not prevented, the digestive action 
of milk enzyms is less rapid than when more chloroform is used. 

This is undoubtedly due to the inhibiting effect of the acid 
rather than to any stimulating action of higher percentages of 

chloroform. In skim-milk a retarding action upon the enzyms 
becomes evident with amounts between 0.7 and 1.0 per ct. This 

retardation practically reaches its maximum with 2.5 per ct. of 

chloroform, when it amounts to 12 per ct. of the amount of 

digestion that occurred in the presence of 0.7 per ct. or less of 

.. chloroform. 
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Action upon milk proteids—— The chloroform above that required 

to saturate the fat and the milk-serum carries down casein in 

quantities roughly proportional to the excess of chloroform pres- 

ent. This combination is readily observed as a heavy, white, 

opaque layer. The casein does not appear to be changed by this 

solution in the chloroform since it can be separated from the 

chloroform by vigorous shaking with water and when thus sepa- 

rated responds to reagents as does ordinary milk-casein. 

General.— Chloroform is a fairly satisfactory agent for repress- 

ing germ life in connection with the study of milk enzyms. 

Quantitative studies of the action of such enzyms should receive 

a’correction of at least 10 per ct. where 2.5 per ct. of chloroform 

or more is used. 
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REPORT OF THE BOTANIGAL 
DEPARTMENT. 

Pee LO-sPRAYING "EXPERIMENTS IN. 1906.” 

Peep uis WAR). J..KUSTACE, G, T. FRENCH anp F. A. SIRRINE. 

SUMMARY. 

The fifth year of the ten-year series of potato-spraying experi- 

ments begun in 1902 is now completed. During 1906 the work 

was carried out along the same lines as in 1904 and 1905. Eighty 

Separate experiments are reported in this bulletin. 

TEN-YEAR EXPERIMENTS. 

At Geneva, five sprayings increased the yield 63 bushels per 
acre, while three sprayings increased it 31.75 bushels. The gain 

was due chiefly to the prevention of late blight. There was no 
rot. At Riverhead, the gain due to five sprayings was 53.25 bushels 

per acre and to three sprayings 21.5 bushels. Here, the chief ene- 

mies were the flea beetle and late blight, but there was no rot. 

FARMERS’ BUSINESS EXPERIMENTS. 

In fifteen experiments, including 225.6 acres, the average gain 

due to spraying was 42.6 bushels per acre; the average total cost 

of spraying, $5.18 per acre; the average cost of each spraying, 

98.5 cents per acre; and the average net profit, $13.89 per acre. 

VOLUNTEER EXPERIMENTS. 

Sixty-two volunteer experimenters, spraying 598 acres, re- 

ported gains averaging 44.5 bushels per acre, the largest being 

132.6 bushels and the smallest no gain at all. 

*A reprint of Bulletin No. 290. 
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POTATO TROUBLES IN 1906. 

On the whole, the potato crop suffered less from blight and 
rot in 1906 than in any previous season since these experiments 

began. It is roughly estimated that flea beetles and early blight 

caused an equal amount of loss, while late blight was responsible 

for as much damage as flea beetles and early blight combined. 

There was no rot of any importance anywhere in the State. 

SPRAYING IS PROFITABLE. 

Judging from the experiments thus far made it appears that 

spraying for blight is an operation which no potato grower in 

New York can afford to neglect. Forty-eight farmers’ business 

experiments made during the past four years show an average 

net profit of $20.51 per acre due to spraying. 

DIRECTIONS FOR SPRAYING. 

Commence spraying with bordeaux when the plants are 6 to 8 

inches high and repeat at intervals of 10 to 14 days throughout 
the season, making, in all, five or six applications. When bugs 

or flea beetles are numerous add paris green or other poison. 

‘For further details see page 134. 

INTRODUCTION. 

Does it pay to spray potatoes in New York? Potato growers 

have been asking this question for fifteen years or more. It is 

well known that in seasons when blight is destructive spraying 

will check the blight and considerably increase the yield; but 
the majority of potato growers have doubted that spraying is 

profitable on the average. They argue that blight does not 

appear every year. In some seasons it causes but little if any 

damage, yet the spraying must be done regularly because it is 

impossible to foretell the appearance of blight. The result is that 

in some seasons spraying is profitable while in others it is un- 

profitable and they doubt that it is profitable on the average. 

This Station has set out to find an answer to the above ques- 

tion. The investigation was begun in Igo2 and is to be continued 

until 1912. During ten consecutive years numerous potato 

spraying experiments will be made each year and at the end of 

the period the results will be averaged. The experiments are of 
three kinds: (1) Station ten-year experiments; (2) farmers’ busi- 

ness experiments; (3) farmers’ volunteer experiments. 
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The Station ten-year experiments were begun in 1902. Each 

year there are two of them — one on the Station grounds at Geneva, 

the other near Riverhead, Long Island. The object of these experi- 

ments is to determine how much the yield can be increased, on the 

average, by spraying with bordeaux mixture. Two methods of 

spraying are being compared as to their efficiency: Some rows are 

sprayed regularly every two weeks while others are sprayed only 

three times during the season. The rows sprayed every two weeks 

alternate with those sprayed only three times and with others not 

sprayed at all, so that every third row is an unsprayed one. 

The farmers’ business experiments were begun in 1903 and have 

been continued each year since. The object of these experiments 

is to determine the net profit in spraying potatoes in different 

ways under actual farm conditions. In 1906, fifteen farmers 

cooperated with the Station in making business experiments. 

The collection and tabulation of the results of volunteer ex- 

periments made by farmers all over the State was begun in 1904. 

Sixty-two such experiments made in 1906 are reported in this 

bulletin. While the most important feature of the volunteer 

experiments, taken as a whole, is the increase in yield due to 

spraying, several of them contain, also, other points of special 

interest. 

Bulletins previously published are as follows: 

No. 221. Potato Spraying Experiments in 1902; 

No. 241. Potato Spraying Experiments in 1903; 

No. 264. Potato Spraying Experiments in 1904; 

No. 279. Potato Spraying Experiments in 1905. 

SUMMARY OF RESULTS OBTAINED IN TEN-YEAR 

EXPERIMENTS PRIOR TO 1906. . 

RESULTS IN 1902. 

TABLE I.—YIELD BY SERIES AT GENEVA IN 1902.’ 

Series. Rows. Dates of spraying. Yield per acre. 

1% ; Bu. lbs. 
10 ie ed ee ae A Atmeand: Lota a. Alias LU Aes Van Chest Oe LD cat ews eras ens 317 41 
eee sre Aro me and Lasoo ss Une oO pull ys Ono, GUs aa bo 26 

ANG soeOt ys LOL det bes tame Megan ae 36 
LEDLNS 2 Serpe aly Mea BLOy GAATICs LOL Phe NOL ASTSTA VEC clit. ts sie en eet mein | 219 4 

| 
! 

1 Rows 10, 11 and 12 omitted because of probable error. 

Gain due to spraying three times, 98% bu. per acre. 

Gain due to spraying seven times, 123% bu. per acre. 
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The unsprayed rows died two weeks earlier than the sprayed 

rows, owing chiefly to a severe attack of late blight. They were 

also somewhat injured by flea beetles, but there was no early 

blight. On unsprayed rows the loss from rot was 7% per ct.; 

on sprayed rows only an occasional tuber. 

TABLE I].—YIELD BY SERIES AT RIVERHEAD IN 1902, 

Series. Rows. Dates of spraying. Yield per acre. 

Bu. lbs. 
I Kee eye ae ere ileL INCL ae eeowe May 26, June 20 and July 12.....: ..) 295 20 
RAMs Sere a A Aw veand 1 Ole May 26, June 3, 20, 30, July 11, 23 

andAug, Stay tigate Onin eee 312 oo 
[Wh es See eee SO OkanGal 2 seer by Notispravyed ih. 7th tthe ee eee 267 40 

Gain due to spraying three times, 2724 bu. per acre. 

Gaim due to spraying seven times, 45 bu. per acre. 

In this experiment there were only traces of early blight and 

no late blight. The larger yield on sprayed rows was due to 

partial protection against flea beetles which were rather plentiful 

at times. There was no rot. ° 

RESULTS IN 1903. 

Tas_e III.—YieLp sy SERIES AT GENEVA IN 1903. 

CESS IED IED = = EAE DR, | 

Series. Rows. Dates of spraying. Yield per acre. 

: Bu. lbs. 
1B ye Meese, ea 1, 456,510 and'13 2a) julyi f4,-238and Awe O6rea eee 262 — 

See oleae | 2,5, 8,11 and 14..| July 7; 2) Aug®7, Zand Septs3.”. .) 292 10 
ND ee at wR SOs Latand 157." Not sprayed. 1a ee ee ee 174 20 

Gain due to spraying three times, 88 bu. per acre. 

Gain due to spraying five times, 118 bu. per acre. 

Three sprayings prolonged the life of the plants 11 days; five 

sprayings, 18 days. There was no early blight and the injury 

from flea beetles was only slight. Late blight was again the 

chief enemy. The loss from rot was even less than in 1902. 
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TABLE I1V.—YIELD By SERIES AT RIVERHEAD IN 1903. 

Series. Rows. Dates of spraying. | Yield per acre. 

Naa pees Ibs. 
eis ot, 5-3 Tiree pater lO. vie. yp ehunelo, july 2e and Aug. Fino ce} 246 45 

{Ue a ee am Ome SeuINCe Ldee ay ae June 524 Jaly- 7, 22°andi Aue 7. ia -6)" 263 10 
1 LIE see So a SajGx9 amd sh), <0 .)2 Not sprayed | 207 10 

Gain due to spraying three times, 39% bu. per acre. 

Gain due to spraying five times, 56 bu. per acre. 

The sprayed rows outlived the unsprayed by several days. 

Late blight and flea beetles were the chief enemies. Early blight, 

also, caused slight damage. On the unsprayed rows the loss 

from rot was 2 per ct.; on the sprayed, practically nothing. 

RESULTS IN I9Q0O4. 

Taste V.—YIELD BY SERIES AT GENEVA IN 1904. 

Serie . Rows. Dates of spraying. Yield per acre. 

3 Bu. lbs. 
eet oo, | iA Onanidrio sah Neil ye towes and Atre.pL bh. Malka sta % 344 30 

ib oie eae Oms Mander aa ayes Oo eAae Wl and 29 20. yaar 386 40 
LODE See oe ee Oe POGOe oon Mee IN OUGTITE VeCioris | hi oe ee ee 153 25 

Gain due to spraying three times, 191 bu. per acre. 

Gain due to spraying five times, 233 bu. per acre. 

Spraying prolonged the life of the plants 25 days. Late blight 

was the only trouble. Both on sprayed and unsprayed rows there 

was a little rot at digging time. In storage, the sprayed potatoes 

rotted most. Spraying materially improved the cooking qualities. 

TABLE VI.—YIELD BY SERIES AT RIVERHEAD IN IQO4. 
sti i 

Series. Rows. Dates of spraying. Yield per acre. 

my Bu. Ibs. 
1p Re es Iida toand «lO Waa. Junei4eualy Zinand Avie yor. eek Aor 58 

1D een Cae ae Pa tse, eyes uC baal il ean. June 14, 27, July 11, 26, Aug. 9 and 22!) 297 45 
UPSD iets thse 45-2) 5 ts Suonorand 1255 o/s IN@tySPTa Ve Gin SON ae aieus eset la pees anaes 6 201 25 

Eel 

Gam due to sprayuig three times, 56% bu. per acre. 
Gain due to spraying six times, 961% bu. per acre. 

The larger yield on sprayed rows was due chiefly to partial 

protection against flea beetles which were unusually abundant. 
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Both early and late blight also present. The loss from rot was 

3, per ct. on Series I, 1 per ct. on Series IL and Gi perecueem 

Series III. 

RESULTS IN 1905. 

Taste VII.—YieLp By SERIES AT GENEVA IN 1905.” 

| 
Series. Rows. Dates of spraying. Yield per acre. 

Bu. lbs. 
1 BAE a A 47, 10 and 13%'.4.:\¢ July 3, August. 7oand 2b.) oe eee 228 45 

DRS Oe eee 5) Ss, Land [4,507 epune 29, July 13227, pars 12 and 24..| 241 15 
DLE Ae eh pancten GAO Zand outs Not sprayed. ee Tel Satake AD See eee 121 52 

7 

2 Rows 1, 2 and 3 omitted because of error. 

Increase in yield due to spraying three times, 107 bu. per acre. 

Increase in yield due to spraying five times, 119% bu. per acre. 

From the combined attack of flea beetles, tip-burn and late 

blight the unsprayed rows died fully two weeks earlier than the 

sprayed ones. Spraying reduced the loss from rot at the rate of 

41 bushels per acre. There was no subsequent rot in storage. 

Tasite VIII.—YIeELp By SERIES AT RIVERHEAD IN 1905. 
— 

Series. Rows. Dates of spraying. Yield per acre. 

Bu. lbs. 
dC ES amis eM De 1, 4,7, 10. and 13...) June 14, July (8 and Awe. ee ee 253 a 
TAA i ay Bins 2, 5, 8, ll and 14...) June 14, 30, July 14, 28 and Aug. 11. -) 303 41 

118 (0 aR ee Pare eee 3°6,09,012 and. 15: si Not sprayedsidcs 14>, ouhe aun 221 38 

Increase in yield due to spraying three times, 31% bu. per acre. 

Increase in yield due to spraying five times, 82 bu. per acre. 

Late blight caused no injury in this experiment and there was. 

not even a trace of rot. Flea beetles and early blight were the 
enemies fought. 

DETAILS OF THE TEN-YEAR EXPERIMENTS IN 1906. 

SOIL, PLANTING, CULTIVATION, ETC. 

At Geneva.— The plat of land used was the same as that used 

for this experiment in 1904. The soil was a heavy clay loam 

containing some gravel. The surface drainage was good. During 

the season of 1905 it was seeded with red clover. It was plowed .- 
“in the fall of 1905 and again in the spring of 1906. 



- New York AGRICULTURAL EXPERIMENT STATION. me 

Seventeen rows 29014 feet long were marked out three feet 

apart. Immediately before planting the furrows were opened with 

a plow. Commercial fertilizer at the rate of 500 pounds per acre 

(ten pounds per row) was scattered in the furrows by hand. 

The soil was fine and in excellent condition for planting which 

was done May 26. The seed pieces were placed 15 inches apart 

in the row and covered about 4 inches deep by means of hoes. 

The seed was of the variety Rural New Yorker No. 2 selected 

from the sprayed rows in the experiment of 1905. On May 21 

the seed tubers were given the formalin treatment for scab. The 

following day they were cut into pieces of hen’s egg size in 

such manner that each piece contained at least one good eye. 

During the season the plants were harrowed twice, cultivated 

three times and hoed once. Up to about August 15 the weather 

conditions were favorable but after that date the potato crop was 

considerably injured by heat and lack of rain. 

At Riverhead.— The land used at Riverhead was a level plat of 

sandy loam on the farm of H. HH.” Hallock. The soil was of 

about the same character as that used for the experiment in 1905. 

The previous crop was potatoes. A mixture composed of 1500 

pounds of commercial fertilizer (4-10-5 formula) and 500 pounds 

flowers of sulphur (for scab) was applied to the land at the rate 

of 2000 pounds per acre by means of a fertilizer drill which 

opened a furrow about two inches deep. Furrows for planting 

were made by deepening the drill furrows with a shovel plow. 

The seed potatoes were of the variety Green Mountain and 

came from an unsprayed field in which there was considerable 

rot. After the formalin treatment for scab the seed tubers were 

cut and dusted with sulphur. The seed pieces were planted 

April 26, 15 inches apart in the row, at the rate of 20 bushels 

per acre, and covered by means of a horse hoe. The experiment 

included 15 rows 290% feet long. ° 

Cultivation was sufficiently thorough to keep the field entirely 

free from weeds throughout the season. 

PREPARATION AND APPLICATION OF THE BORDEAUX MIXTURE. 

Both at Geneva and Riverhead the bordeaux mixture used 

was made by the 1-to-8 formula, approximately, and applied very 

thoroughly as in former years. At Geneva, the first spraying of 

Series I and the first two sprayings of Series II were made with 

a barrel spray dump, all others with a knapsack. At Riverhead 

all of the spraying was done with a knapsack. 
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DATES OF SPRAYING, ETC. 

At Geneva: Series I— The rows of this series, 1, 4, 7, 10 and 

13 were sprayed three times with bordeaux mixture — July 9, 

August 10 and 30. At the time of the first spraying the plants 

were 12 to 15 inches high. Bugs were numerous but had not 

yet done material damage. Paris green was applied with the 

bordeaux at the rate of one pound to fifty gallons. After this 

there was no further trouble with bugs so the second and third 

sprayings were made with bordeaux alone. 

Series II.— This series consisted of rows 2, 5, 8, 11 and 14. The 

plants were sprayed five times with bordeaux mixture — July 6, 

20, August 6, 20 and 21. Following the fourth spraying on 

August 20 there came a heavy shower (3.10 inches) before the 

bordeaux was dry and washed it off to such an extent that it 

was considered necessary to repeat the spraying the next day. 

After August 21 the weather was so dry and hot that the blight 

made no progress and further spraying was thought to be un- 

necessary. 

At the time of the first spraying the plants were Io to 14 inches 

high. It was the intention to begin somewhat earlier than this, 

but circumstances prevented. Subsequent events indicate that 

no loss resulted from the delay. “Bugs” were hatching in 

considerable numbers. A few were about half grown but the 

majority were just hatched. Paris green, which was used with 

the bordeaux in the first spraying at the rate of 8 ounces to 50 

gallons, seemed to kill the “bugs” satisfactorily, but it was 

necessary to use poison a second time in the second spraying; 

whereas, on Series I and III treated July 9 with double this 

quantity of paris green one application was sufficient. 

Series III.— Series II] consisted of rows 3, 6, 9, 12 and 15. No - 
bordeaux mixture was used on this series. One application 

of paris green in lime water (one pound paris green, two pounds 

lime and fifty gallons water) applied July 9 was sufficient to 

keep the plants free from “bugs” during the entire season. 

At Riverhead: Serics I.— This series consisted of five rows, Nos. 

I, 4, 7, 10 and 13. They were sprayed with bordeaux mixture 

three times (June 12, 18 and August 6) and treated with paris 

green in lime water twice besides (June 26 and July 12). Paris 

green was also used with the -bordeaux in the first spraying. 

Series IJ.— This series consisted of five rows, Nos. 2, 5, 8, II 

and 14. They were sprayed with bordeaux mixture five times 



New York AGRICULTURAL EXPERIMENT STATION. 75 

(June 12, 25, July 10, 25 and August 6). Paris green was used 

with the bordeaux in the first three sprayings. 

Series III.— This series, also, consisted of five rows, Nos. 3, 6, 

9g, 12 and 15. No bordeaux was used on these rows, but they 

were treated with paris green in lime water twice, June 26 and 

July 12. 

It will be observed that on Series I and II paris green was 

applied three times; while on the check rows, Series III, it was 

used but twice. From this it would appear that the sprayed 

rows had an unfair advantage, but such was not the case. The 

use of poison on Series I and II in the first spraying was entirely 

unnecessary. There were no bugs in sight at this time but they 

_ were expected to appear in a few days and it was thought best 

to be ready for them. However, it was two weeks before they 

became numerous enough to require treatment. Whenever paris 

ereen was used in this experiment it was applied at the rate 

of one pound per acre. 

RESULTS OF THE TEN YEAR.EXPERIMENTS IN 1906. 

AS SHOWN BY THE CONDITION OF THE FOLIAGE. 

At Geneva.— Up to August 6 there was no difference between 

the sprayed and unsprayed rows. At this time the plants were 

looking well. They were freely touching between the rows, but 

not yet covering the ground completely. There had been no 

injury from “bugs” and there was no early blight, Alternaria 

solam. Only a little injury from flea beetles was evident and 

there was only a trace of late blight, Phytophthora infestans. 

Some leaves with brown margins were to be found on all of 

the rows. | , 
By September 6 there was considerable contrast between sprayed 

and unsprayed rows. There was also a noticeable difference be- 

tween Series I and II, the latter showing fewer brown leaves. 

About September 15 the rows of Series III were dead while the 
rows of both sprayed series were still partly green. The contrast 

was greater now than at any other time during the season, but much 

-less than in any of the previous four seasons during which the 

experiment has been in progress. 

Late blight, Phytophthora infestans, first appeared in the experi- 

ment field August 4. Soon after this the weather conditions be- 

came unfavorable to its spread and it did not do much damage. 

The most serious disease was one which caused the leaves to 
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turn brown around the margin. Its nature was not definitely 

determined, but we incline to the opinion that it was due chiefly 

to excessive heat and dry weather. The early blight fungus, 
Alternaria solant, was responsible for only a small part of the 
trouble. Whatever the cause, the sprayed rows suffered less 

than the unsprayed ones. 

At Riverhead.—In the experiment at Riverhead the principal 

enemies were late blight“ and flea beetles, there being a moderate 

attack of both. Early blight was not sufficiently abundant at 

any time to cause material injury. 

On July 20 the sprayed series (I and II) presented a some- 

what better appearance than the unsprayed series (III), but there 

was not a marked contrast. The greatest difference probably 

occurred about August 1 when the condition of the sprayed 

series was decidedly superior to that of the unsprayed. 

AS SHOWN BY THE YIELD, 

At Geneva.— The potatoes were dug by hand October 8. The 

product of each row was earefully sorted into two grades — 

marketable tubers and culls—and weighed. According to our 

usual method all sound tubers larger than a hen’s egg were 

graded as marketable. 

TABLE [X.—YIELDS IN THE EXPERIMENT AT GENEVA IN 1906. 

| YIELD PER ROW.! YIELD PER ACRE, 

Section. | Row. | TREATMENT. ae 

| Market- | Culls. | Marketable. Culls. 
ee en ee feo eee ee, eS) Se ee ee eS 

| lbs. lbs. Bu. lbs. | Bu. lbs. 
Ae In| oOprayed lo) times seen | 275 23 | 229 10 | 19 10 

2.) Sprayed) times. e .) 4. | 304 174253 20 | 14 10 
| S eUris prayed ase nitions | 224 29 | 186 40 | 24 10 

1.4, Ae Ra. | 4 | Sprayed 3 times....... | 2554 22 | 212 55 | 18 20 
Hil\Sprayed Srtimes a: . | 281 16 | 234 lO vids 20 
6 | Unsprayed.. ot Sau 2374 184} 197 55: FEBS 25 

Cay 7 | Sprayed 3 timess cc. | 2774 lege ey! 15 | 14 10 
| S |) Sprayed oitimesi say... 324 134| 270 — / 11 Ley 

Ot Unsprayed guy setae | 244 17 | 203 20a T+ 10 
Dae sats 10 | Sprayed 3 times....... | 292 124| 243 20>} 10 25 

11 | Sprayed 5 times....... | 326 UT Med 40 | 14 10 
12 | Unsprayed.. ber ae 2384 15 | 198 45°} 2 30 

Beis ot | 13 | Sprayed 3 times...... ‘| 2644 194} 220 25 | 16 15 
14 | Sprayed 5 times....... / 317 19 | 264 10 | 15 50 
1 6ci UnsOrayed sadpea mie | 230 19 | 191 40 | 15 50 | 

1 Rows 290.4 feet long by three feet wide making the area of each row exactly one-fiftieth 
acre. Concerning the loss from rot see page 77. 

Comments on the table— (1) In every section the five-sprayed 

row outyielded the three-sprayed row. 



Fig. 2.— Sorting and weighing the crop. 

PLATE I].— THE TEN-YEAR EXPERIMENT AT GENEVA. 
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(2) In every section both of the sprayed rows outyielded the 
unsprayed row. 

(3) In different sections the yields of the rows treated in the 
same way varied considerably. This has happened also in all four 
of the previous experiments. It can not be avoided. In order 
to obtain reliable data in experiments of this kind sprayed and 
unsprayed rows must be alternated and repeated several times 
to get average yields. 

(4) The average yield of culls was greater on the sprayed 
rows than on the unsprayed, being 16 bu. 37 lbs. per acre on 
the unsprayed rows, 15 bu. 4o lbs. per acre on the rows sprayed 

three times and 13 bu. 45 Ibs. per acre on the rows sprayed 

five times. This is in harmony with the results obtained in 

previous years excepting 1905, when the yield of culls was 
greater on the sprayed rows. 

Yield by series— The ‘five rows sprayed three times constitute 
Series I and the average yield of these rows makes the yield 

for Series I. The yields given for Series II and III have been 

computed in the same manner. The yield by series is shown in 

the following table: 

Tasrg X.—YIELD BY SERIES AT GENEVA IN 1906. 

Series. Rows. Dates of spraying. Yield per acre. 

ig Bu. lbs. 
1 Ee sat Soa erm InAs elo andsila. el Malye Asgouste lLOvand "S0.4..1\o ee en 227 25 
LS BALE eg Degen le anGuld., | uly Gip20 sAteust 67,20 and Qin 22 258 40 
Pe tices Wea. Se Geo Re) and. loa INOtASDra VeCubarnt ceed ccchtises neta oe Chul 195 40 

Increase in yield due to spraying three times, 3134 bu. per acre. 

Increase in yield due to spraying five times, 63 bu. per acre. 

It appears that the last two sprayings of Series II (really one 

double spraying) on August 20 and 21 very nearly doubled the 

gain. | 

Loss from rot.— Only four rotten tubers were found in the en- 

tire experiment. 

At Riverhead.—In the experiment at Riverhead the potatoes 

were dug on September 1 and sorted into two grades, marketable 

tubers and culls, in the same manner as at Geneva. 
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TABLE XI.—YIELDS IN THE EXPERIMENT AT RIVERHEAD IN 1906. 

YIELD PER ROW.! YIELD PER ACRE. 

Section. | Row. TREATMENT. | 

giles Culls. Marketable. Culls. 

= ee 

| Lbs. Lbs. Bu. lbs. | Bu. lbs. 
Bp coe Leopravyed.o timles..os 6 op PPA | 19 | 184 10") 15 50 | 

2 \.oprayed’5 times... =. au. 276 14 | 230 — {ll 40 
/ Sir TS OLY EC fan. ic eae 167 Louie t39 TON LZ 30 

Leb 4 | Sprayed 3 times....... 203 18 | 169 1 -| 45 — 
5 1 Sprayed 5 times... . 20! 228 10 | 190 — 8 20 
Grin UnsSOrayed: cn. serene 193 23 | 160 50.0 10 

Gud ; ‘7 | Sprayed 3 times....... 191° 1712 159 10 | 14 10 
S jeSprayed 5.timesihe. aie 233 10 | 194 10 8 20 
9 | Unsprayed.. Phi aX 187 13) oS BO He Ls —— 

DD Pees 10 | Sprayed 3 times....... 206 | US? ered 407) 15 cre 
Ils sprayed) times ys ces 248 12- | 206 40 | 10 2 Sos 
ie Unita Bea 5 TSR eee 187 LSpeoo 5001S — 

Deuce tae 13] Sprayed-3 timesi:. 55. 211 | 154) 175 bo} be ob 
14 | Sprayed 5 times....:.. 2374 14 197 55.9261 40 
Lo.) -Unsprayedeeecte mane 169 254; 140 50 “p24 45 

| ! 

1 Rows 290.4 feet long by three feet wide making the area of AB rOWw atte one-fiftieth 
acre. 

& 

Comments on the table-——As in previous years, the gain from 

spraying in this:experiment was smaller than in the experiment 

at Geneva. On the average, five sprayings gave more than 

twice the gain from three sprayings. In each section both of 

the sprayed rows outyielded the unsprayed row and the row 

sprayed five times outyielded the row sprayed three times. 

Taste XII.—YIELD By SERIES AT RIVERHEAD IN 1906. 
+ 

| 

Series. Rows. Dates of spraying. Yield per acre. 

Bu. , lbs. 
Letnees ae cory., 147) LOkand 13 A| june-12 5July- lS and A veustiG. aoa LZ — 

UPOS  eaeees. 54 2,5, 8,1l and 14..| Ju: re 12, 25, July 10, 25 and Aug. 6 203 45 
DL eee eee ea 3, 6,09, 12-and 15... Not Spraved rts ty Ay aaa. Aho ee 150 30 

Increase in \teld due to spraying three times, 21% bu. per acre. 

Increase in yield due to spraying five times, 5314 a per acre 

Loss from rot.— There was no rot on any of the rows in this 

experiment. 
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SUMMARY OF RESULTS OBTAINED IN THE TEN- 

YEAR EXPERIMENTS, 1902-1906. 

The following table shows the results obtained in the ten-year 

experiments during the first five vears: 

TABLE XIIJ.— SUMMARY OF THE TEN-YEAR EXPERIMENTS FOR FIVE YEARS. 

AT GENEVA. AT RIVERHEAD, 

YEAR. Cee eet A. Gain per A. Ca pe) A. Gain per A, 

spraying pas £O, spraying dae ie 
eve1ry two ggg he has every two ielerttkes 

ielaledy three times. aaa three times. 

Bu. Bu. Bu. Bu. 
EO PIE OL Go cic pe 5. side piece we 1234 984 45 | 274 
ME Oesemh ene emredes Detar sats Rae ie kha le & 118 88 56, | 394 
CE MENUS yc icle ce asus ete's we a 230 191 96 564 
WENO. 5) ko dO et Ie ea ae ean ee 119 107 82 31% 
IMT. Saeed de a 2a ee Sears 63 32 5S 214 

PVC Men sc acee Seis bk 6s 132 1034 664 354 

FARMERS’ BUSINESS EXPERIMENTS. 

OBJECT CF THE EXPERIMENTS. 

Many farmers question the reliability of the results obtained 

in experiments like the Station ten-year experiments described 

in this bulletin. They doubt that such results can be obtained in 

ordinary farm practice. The common objections to the experi- 

ments are: (1) They are on too small a scale (three-tenths of an 

acre); (2) the spraying is done more thoroughly than farmers 

would do it; (3) it is difficult to determine accurately the ex- 

pense of the spraying; (4) the idea is prevalent that the Station 

potatoes are given extra good care in order that large yields 

may be obtained. 

To satisfy this demand for experiments of a more practical 

kind the Station decided to conduct a series of farmers’ business 

experiments so managed as to show the actual profit in spraying 

potatoes under farm conditions. This work was commenced in 

1903 with six experiments. In 1904, fourteen such experiments 

were made, in 1g05 fourteen and in 1906 fifteen. The results 

have been of such general interest, that it has been decided to 

make several of these business experiments each season during 

the remaining five years in which the potato spraying experi- 

ments are to be continued. 
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METHODS. 

The methods employed in 1906 were essentially the same as 

in previous years. In the spring of 1906 the Station arranged 

with fifteen farmers in different parts of the State to keep an 
account of their spraying operations on potatoes. An accurate 

record was kept of all the expense of the spraying, including 

labor, chemicals and wear of machinery. In each experiment 

strips of three to seven rows were left unsprayed for comparison. 

These rows received no bordeaux mixture but were treated with 

poison to protect the plants from bugs. 

In six of the experiments there was but a single unsprayed 

strip; in five experiments there were two unsprayed strips; and 

in four experiments three unsprayed strips. Hence, so far as 

concerns the increase in yield due to spraying, the fifteen experi- 

ments really included 28 separate tests. 

In the fall, the tubers on one or more of the unsprayed rows 

were carefully weighed. The same was done with one or more 

sprayed rows on either side. In this manner it was determined 

how much the yield had been increased by spraying. In all 

cases a representative of the Station was present when the test 

rows were dug and assisted with the weighing. The length 

and width of the rows were carefully measured, the Station 

representative assisting with this, also. Accordingly, we can 

vouch for the accuracy of the yields reported. Each of the 

experiments was visited twice or three times during the season 

for the purpose of taking notes. | 

The experiment fields varied in size from five to forty-five 

acres, the total acreage of the fifteen experiments being 226 acres. 

As far as practicable they were placed in localities where the 

potato is a leading farm crop. In ten of the experiments the test 

rows were in plain view from a public road so that the results 

could be seen by passersby. 

The method of spraying in the Hebron experiment was one 

we call the two-hose-and-three-men method. In the other four- 

teen experiments the spraying was done with horse sprayers of 

several different kinds, covering four to seven rows at each 

passage. 

THE CHAFEE EXPERIMENT. 

This experiment was made by R. M. Howell, Chafee, Erie 

county. He sprayed 10.4 acres of potatoes five times at intervals 
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of about ten days, commencing July 10. The spraying outfit 

consisted of a Spramotor barrel pump mounted on a low, two- 

wheeled cart with a Spramotor nozzle-carrier attachment at the 

rear and drawn by one horse. The pump was operated by a 

gearing on one of the wheels. Four rows were sprayed at each 

passage with one nozzle per row. 

The bordeaux mixture was prepared from six pounds of 

copper sulphate and five pounds of prepared lime in fifty gallons 

of water and applied at the rate of about thirty-seven gallons per 

acre, the total quantity used during the season being thirty-nine 

barrels of fifty gallons each. The poison used for “bugs” was 

arsenite of soda prepared by boiling one pound of arsenic and 

four pounds of salsoda in one gallon of water. This was mixed 

with the bordeaux in the proportion of three quarts of the poison 

to fifty gallons of bordeaux, 

The potatoes were in two fields of about five acres each, both 

situated about fifty rods from the water supply. In each field 

four rows were left unsprayed but treated twice with arsenite 

of soda in lime water to protect them from bugs. The potatoes 

were of the variety White Giant in Field No. 1, and Rochester 

in Field No. 2. 

The items of expense of spraying the. 10.4 acres five times were 

as follows: 

mene: Stl Plate 2). 76. Mist dss, ows haw atsdo dt sw hte ole owned ule $16.38 

Mammemmn eta? 11e (1) TSG 0 on. Pa ccsals «, chs aidieca's(d idew ors oe wah acbuc’ 2.92 

Or diss arsenite oi} soda solution: @:214¢. i). sok care le ced een lee owe les 2.10 

Ponpamiatpor fOr Man and horse G).'306. 0 2. ib.c. 50. ole Ss us eects oe Ln PaO OG 

EES ARE OETAG Ko cp tik ek Tvl Shard Bere le es bd ak Mase alelah'y whe May Vee Yee 6.50 

eo EE MEN Ae IST S aga gent ae eee A DID UME LU RT it? Caney SEC AOE Weed RR $48 .co 

The total expense of spraying was $4.70 per acre or 94 cents 

per acre for each application. 

In Field No. 1, on August 1, the unsprayed rows were plainly 

inferior to the sprayed rows on either side. This was due to 

three causes: (1) They had been slightly more injured by 

“bugs;” (2) they had been slightly injured by the arsenite of 

soda applied for “ bugs;” (3) they had been considerably injured 

by a large kind of flea beetle,® while the sprayed rows were but 

very slightly injured. To us, this flea beetle is new as a potato 

pest. It has not appeared in any of our experiments in previous 

5 Systena hudsonias Forst. Identified by P. J. Parrott. 
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years. It is nearly one-fourth inch long, shiny black and jumps 

like the common flea beetle.® Its injury to potato foliage is simi- 

lar to that of the common flea beetle except that the gnawed 

areas are considerably larger. At this time there were very 

few of the common flea beetles, no early blight and no late 

blight; but later in the season some late blight appeared on the 

check rows. 

In Field No. 2, on August I, the unsprayed rows were distin- 

guishable from the sprayed rows only by a slight browning of 

the foliage due to injury from arsenite of soda. There were no 

common flea beetles and only a few of the larger kind. Early 

blight and late blight both were entirely absent; however, during 

the last month of their growth the plants on the unsprayed rows 

became slightly affected with late blight. 

In both fields the test rows were dug with a potato digger on 

October 25 with the following results: 

Field No. 1.—In this field the test rows were 849 feet long by 

34 inches apart. The yields were as follows: 

Second sprayed row on the east, 595% lbs. marketable tubers. 

Second sprayed row on the west, 69044 lbs. marketable tubers. 

Average of two sprayed rows, 643 lbs. marketable tubers. 

One of middle two unsprayed rows, 357% lbs. marketable tubers. 

Yield, sprayed, 194 bu. 5 lbs. marketable tubers per acre. 

Yield, unsprayed, 107 bu. 54 lbs. marketable tubers per acre. 

Gain. 86 bu. 11 lbs, marketable tubers per acre. 

Ficld No. 2.— In this field the test rows were 626 feet long and 

34 inches apart. ‘The yields were as follows: 

Second sprayed row on the north, 473% lbs. marketable tubers. 

One of the middle unsprayed rows, 440% lbs. marketable tubers. 

Yield, sprayed, 193 bu. 44 lbs. marketable tubers per acre. 

Yield, unsprayed, 180 bu. 14 lbs. marketable tubers per acre. 

Gain, 13 bu. 30 lbs. marketable tubers per acre. 

There was no loss from rot in either field. Combining the 

results obtained in the two fields we have an average gain of 

49 bu. 50 lbs. marketable tubers per acre. At the time of digging 

the test rows the market price of potatoes in Chafee was 40 cents 

per bushel. Thus the value of the increased yield was $19.93 

per acre. Subtracting $4.70, the expense of spraying, there 

remains a net profit of $15.23 per acre. Probably the actual profit 

was not quite as great as this. The lower yield of the unsprayed- 

6 Epitrix cucumeris Harr. 
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rows was partly the result of injury from arsenite of soda 

applied in lime water. Arsenite of soda is a cheap and effective 

insecticide and may be used with safety on potatoes if applied 

with bordeaux mixture at the rate of not more than two quarts 

of the arsenite to fifty gallons of bordeaux. It should be used 

only with bordeaux mixture. | 

THE SILVER SFRINGS EXPERIMENT. 

This experiment was conducted by F. J. Austin, Silver Springs, 

Wyoming County. Twenty-two acres of potatoes, all in one 

field, were sprayed six times with a two-horse, four-row Aspin- 

wall potato sprayer. The first two sprayings were made with 

one nozzle per row while in the last four sprayings two nozzles 

per row were used. (We believe this to be a good practice.) The 

dates of spraying were as follows: July 5-6, 14-16, 25-26, Au- 

gust 6-7, 13-16 and September 5. 

Prepared lime was used in making the bordeaux. The water 

required was taken from a creek and drawn to the potato field 

in barrels on a stone boat a distance of about forty rods. The 

man who drew water also prepared the bordeaux and employed 

the remainder of his time in hoeing. 

The potatoes were of two varieties, Carman No. 3 and Sir 

Walter Raleigh mixed. They were planted on clover sod be- 

tween May 25 and June 7 in drills fifteen inches apart in the row 

and thirty-three inches between the rows. 

Four rows were left unsprayed for a check.: “ Bugs” were 

kept under complete control on these rows by two applications 

of arsenite of soda in lime water. On the sprayed portion of the 

field arsenite of soda was used three times at the rate of tnree 

pints of the stock solution to fifty gallons of bordeaux. Mr. 

Austin states that there was no difficulty whatever in controlling 

* with this amount of poison. 

We examined this experiment twice — July 31 and August 31. 

At the time of our first visit the check rows were in no way 

different from the sprayed rows except that the foliage of some 

plants was very slightly injured by the arsenite of soda. There 

were no insect enemies and no blight of any kind. The plants 

were looking well but did not yet quite cover the ground. 

At the time of our second visit late blight was beginning to 

appear all along the check rows, especially at the east end where 

‘ the rows ran down to the foot of a hill. The checks were now 
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somewhat inferior to the sprayed, but the contrast was not 

marked. On the sprayed portion of the field the vines completely 

covered the ground making a very fine showing. 

During September the late blight made considerable progress 

on the check rows and the lower yield of these rows is chiefly 

due to its ravages. 

The items of expense for spraying 22 acres of potatoes six 

times were as follows: 

850..lbs. copper sulphate @ 63462: 3.,0) its...) oc eye tioned $57.37 

12)sacks slime. @): 456.394.2803) SPE a ig 5.40 

4. sacks: lime. @. 30¢ §09), . an okie Da eth ha ee «er 1.20 

eo bs. arsenic) @). B46) 0 abe s 0h Gopi cetae us alae s Eat eee ceo 

7or lbs! sal''soda "@2 AE sas Ie shes Paso Behe | Mabie amie en e013 

6 days’ work for two men and two teams @ $8..............:... 48.00 

Wear On ‘sprayer '\. ps1 6. See cub cade d Kp oie iuace ne Wipe Ue ee 10.00 

Total no (oo Naik tee Da a RE cate hay cee a oe $124.80 

Thus the total expense of spraying was $5.67 per acre or 

94 cents per acre for each application. 

The test rows were dug October 5 with a potato digger. The 

rows were 1,237 feet long, but owing to lack of time the test 

was confined to 700 feet at the east end. Had the entire length 

of the rows been included the difference in favor of the sprayed 

rows would probably have been less because of less damage from 

blight toward the west end. Although’ the rows were supposed 

to be thirty-three inches apart measurement showed them to be 

only 2.7 feet. Accordingly, the latter figures have been used 

in computing the yields, which were as follows: | 

Second sprayed row on the north, 916 lbs. marketable tubers. 

Second sprayed row on the south, 935 lbs. marketable tubers. 

Average of two sprayed rows, 925% lbs. marketable tubers. 

Average of two unsprayed rows, 717 lbs. marketable tubers. 

Yield, sprayed, 355 bu. 24 lbs. marketable tubers per acre. 

Yield, unsprayed, 275 bu. 20 lbs. marketable tubers per acre. 

Gain. 80 bu. 4 lbs. marketable tubers per acre. 

There was no loss from rot. The yield of culls was at the rate 

of ten bushels per acre for the sprayed rows and 11 bu. 8 lbs. 

for the unsprayed rows 

At 35 cents per bushel, the market price of potatoes in Silver 

Springs on October 5, 80 bu. 4 lbs. of potatoes would be worth 

$28.02. Subtracting $5.67, the expense of spraying, there remains 

a net profit of $22.35 per acre. 
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THE BATAVIA EXPERIMENT. 

This experiment was conducted by J. H. Miller, Batavia, N. Y. 

The experiment field contained eighteen acres of potatoes of the 

variety Champion planted the last week of May in hills 34 inches 

apart each way. | 
The sprayer used was a new Style “ Standard” purchased new 

in the spring of 1906. ‘The entire field was sprayed six times 

with bordeaux mixture on the following dates: July 11-12-13, 23-24, 

August 2-4, 14-15-16, 22-23-24 and September 1-3-4. The bordeaux 

was made with six pounds of copper sulphate to fifty gallons 

of water and sufficient lime added to satisfy the yellow-prussiate- 

of-potash test. The facilities for making the bordeaux were 

inconvenient. The prepared mixture was drawn to ‘the field 

in the sprayer a distance of about forty rods. The work was all 

done by one man, who mixed and applied the bordeaux at an 

average rate of fifty gallons per hour. In the first spraying six 

rows were covered at each passage, in the next three sprayings, 

five rows, and in the last two sprayings, four rows; the quantity 

of bordeaux applied varying from 50 gallons to about 65 gallons 

per acre at each application. 

Seven rows near the center of the field were left unsprayed. 

They were not even treated with poison. There were so few 

“bugs” that probably treatment for them was unnecessary, yet 

on the sprayed rows arsenite of soda was applied with the 

bordeaux in the second spraying. 

On the unsprayed rows in this experiment there was a little 

early blight, a few flea beetles and just a trace of late blight, but 

the injury from all these agencies combined was so slight that 

the average observer would have pronounced it immaterial. 

The items of expense for spraying eighteen acres of potatoes 

six times were as follows: 

Ee ODET Wetiphate (GQ) 76s. cc...) a ebiee cd acts sale hae ghee awe oe $50.40 

MEET TGING?) S206 COAL aoe ae ey FO) Ee Po OR 3.00 

mamuremeanor. fOr team 1S€. ROP A A ees, AL 17.85 

Mmonteaianar Lor inan'@ Ue. celia de. dense Gee hh DLA Lee Den 17.85 

MI PETA LCT) TOG: 5,5, Sveihd ro ica in ua Wer 2 ath ih gile wl A layg Bold bia bance A) 10 

EE AME AIS CL RACE EO oo a FV Bey aed Sidi ce hv -aihs segs <4 See Vi bin Upbnteigie oe eka 1.10 

MEDS SULAVGL oc. .9%0 ede, scene ca’ dts es BR TMY cd) Screen ate tor athe Meh eee 8.00 

eer e Pads ost Oo ty Oe RMSE AN, CALPE IG cree fi TR le $99.30 

' 
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The total expense of spraying was $5.52 per aere or 92 cents 

per acre for each application. 

The test rows were dug October 18 with a potato digger. 

They were 694 feet long by 34 inches wide, 22.15 rows being 

required to make an acre. Practically all of the tubers were 

of marketable size and many were larger than is desirable. 
There were so few small potatoes that sorting was unnecessary. 

The yields were as follows: 

Third sprayed row on the east, 524 Ibs. marketable tubers. 

Third sprayed row on the west, 545 lbs. marketable tubers. 

Average of two sprayed rows, 534% lbs. marketable tubers. 

Middle unsprayed row, 48144 lbs. marketable tubers. 

Yield, sprayed, 197 bu. 19 lbs. marketable tubers per acre. 

Yield, unsprayed, 177 bu. 45 lbs. marketable tubers per acre. 

Gain, 19 bu: 34 lbs. marketable tubers per acre. 

The market price of potatoes being 45 cents per bushel, 19 bu. 

34 lbs. of potatoes would be worth $8.80. Subtracting $5.52, the 

expense of spraying, there is left a net profit of $3.28 per acre. 

THE AVOCA EXPERIMENT. 

This experiment was conducted by G. A. Fox, Avoca, Steuben 

County. Thirteen acres of potatoes were sprayed five times with 

a two-horse, four-row “ Watson” potato sprayer carrying one 

nozzle per row. ‘There were four different varieties of potatoes. 

They were planted about May 25 in hills 34 inches apart each 

way. The soil was sandy loam. ‘The field was nearly level and 

so situated in a valley that a part of it was subject to overflow 

in times of high water. 

The bordeaux mixture was made by the following formula: 

Six pounds of copper sulphate, seven pounds of prepared lime 

and fifty gallons of water, the latter being obtained from a 

pump at one side of the field. In the first three sprayings 

arsenite of soda solution was used with the bordeaux at the 

rate of three pints to fifty gallons of bordeaux, but as this did 

not control the “ bugs” satisfactorily one additional application 

of paris green in water was made. The quantity of bordeaux 

mixture applied was a little less than fifty gallons per acre at 

each spraying. One man and team, with a boy to help in the 

preparation of the bordeaux, sprayed the entire thirteen acres 

in ten hours. The dates of spraying were July 3-5, 12, 24, Au- 

gust I and 15. 
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A four-row check was left in the variety White Carlisle. 

These rows were kept free from “bugs” by three applications - 

of paris green in water. 
In this experiment there was no trouble of any kind except 

a severe attack of late blight, Phytophthora infestans, which began 

to appear On the unsprayed rows the latter part of July and 

during August became very destructive. Even the sprayed por- 

tion of the field was considerably injured. Just why the spraying 

was not more effective is not clear. However, the spraying 

proved profitable. 

The items of expense for spraying thirteen acres of potatoes 

five times were as follows: 

s7asipsacoppen sulphate @ 6¢ vis. oi. ).ch eo cc cee Leva tle hips oe $22.32 

ME ISAC CU MITTS OPS TG os a csi d wrclena. eet » bye Sere «acdidiscage eotee, «hee 5. 35 

ee MIArectisve Of SOA SOIULION. ... on). - cee cc ew eee ee wees ve ueas 1.46 

Seememmaver IOP Man ditd tall (@ $3.0... 2. ws tee eee ce tes 15.00 

noe: FOL ielper (a) Sis fa eat ee el. vo ee IE 5.00 

rea agts 2 aris rv me, tx SN alate, tk wligdaks bleak clo 12.50 

I haar Bed ee ee ae ails otk 'a cle uk 0 big’ tied $61.63 

The total expense of spraying was $4.74 per acre or 95 cents 

per acre for each application. 

The test rows were dug by hand on September 26. Owing to 

a washout across the middle of the field it was necessary to con- 

fine the test to 300 feet at the east end of the rows. The yields 

were as follows: 

South sprayed row, 103 Ibs. marketable tubers. 

North sprayed row, 134 lbs. marketable tubers. 

Average of middle two unsprayed rows, 85 lbs. marketable tubers. 

Yield, sprayed, 103 bu. 9 lbs. marketable tubers per acre. 

Yield, unsprayed, 74 bu. marketable tubers per acre. 

Gain, 29 bu. 9 Ibs. marketable tubers per acre. 

In spite of the severe attack of blight there was no loss from 

rot among the tubers. The yield of small potatoes was at the 

rate of 6 bu. 32 lbs. per acre on the sprayed rows and 4 bu. 21 lbs. 

per acre on’the unsprayed rows. 

On the day the test rows were dug the market price of pota- 
toes in Avoca was 40 cents per bushel. At this price 29 bu. 

9 Ibs. of potatoes would be worth $11.66. Subtracting $4.74, the 

_ expense of spraying, there is left a net profit of $6.92 per acre. 
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THE ODESSA EXPERIMENT. 

This experiment was conducted by O. 5. Benson, Odessa, Schuy- 

ler County. One field of 2% acres was sprayed five times on the 

following dates: June 26, July 2, 18, August 6 and 17. Another 

field of five acres was sprayed on the same dates and once be- 

sides on August 25. 

The bordeaux mixture used was of the 6-4-50 formula, the 

water being obtained mostly from the outlet of a ditch at one 
corner of the five-acre field. 

The sprayer was a cheap, home-made outfit consisting of a 

one-horse, two-wheeled cart carrying a Pomona spray pump 

mounted in a fifty gallon barrel. One man drove and worked 

the pump while another sat on the rear of the cart and directed 

the spray nozzles which were attached at the ends of two short 

pieces of hose.‘ In the first four sprayings one nozzle per row 

was used and in the last two sprayings two nozzles per row. 

In each field a strip of three rows was left unsprayed but 

treated three times with paris green in water to control “ bugs.” 

In both fields arsenite of soda was used with the bordeaux in 

the first spraying, but as the “-bugs”’ were not satisfactorily 

controlled paris green was the poison used during the remainder 

of the season. On the five-acre field it was applied three times 

with bordeaux and once in water, while on the 2%-acre field it 

was applied twice with bordeaux and once in water. “ Bugs” 

injured the unsprayed rows no more than the sprayed rows. 

Neither flea beetles nor early blight entered into this experi- 

ment. Because both fields were situated on rather low ground 

and nearly level, it was expected that there would be a severe 

attack of late blight if the weather conditions were at all favor- 

able and such was actually the case. The unsprayed rows were 

severely injured and the sprayed ones also suffered slightly. The 

increased yield of the sprayed rows was due entirely to protec- 

tion against late blight. 
The items of expense for spraying five acres six times and 

2% acres five times and making one extra application of paris 

green on both fields were as follows: 
\ 

" Instead of having the nozzles held in the hands they might have been 

fastened to the cart and considerable expense for labor saved. 
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POs meonper siipiate @) 7926.20 CU tees Se EL Pe, $13.05 

MENT MMOS AEE OTH ot) Te eat, oy VENTA Ue cs Vag witoy Wed doe O28 0% .70 

MME MS CHGLA ari Sac ak erbola Ch nnaolia cota ar e'¥sa leew dio hso. bre he RAG O Ee ey 

SOC 256. ke hes A Ae vajeewlcde Gv vo bingieees the fed 2 tak 

NE ROC) (1). 356 oe ns vas he sie e c da oP tla e e% eran Genie} 7.35 

SeeerEeeiabOT LOL TWO Merl (306.2... aes cove a ceesebeceees 18.15 

Me arIDOL Tor Norse (a) TOF. eo. al lk REE, 6.05 

MT Pe OP tts RISE AN 5a Soh ol REE cleE On cedeie’s abd pal Janke 1.00 

I Nich a a chee ee mL Sn a, RLS ee yo aire wp iph sp ct $48.81 

The expense of spraying was at the rate of $1.15 per acre for 

each application or a total of $6.90 per acre for six sprayings. 

At digging time it was found that the test rows in the 2%4-acre 

field had been so much damaged by water as to make the results 

wholly unreliable; accordingly the test was confined to the five- 

acre field. The test rows were 699 feet long by 2.87 feet wide, 

21.71 rows being required to make an acre. They were dug with 

a potato digger on September 24. The yields were as follows: 

Second sprayed row on the west, 496 lbs. marketable tubers. 

Second sprayed row on the east, 553% lbs. marketable tubers. 

Middle unsprayed row, 393% Ibs. marketable tubers. 

Yield, sprayed, 189 bu. 52 lbs. marketable tubers per acre. 

Yield, unsprayed, 142 bu. 23 lbs. marketable tubers per acre. 

Gain, 47 bu. 29 lbs. marketable tubers per acre. 

There was no loss from rot. The yield of small potatoes was 

at the rate of 6 bu. 9 dbs. per acre on the sprayed rows and 

5 bu. 36 lbs. per acre on the unsprayed rows. 

At 40 cents per bushel, which was the market price at time 

of digging the test rows, 47 bu. 29 lbs. of potatoes would have a | 

value of $19. Subtracting $6.90, the expense of SPIAVINE there 

remains a net profit of $12.10 per acre. 

THE NICHOLS EXPERIMENT. 

This experiment was conducted by Daniel Dean, Nichols, Tioga 

County. Seventeen acres of potatoes were sprayed nine times 

with a “ Watson” potato sprayer drawn by two horses and 

spraying four rows at each passage with one nozzle per row in 

the first three sprayings and two nozzles per row in the later 

ones. The potatoes were in two fields. One field, containing 

- 6.5 acres, was planted with a varietv Irish Cobbler, while in the 
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other field, containing 10.5 acres, the two principal varieties were 

Rural New Yorker No. 2 and Uncle Sam. In the-larger field, a 

strip of four rows in the variety Rural New Yorker No. 2 was left 

unsprayed. This portion of the field was planted May 26. 

The sprayed rows on both sides of the unsprayed strip were 

sprayed with bordeaux mixture nine times on the following dates, 

— July 6, 18, 21, 31, August 10, 22, 29 and September 4 and 11. 
The bordeaux contained six pounds of copper sulphate to fifty 

gallons of water with lime in moderate excess of the amount re- 

quired to satisfy the litmus paper test. Water for making the 

bordeaux was obtained from the Susquehanna River at a point 

50 rods from the smaller field and 130 rods from the larger one. 

The sprayer was driven directly into the river where the water 

was about two feet deep and the tank filled by means of a cistern 

pump. Upon arrival at the potato field about one-third of the 

water was pumped from the spray tank into the lime barrel. 

To the remainder, six pounds of copper sulphate in stock solu- 

tion were added and the spray tank refilled with fime water. 

Whenever “bugs” became numerous paris green -was added to 

the bordeaux while on the unsprayed rows “bugs” were con- 

trolled by four applications of paris green in lime water. Frequent 

showers about July 20 made it difficult to manage the “ bugs.” 

On August 2 Mr. Dean notified us that blight was developing 

rapidly on the unsprayed rows. When we examined the experi- 

ment on August 9 late blight was well established on the un- 

sprayed rows and there were traces of it also on the adjacent 

sprayed rows. On August 17 Mr. Dean reported that the blight was 

then spreading very slowly and on August 30 he wrote that there 

appeared to be but little difference between the sprayed and un- 

sprayed rows. During the first ten days of September the blight 

was more active than at any other time and the contrast between 

the sprayed and unsprayed rows became pronounced. Spraying 

prolonged the life of the plants about two weeks. Late blight 

was the only important disease in this experiment and there were 

very few flea beetles. 

The items of expense for spraying 17 acres 9 times were as 

follows: 

860; iDsesceppeér, sulphate (@ Gi2¢s «ica ef ae face ogee $53.32 

Ereight; cn copper sulphate. ..is.)). p02 ils oe 1.22 

7134 Ibs, paris green -@). 26¢ to. 226.) 2. Ue ee 20.55 
Litmus paper 

TD DR itive ee ia. ae Sire 4 Os Ok Ek Oi Ae nce ot 1.25 
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The total expense of spraying was $8.47 per acre or 94 cents 

per acre for each application. : 

The test rows were dug October 10. They were 670 feet long® 

by 3.5 feet wide, 18.45 rows being required to make an acre. 

The yields were as follows: 

Second sprayed row on the south, 687 lbs. marketable tubers. 

Second sprayed row on the north, 702 Ibs. marketable tubers. 

Average of middle two unsprayed rows, 599.5 lbs. marketable tubers. 

Vield, sprayed, 213 bu. 34 lbs. marketable tubers per acre. 

Yield, unsprayed, 153 bu. 36 Ibs. marketable tubers per acre. 

_ Gain, 59 bu. 58 lbs. marketable tubers per acre. 

There was no loss from rot except a few rotten tubers on the 

unsprayed rows. The yield of small potatoes was at the rate of 

20.6 bushels per acre for the sprayed rows and 21.2 bushels per 

acre for the unsprayed. 

At the time of digging the test rows potato buyers at Litch- 

field Station, one mile distant, were offering 45 cents per bushel 

for potatoes.? At this price the gain in this experiment would 

have a value of $26.98. After deducting the expense of spray- 

ing, which was $8.47 per acre, there remains a net profit of $18.51 

per acre. 

THE CORTLAND EXPERIMENT. 

This experiment was conducted by G. H. Hyde, Cortland, N. Y., 

who made a similar experiment for the Station in 1905. The 

* Mr. Dean thinks that a mistake was made in the length’ of the rows. 

He states that in the deed the width of this field is given as 40 rods. When 

the test rows were dug, about one rod at one end was rejected. This would 

make the length 39 rods or 643.5 ft. instead of 670 ft. and the gain from 

spraying somewhat larger. There being no opportunity to remeasure the 

length of the rows it has been thought best to use the original figures. 

* Most of Mr. Dean’s neighbors sold their potatoes in Sayre, Pa., five miles 

distant, at 50 cents per measured bushel, which is equal to about 52 cents 

by weight. Mr. Dean also sold gco bushels there in winter but was unable to 

do so at digging time for lack of time to handle his crop of 3,500 bushels. 
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experiment field contained eight acres of potatoes of the variety 

World’s Superior. The soil was a gravelly clay loam sufficiently 

rolling to give fair surface drainage. The potatoes were planted 

about May 15. ; : 

Three rows were left unsprayed for a check and the remainder 

of the field sprayed five times with bordeaux mixture of the 

6-6-60 formula. The sprayer used was the same one used in the 

1905 experiment, viz., a one-horse, four-row Watson potato 

sprayer. In the first two sprayings one Vermorel nozzle per row 

was used while in the last three sprayings when the vines were 

large two nozzles per row were used. The water required in the 

_ preparation of the bordeaux was conveniently obtained from a 

well a short distance from the field. The dates of spraying were 

July 3, 14, 31, August 9 and 21. Paris green was used with 

the bordeaux in the first two sprayings at the rate of one pound 

to sixty gallons. On the same dates, the unsprayed rows were 

treated twice with one pound of paris green in sixty gallons of 

lime water. So far as treatment for “bugs” is concerned the 

sprayed and unsprayed rows received identically the same care. 

Late blight was the principal enemy fought in this experiment. ° 

It was well established on the unsprayed rows as early as Au- 

gust 7 and before the close of the season injured them con- 

siderably. The contrast between the sprayed and unsprayed rows 

was so marked that even after the foliage was all dead the un- 

sprayed rows were distinguishable at a considerable distance. 

The items of expense for spraying eight acres of potatoes five 

times were as follows: 

2234 ..lbs.; copper: sulphatée@ \7@.se os 03s ok a ele oe Uh ae oe $22.61 

14“bbl: lime. @. $1.30; 2.47 ddi wk Whee. ee Ad ses ae 1.95 

sv Slbs. paris green’ @ 256 4662s vies weet ae a oe 3-75 

46°. hrs. labor, tor “man (@ vse7. Se eas eos ce ts ate ee 4.50 
30° hrs. ‘labor for horse @'10¢ hha a AA 3.00 - 

Wear‘ on itsprayer ca saoh Get Ae eo A eee Bs ck 5.00 

Total, tata Up ARO Fe HEE PI Se $40.81 

The total expense of spraying was $5.10 per acre or $1.02 

per acre fot each application. 

The test rows were dug with a potato digger on September 18. 

They were 1,243 feet long by 3 feet wide, 11.68. rows being 

required to make an acre. The yields were as follows: 

a ae an 
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Second sprayed row on the west, 1056% lbs. marketable tubers. 

Second sprayed row on the east, 915% lbs. marketable tubers. 

Middle unsprayed row, 892 lbs. marketable tubers. 

Yield, sprayed, 191 bu. 56 lbs. marketable tubers per acre. 

Yield, unsprayed, 173 bu. 38 lbs. marketable tubers per acre. 

Gain, 18 bu. 18 lbs. marketable. tubers per acre. 

These figures misrepresent the actual effect of spraying in the 

experiment; since the average yield per acre for the field was 

262.5 bushels, which is 70 bushels per acre more than the yield 

of the sprayed rows in the test. From the striking contrast in 

the appearance of the foliage on sprayed and unsprayed rows, 

we expected a difference of 60 bushels per acre or more; and were 

surprised to find the gain so small. There was evidently some 

unknown factor to influence the yield on the test rows. 

Only three rotten tubers were found in the test rows. 

The yield of small potatoes was at the rate of 10 bu. Io Ibs. 

per acre for the sprayed rows and 17 bu. 11 Ibs. per acre for 

the unsprayed rows. 

The market price of potatoes being fifty cents per bushel, 18 bu. 

18 lbs. would be worth $9.15. After deducting the expense of 

spraying, $5.10, there remains a net profit of $4.05 per acre. 

THE MEMPHIS EXPERIMENT. 

This experiment was conducted by Michael Bowes, Mem- 

phis, Onondaga County. Mr. Bowes sprayed 9% acres of potatoes 

four times with bordeaux mixture, using a home-made, four-row 

sprayer pumped by hand and drawn by one horse. The pump 

used was a common force pump and the nozzles (one for each 

row) were of the Vermorel type. Water for making the bordeaux 

was drawn to the field in barrels a distance of 130 rods. One 

man prepared the bordeaux while another did the spraying. The 

dates of spraying were July 12, August 2, 16 and 30. The quantity 

of bordeaux applied in each spraying was about 4o gallons per 

acre. 

“ Bugs ”’ became numerous before the spraying materials arrived. 

This necessitated going over the entire field once with paris 

green in water before spraying was begun. As this had nothing 

to do with the spraying for blight the expense is not included 

in the expense of spraying. The treatment was so successful that 
no further_use of poison was necessary. 

There were two unsprayed strips of four rows each. In the 

latter part of the season these unsprayed rows appeared some- 
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what inferior to the adjacent sprayed rows, but there was no 

marked contrast. Apparently, there was no blight of any im- 

portance. 

The items of expense for spraying 972 acres of potatoes four 

times were as follows: 

108. ! Ibs. copper sulphate -@ -7€ so 6. vin. was wie o's bp on sree oe $7.56 

P35. Sy Lbs Flittiey oe, ccc. sso kos cobcprce le dale GOR a ee Ga Ca et 2.00 

334. days’ labor for. horsey oe. V7 2. ee ee ee 4.00 

72 days. labor. for’ mans.) S21 UUeC Ls Bae ae eee 9.50 

Weartonisptayer 4012 io. 5). ee De ee eee » aes 4.00 

OCA Te widen ecka = 9.9 + ouceey Sop aepae 48 eikciak ccci aes out tee $27.06 

The total expense of spraying was $2.85 per acre or 71 cents 

per acre for each application. 

The test rows were dug with a potato digger on October 16. 

In both tests the rows were 825 feet long by 3 feet wide, 17.6 rows 

being required to make an acre. For want of time the ‘potatoes 

were not sorted. Accordingly, the yields given are total yields. 

Inasmuch as there are usually more small potatoes on the un- 

sprayed rows it is safe to assume in this experiment that the 

difference in yield of marketable tubers was as great, at least, as 

the difference in total yield. The yields were as follows: 

West test— Second sprayed row on the east, 710 lbs. 

Second sprayed row on the west, 717 lbs. 

Average of middle two unsprayed rows, 666% Ibs. 

Yield, sprayed, 209 bu. 17 Ibs. per acre. 

Yield, unsprayed, 195 bu. 30 lbs. per acre. 

Gain, 13 bu. 47 lbs. per acre. 

East test— Second sprayed row on the east,-726 lbs. 

Second sprayed row on the west, 646 lbs. 

Average of middle two unsprayed rows, 600% Ibs. 

Yield, sprayed, 201 bu. 14 lbs. per acre. 

Yield, unsprayed, 176 bu. 9 lbs. per acre. 

Gain, 25 bu. 5 lbs. per acre. 

There was no loss from rot in either test. 

In the east test the rows on the east side of the unsprayed 

strip were sprayed with soda bordeaux while those on the west 

side were sprayed with lime bordeaux. It appears that the tows 

sprayed with soda bordeaux outyielded those sprayed with lime 

bordeaux at the rate of 23 bu. 28 lbs. per acre. So. far as we 

can learn the test was a fair one except that a greater amount 
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of copper sulphate was used with the soda bordeaux. It was 

made by the formula, six pounds of copper sulphate, nine pounds 

of sal soda and fifty gallons of water, while the lime bordeaux 
was made with four pounds of copper sulphate, five pounds of 

lime and fifty gallons of water. These results should not be con- 

sidered conclusive proof of the superiority of soda bordeaux. 

In more thorough tests made at the Experiment station soda 

bordeaux proved inferior to lime bordeaux.'° 

Combining the results obtained in the two tests we have an 

average gain of 19 bu. 26 lbs. per acre, worth, at forty cents per 

bushel, $7.77. Subtracting $2.85, the expense of spraying, there 

remains a net profit of $4.92 per acre. 

THE OGDENSBURG EXPERIMENT. 

This experiment was conducted by Andrew Tuck, Ogdensburg, 

N. Y. It included two fields of potatoes, one of 4 acres and 

another of 2% acres. In both fields the surface drainage was 

good and the soil a sandy loam. ‘The variety of potato was Rural 

New Yorker No. 3. The smaller field was planted May 29 and 30 
and the larger one June 12 and 13. 

Both fields were sprayed with bordeaux mixture five times,— 

July 18, 25, August 13, 20 and September 4. The sprayer used 

was a new style Aspinwall potato sprayer drawn by one horse. 

Four rows were covered at each passage with one nozzle per row. 

The bordeaux mixture was made with six pounds of copper sul- 

phate to fifty gallons of water and sufficient lime added to satisfy 

the litmus paper test. Water was obtained from a nearby well. 

An unsprayed strip of three rows was left in each field. These 

rows were kept free from “bugs” by four applications of paris 

green in lime water. On the sprayed portions of both fields paris 

green was used with the bordeaux mixture in the first four 

sprayings at the rate of from two to four pounds to fifty gallons 

of bordeaux. During the season sixty-four pounds of paris green 

were used on the 6% acres. This free use of paris green was 

the cause of the expense running so high in this experiment. 

Both early and late blight were factors in this experiment. 

During the first two weeks in September there was considerable 

contrast between the sprayed and unsprayed rows owing to the 

greater amount of blight on the latter. 

1 See N. Y. Exp. Sta. Bul. 264:187; and Bul. 279:215. 



96 REPORT OF THE BOTANICAL DEPARTMENT OF THE 

The items of expense for spraying 6% acres five times were 

as follows: 

200° Ibs. ‘copper ‘sulphate (@".7¢.40.7)...'e: . Gee aA Rae Ree $14.00 
Witenes AON, SE ee Kt hie ge ame 1.00 

64) Ibs:paris igréen:@ 206 yacis ond.) eins Ohh ee 12.80 

40, hrs. Jabor.for man and horse @ 25¢.;... 4... . sss os ¢fe ene 
Wear One Sprayer... oo sc eeny soc cole wiacelp aren ok oll alesse de 1.25 . 

MOCO oi anise ps vrauaie e aAi be tie dae od whim oe eel ee $39.05 

The total expense of spraying was $6 per acre or $1.20 per 

acre for each application. 

The test rows were dug with a potato digger on October 16. 

In both fields they were 465 feet long by 2.4 feet wide, 39 rows 

being required to make an acre. The yields were as follows: 

In the 2\%4-acre field. — 

Second sprayed row on one side, 281 lbs. marketable tubers. 

Middle unsprayed row, 221 Ibs. marketable tubers. 

Yield, sprayed, 182 bu. 39 lbs. marketable tubers per acre. 

Yield, unsprayed, 143 bu. 39 lbs. marketable tubers per acre. 

Gain, 39 bu. marketable tubers per acre. 

The yield of small potatoes was at the rate of 12 bu. 21 lbs. per 

acre for the sprayed row and 14 bu. 18 lbs. per acre for the un- 

sprayed row. 

In the four-acre field.— 

Second sprayed row on the east, 379 lbs. marketable tubers. 

Second sprayed row on the west, 376 lbs. marketable tubers. 

Average of two sprayed rows, 377% Ibs. marketable tubers. 

Middle unsprayed row, 309 lbs. marketable tubers. 

Yield, sprayed, >45 bu. 22 lbs. marketable tubers per acre. 

 Vield, unsprayed, 200 bu. 51 lbs. marketable tubers per acre. 

Gain, 44 bu. 31 lbs. marketable tubers per acre. 

The yield of small potatoes in this test was at the rate of 

24 bu. 3 lbs. per acre for the sprayed rows and 27 bu. 18 Ibs. 

per acre for the unsprayed row. 

There was no loss from rot in either test. Combining the results 

obtained in the two tests we have an average gain of 4134 bu. per 

acre, worth, at fifty cents per bushel, $20.87. Subtracting from 

this sum $6, the expense of spraying, there remains a net profit of 

$14.87 per acre. 



New York AGRICULTURAL EXPERIMENT STATION. 97 

THE CHATEAUGAY EXPERIMENT, 

This experiment was conducted by Oliver Smith and Son, 
Chateaugay, Franklin County, who made a similar experiment 

for the Station in 1905. A field of 25 acres of potatoes, variety 

Uncle Sam, was sprayed all over three times and 20 acres of it a 
fourth time. The sprayer used was the same one used in the 

1905 experiment, viz., a one-horse “Iron Age” potato sprayer. 

Four rows were sprayed at each passage with two nozzles per 

row,— one a “ Vermorel” and the other a “ Bordeaux.” The 

quantity of bordeaux applied varied from 41 gallons per acre 

in the first spraying to 60 gallons per acre in the last spraying, 

the total amount used during the season being 4,825 gallons. 

The dates of spraying were as follows: Ist, July 6, 7, 10; 2d, July 

Pe ie, 16; 3d, August.6, 8, 9; 4th, August 22, 23. 

The bordeaux used was of the 6-6-50 formula. Water was ob- 

tained from a brook at one end of the field. By means of a small 

gasoline engine the water was pumped through 240 feet of iron 

pipe into a 75-gallon mixing tank on a platform. This arrangement 

greatly lightened the labor connected with the preparation of the 

bordeaux mixture and also saved a considerable amount of time. 

One man, doing all the work including the mixing of the bordeaux, 

could spray the entire 25 acres in from 14 to 15 hours. 

Three strips of three rows each were left unsprayed. The 

unsprayed rows received three applications of paris green in water 

to control “ bugs.” The sprayed portion of the field also was treated 

three times for “ bugs.’’ In the second spraying paris green was 

used with the bordeaux at the rate of two pounds to fifty gallons, 

while in the last two sprayings arsenite of soda was used at the 

rate of two quarts of the stock solution to fifty gallons of bordeaux. 

Early blight was abundant in this experiment and was only par- 

tially controlled by the spraying. In the latter part of_the season 

late blight, also, became a factor. No damage was done by flea 

beetles. | | 
The items of expense for spraying 25 acres three times and 20 

acres a fourth time, which is equivalent to spraying 95 acres once, 

were as follows: 

200 Ibs. copper sulphate @ 514¢...... BO oe eta oEh Sma ne ie $10.50 

PPMP ISTO CODDECH ISTP MALE Tete enlace cle aeons bce nis hadeeeallaeule ob -45 

mre mConner Stulphate ..634¢. 10.5 wicca njan.e mmals pin Hae Sale wre gin ee 2c).a 

Bere er Olle CODDET ASMA LO arias at ehh pehnus ania © ei vcle Miuaun vies .70 

MrT ati S TOT EEN. (OD TOF Wor )n pian. « disses Aus? alpen Ahi ga es Week eM oiale 2.52 

ELIMI 1 se OPCEN Is OG Wr ii kcal ale tre One Rabe Rad ania UMigMia ba s+ 6.cO 

4 



98 REPORT OF THE BOTANICAL DEPARTMENT OF THE 

30, lbs. arsenic '@. L0G. inate A; es ek A . $3.00 

Go’. Ibsrasal ‘soda Ya tae iy eae, © bees hake od cea 2.40 
2° bbls-tlinre (SLO Sees oa see ee Re eee 2 ae 

30° gals, gasoline “(@ 206 i esis. Oa Oa ee .60 

52) /hts., laborsfor man and thorse 1@ 26¢:) Jf... 2 ele. to ee 13.00 
Weir on Sptayetius. Yyioss cs nse'scts so Mods Vow ole Sua ee 10.CO 

Ota geile he ad kang ks Veveg Gees, Ree aee ahaa tee alt en $77.27 

From the above it appears that the expense of spraying was 81 

cents per acre for each application or $3.24 per acre for four ap- 

plications. | 
All three sets of test rows were dug with a potato digger on 

October 17 and 18 with the following results: 

West test—Rows 414 feet long by 3.1 feet wide; 33.94 rows 
per acre. 

Second sprayed row on the west, 252 lbs. marketable tubers. 

Second sprayed row on the east, 311 lbs. marketable tubers. 

Middle unsprayed row, 230 lbs. marketable tubers. 

Yield, sprayed, 159 bu. 14 lbs. marketable tubers per acre. 

Yield, unsprayed, 130 bu. 6 lbs. marketable tubers per acre. 

Gain, 29 bu. 8 lbs. marketable tubers per acre. 

There was no rot. The yield of small potatoes was 13% bu. 

per acre for the sprayed rows and 17%4 bu. per acre for the un- 

sprayed. 

Middle test—- Rows 1274 feet long by 3.1 feet wide; I1 rows 

per acre. 

Second sprayed row on the east, 764 lbs. marketable tubers. 

Second sprayed row on the west, 847 Ibs. marketable tubers. 

Middle unsprayed row, 546 lbs. marketable tubers. 

Vield, sprayed, 147 bu. 40 lbs. marketable tubers per acre. 

Yield, unsprayed, 100 bu. 6 lbs. marketable tubers per acre. 

Gain, 47 bu. 34 lbs. marketable tubers per acre. 

There was no rot. The yield of small potatoes was g bu. per 

acre for the sprayed rows and 12 bu. per acre for the unsprayed. 

East test— Rows 1274 feet long by 3.1 wide; II rows per acre. 

Second sprayed row on the east, 790 lbs. marketable tubers. 

Middle unsprayed row, 516 lbs. marketable tubers. 

Yield, sprayed, 144 bu. 50 lbs. marketable tubers per acre. 

Yield, unsprayed, 94 bu. 36 lbs. marketable tubers per acre. 

Gain, 50 bu. 14 lbs. marketable tubers per acre. 
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There was no rot. The yield of small potatoes was 724 bu. 

per acre for the sprayed rows and 8 bu. per acre for the unsprayed. 

Summary.— Combining the results of the three tests gives an 

average gain of 42 bu. 19 lbs. marketable tubers per acre. The 

market price of potatoes being 40 cents per bushel at the time of 

digging the test rows the gain would have a value of $16.92. Sub- 

tracting $3.24, the expense of spraying, there remains a net profit 

CJ $13.08 per acre. | 

THE PERU EXPERIMENT. 

This experiment was conducted by D. Clark, Peru, Clinton 

County, who made similar experiments for the Station in 1904 and 

1905. One field of four acres was sprayed four times and another 

of five acres five times. The four-acre field was planted June 14 

and 15, the other June 8. In both fields the variety was Green 

Mountain. — | 

The sprayer was the same as that used in previous experiments; 

namely, an “Aroostook” potato sprayer which is drawn by two 

horses and covers six rows at each passage with one nozzle per 

row. The bordeaux used was of the usual 6-4-50 formula. About 

25 gallons per acre were applied in each spraying. Water was ob- 

tained from a well near the smaller field and about 50 rods from 

the other one. 

The checks consisted of one unsprayed strip of three rows in 

the four-acre field and two unsprayed strips of three rows each in 

tiie five-acre field. In the four-acre field the check rows were 

treated once (July 31) with paris green in water, while on the 

sprayed portion of the fieid poison was used with the bordeaux in 

all four sprayings. In the five-acre field the checks received two 
applications of paris green in water for “‘ bugs” while the sprayed 

rows received poison in all five sprayings. ‘‘ Bugs” were plentiful 

and caused considerable injury in both fields. The check rows, not 

being properly protected, were more injured than the sprayed rows, 

so that a part of the difference in yield between the sprayed and 

unsprayed rows is due to “ bugs” and cannot be credited to spray- 

ing. It is a question whether this experiment should be included 

in making up the averages. 

Early blight, late blight and flea beetles were all factors in this 

experiment, late blight being the most destructive of the three. 

_However, there was not at any time a very marked contrast between 

the sprayed and unsprayed rows. 



100 REPORT OF THE BOTANICAL DEPARTMENT OF THE 
, 

e 

The items of expense for spraying four acres four times and five 
acres five times were as follows: 

123.Ibs’ copper sulphate’ @8¢ .\00 VO $9.84 
S2ilbs. lime: @iore Sl. SUA eh, a ae .82 
14) lbs., paris: green’ @i25¢ oe.u. cisvcs bo. BO. Lee eee 3.50 
20; Ibs. arsenate of lead @ 206... 0.) 2. ion aie seine e ecue oa 4.00 
23 hrs. Jabor, man’ and. team, @ 306... 04 .-044,4 ure 6.90 
Wear On Sprayer: os. sc cscs nt o Bt eo Ot ene 5.00 

Ota es ose Salts wale nk iy ae A a $30.06 

The average total cost of spraying was $3.34 per acre or 73 cents 
per acre for each application. 

The test rows were dug October 19 with the following results: 
Four-acre field— The rows were 851 feet long by 3 feet wide, 

17.06 rows being required to: make an acre. The yields were as 

follows: . 

Second sprayed row on the east, 591 lbs. marketable tubers. 

Second sprayed row on the west, 507 lbs. marketable tubers. 

Middle unsprayed row, 477 lbs. marketable tubers. 

Yield, sprayed, 156 bu. 6 lbs. marketable tubers per acre. 

Yield, unsprayed, 135 bu. 38 lbs. marketable tubers per acre. 

Gain, 20 bu. 28 lbs. marketable tubers per acre. 

There was some rot in this experiment, but the rotten tubers 

were not measured. It was estimated that the loss from rot was 

17 bushels per acre on the unsprayed row and about 4 bushels per 

acre on the sprayed rows. ‘The yield of small potatoes was at the 

rate of 18.8 bu. per acre for the sprayed and 8.5 bu. Ae acre for 

the unsprayed. 
Five-acre field; west test— The rows were 295 feet fc by 3 

feet wide, 49.22 rows being required to make an acre. The yields 

were as follows: 

Second sprayed row on the west, 208 Ibs. marketable tubers. 

Second sprayed row on the east, 222 Ibs. marketable tubers. 

Middle unsprayed row, 164 lbs. marketable tubers. 

Yield, sprayed, 176 bu. 22 Ibs. marketable tubers per acre. 

Yield, unsprayed, 134 bu. 32 lbs. marketable tubers per acre. 

Gain, 41 bu. 50 lbs. marketable tubers per acre. 

_ There was no loss from rot. The yield of small potatoes was 

at the rate of 6.1 bu. per acre for the sprayed rows and 9.8 bu. per 

acre for the unsprayed. 
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Five-acre field; east test The rows were 409 feet long by 3 
feet wide, 35.5 rows being required to make an acre. The yields 
were as follows: 

Second sprayed row on the west, 353 lbs. marketable tubers. 

Second sprayed row on the east, 342 lbs. marketable tubers. 

Middle unsprayed row, 293 lbs. marketable tubers per acre. 

Yield, sprayed, 205 bu. 36 lbs. marketable tubers per acre. 

Yield, unsprayed, 173 bu. 21 lbs. marketable tubers per acre. 

Gain, 32 bu. 15 lbs. marketable tubers per acre. 

There was no loss from rot. The yield of small potatoes was at 

the rate of 10.6 bu. per acre for the sprayed rows and 15.4 bu. 
per acre for the unsprayed. 

Combining the results obtained in the three tests we have an 
average gain of 31 bu. 31 lbs. marketable tubers per acre. The 

market price of potatoes being 40 cents per bushel the value of the 

gain would be $12.60. After. deducting $3.34, the expense of spray- 

ing, there remains a net profit of $0.26 per acre. 

THE HEBRON EXPERIMENT. 

This experiment was conducted by W. B. Shaw, Hebron, 

Washington County, who made a similar experiment for the 

Station in 1905. The experiment field had an area of about five 

acres. It was in a rather low situation and a small stream divided 

it into three irregular plats. In two of the plats the soil was 

sandy loam and in the third slaty loam. All three plats were 

planted with an unknown variety of late potatoes. 

The spraying outfit was similar to the one used in the 1905 

experiment. It was a home-made rig consisting of an Empire 

King barrel spray pump mounted in a fifty-gallon barrel on a 
two-wheeled, one-horse cart. The total cost of it was about $20. 

One man on the cart drove and worked the pump while two 

other men walking behind the cart directed the nozzles attached 

at the ends of two long leads of hose from the spray pump. Four 

rows were sprayed at each passage through the field. This 

method of spraying is known as the two-hose-and-three-men 
method. The bordeaux used was of the 6-6-50 formula and the 

water required in making it was obtained from the brook which 

ran through the field. The field was sprayed three times — 
July 13-14, 31 and August 13-14. In the first spraying the quan- 
tity of bordeaux applied was about 50 gallons per acre; in the 

second and third sprayings about 67 gallons per acre. A check 

_ of three unsprayed rows was left in each of the plats. 



102 REPORT OF THE BOTANICAL DEPARTMENT OF THE 

On August 22 there was not even a trace of late blight in this 
experiment. It seems. to have been lacking throughout the 

season. There was some early blight. Flea beetles were very 

numerous and destructive. “ Bugs,” also, were very trouble- 

some. Although the check rows were treated four times with 

paris green applied by means of a powder gun they were some- 

what more injured by “bugs” than were the sprayed rows 

which received paris green twice only. 

The items of expense for spraying 5 acres of potatoes 3 times 
were as follows: 

rro lbs, ‘copper sulphate @'6.G8 2700. DR, he ee oe $7.59 
130.1bs: Time! @ iE ivi don ba ie eats a ane en 1 CIOS ae 1.30 

5 lbs. iparis green @:25¢. 2.5) fi. eae i: alleen, So ae 1.25 

PIB. paris green vZ0E 14-5 obvi slisaecea’c wick nla y Galoe aie bends ene 30 

49 -hrs, labor, for man: @. 156; ...). 0% oar wie ha de ee 7 a0) 
16 ‘hfs.,labor for, horse: (@" 10@\') .0 95 4 oe ok ina chee ee 1.60 

Wear’ Olt SPrAver jl Sat eee Se re ey ce ee ee 2.00 

LOLA Les lace beoke Brae oie Godin ht oie Oe a) GA Thad aya sn cee ete ee $21.24 

The total expense of spraying was $4.24 per acre or $1.41 per 

acre for each application. The test rows were dug by hand on 

October 23 with the following results: 
Test No. 1.— The rows were 313 ft. long by 32 in. wide, 52.19 

tows being required to make an acre. The yields were as follows: 

Second sprayed row on the south, 169 lbs. marketable tubers. 

Second sprayed row on the north, 152 lbs. marketable tubers. 

Middle unsprayed row, 72 lbs. marketable tubers. ° 

Yield, sprayed, 139 bu. 36 lbs. marketable tubers per acre. 

Vield, unsprayed, 62 bu. 38 lbs. marketable tubers per acre. 

Gain, 76 bu. 58 lbs. marketable tubers per acre. 

There was no rot. The yield of small potatoes was at the 

rate of 21.3 bushels per acre for the sprayed rows and 30.4 

bushels per acre for the unsprayed. | 

Test No. 2.— The rows were 260 ft. long by 32 in. wide, 62.82 

rows being required to make anacre. The yields were as follows: 

Second sprayed row on the west, 131 lbs. marketable tubers. 

Second sprayed row on the east, 116 lbs. marketable tubers. 

Middle unsprayed row, 64 Ibs. marketable tubers. 

Yield, sprayed, 129 bu. 18 lbs. marketable tubers per acre. 

Yield, unsprayed, 66 bu. 59 lbs. marketable tubers per acre. 

Gain, 62 bu. t9 lbs. marketable tubers per acre. | 
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There was no rot. The yield of small potatoes was at the rate 

of 16.7 bushels per acre for the sprayed rows and 24.8 bushels 

per acre for the unsprayed. 

Test No. 3— The rows were 374 ft. long by 32 in. wide, 43.66 
rows being required to make anacre. The yields were as follows: 

Second sprayed row on the south, 167 lbs. marketable tubers. 

Second sprayed row on the north, 182 Ibs. marketable tubers. 
Middle unsprayed row, 54 lbs. marketable tubers. 

Yield, sprayed, 126 bu. 58 lbs. marketable tubers per acre. 

Yield, unsprayed, 39-bu. 18 lbs. marketable tubers per acre. 

Gain, 87 bu. 40 Ibs. marketable tubers per acre. 

There was no rot. The yield of small potatoes was at the rate 

of 16 bushels per acre for the sprayed rows and 25.5 bushels per 

acre for the unsprayed. 

By combining the results of the three tests the average gain 

is found to be 75 bu. 39 lbs. marketable tubers per acre. Spray- 

ing increased the yield 134 per ct. At 40 cents per bushel, the 

market price at time of digging the test rows, the gain would have 

a value of $30. 26. After deducting $4.24, the expense of spraying, 

there remains a net profit of $26.02 per acre. 

THE WOODBURY EXPERIMENT. 

This experiment was conducted by A. and F. Van Sise, Wood- 

bury, Long Island. It included two fields of potatoes, one of 
3.75 acres and another of 5 acres. ‘The potatoes were of the 

variety Green Mountain. Both fields were sprayed with bor- 

deaux mixture three times — June II, 25 and July 14. The spray- 

ing outfit used was a home-made one consisting of a Spramotor 

hand pump mounted in a 50-gallon barrel on a two-wheeled, one- 

horse cart. The eight nozzles (two for each of four rows) were 

catried on a Spramotor telescoping-pipe attachment at the rear 

of the cart. One man did both the pumping and the driving. 

Another man assisted with the preparation of the bordeaux mix- 

ture. The water required for making the bordeaux was obtained 

from a pond adjoining the smaller field but about sixty rods 

from the larger one. About 85 gallons of bordeaux mixture per 

acre were applied in each spraying. 

Four unsprayed rows were left in each field. ‘These were 

kept free from “bugs” by two applications of paris green in 

water made on June 11 and 25. On the same dates paris green 
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was applied to the adjacent sprayed rows with the bordeaux 
mixture in the first two sprayings. Messrs. Van Sise were of 

the opinion that the paris green was more effective where used 
with’ water than where used with bordeaux. The writers did 

not see the experiment at the time when this point could be 

determined, but from observations on numerous other experi- 
ments we have reached a directly opposite conclusion. 

On July 17 a thorough examination was made of both fields. In 
the smaller field the plants almost completely covered the ground 

and were looking well. They were thoroughly covered with bor- 

deaux showing that the spraying of July 14 had been well done. 

It was evident that “ bugs” had done no damage to the unsprayed 

rows. There was no early blight whatever and only a trace of late 

blight. In walking the entire length of the unsprayed rows only 

four leaves affected with late blight could be found. Flea beetles 
were very numerous and were just beginning to injure the plants. 

They had injured the unsprayed rows slightly more than the sprayed 

ones, but this was the only observable difference between the 

sprayed and unsprayed rows at this time. 

In the larger field the vines did not yet cover the ground. The 

sprayed and unsprayed rows were practically alike in general ap- 

pearance. Both had been considerably injured by flea beetles which 

were very numerous. On the unsprayed rows there was a little 

early blight and a little late blight. Twenty-five leaves affected with 

the latter disease were found. The sprayed rows were entirely 

free from both diseases. No damage had been done by “ bugs.” 

Subsequently, there was much damage. done by flea beetles and 

considerable by late blight in both fields. We are of the opinion 

that a fourth spraying made about July 25 would have largely in- 

creased the net profit in this experiment, but the owners were unable 

to make it owing to the pressure of other work. 

The items of expense for spraying 8.75 acres three times were 

as follows: , 

174 lbs./copper ‘sulphate. @°6'4F: .\...'. Lue ene. sc ee hae ale $11.31 

PRBS 5 PLA ee treanetans aie on hes Se leet dee LI 2 iit ieee 1.35 

25 vilbs.! paris ereem @i25¢ bees « Baw shee cd chee seed cle Ve 7.00 

29 thrs.labor: for man andshorse@ 306 wie!) <b) es ype eee 8.70 
209 hrsz labor, for).extra:man @nis¢s s,s ors eee 3.00 

Wear of sprayers! iia Wel eka bt acs (lel 3 Gti «ye 2.25 
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The total expense of spraying was $3.84 per acre or $1.28 per 

acre for each application. 

The test rows were dug November 3 with the following results: 

In the smaller field.—-'The test rows were 433 ft. long by 3, ft. 

wide, 33.53 rows being required to make an acre. The yields were 

as follows: 

Second sprayed row on the north, 440 lbs. marketable tubers. 

Second sprayed row on the south, 429.5 lbs. marketable tubers. 

Average of middle two unsprayed rows, 347.25 lbs. marketable tubers. 

Yield, sprayed, 242 bu. 57 lbs. marketable tubers per acre. 

Yield, unsprayed, 194 bu. 3 lbs. marketable tubers per acre. 

Gain, 48 bu. 54 lbs. marketable tubers per acre. 

There was no loss from rot. The yield of small potatoes was 

at the rate of 15.5 bu. per acre for the sprayed rows and 24 bu. 
per acre for the unsprayed. 

In the larger field—— The test rows in this field were 590 ft. long 

by 3 ft. wide, 24.61 rows being required to make an acre. The 

yields were as follows: 

Second sprayed row on the north, 467 lbs. marketable tubers. 

Second sprayed row on the south, 350.5 Ibs. marketable tubers. 

Average of the middle two unsprayed rows, 351 lbs. marketable tubers. 

Yield, sprayed, 167 bu. 39 lbs. marketable tubers per acre. 

Yield, unsprayed, 143 bu. 58 lbs. marketable tubers per acre. 

Gain, 23 bu. 41 lbs. marketable tubers per acre. 

There was no loss from rot. The yield of small potatoes was at 

the rate of 19.4 bu. per acre for the sprayed rows and 24.6 bu. 

per acre for the unsprayed. We are unable to account for the 

low yield of the second sprayed row on the south. This row was 

handicapped in some way, but just how it has been impossible to 

discover. Probably this test is unreliable and it is a question 

whether the results should be included. ) 

Summary.— Combining the results of the two tests we have an 

average gain of 36 bu. 18 lbs. marketable tubers per acre. At the 

time of digging the test rows the market price of potatoes in New 

York was $2 per barrel of 156 lbs. After deducting 30 cents per 
_ barrel for expense of marketing, the net price would be $1.70 per 

barrel, which is about 65 cents per bushel. At this price 36 bu. 18 

Ibs. of potatoes would have a value of $23.60. Subtracting $3.48, 

the expense of spraying, there remains a net profit of $19.76 per 

acre. 
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THE RIVERHEAD EXPERIMENT. — 

This experiment was conducted by Ira M. Young, Riverhead, 

Long Island. Mr. Young sprayed 45 acres of potatoes all over four 

times and one lot of nine acres a fifth time. The potatoes were 

of the variety Green Mountain. The soil was sandy loam. The 

sprayer used was a Hudson four-row sprayer drawn by one horse. 

The entire acreage lay within a short distance of the wells from 

which was obtained the water required in the preparation of the | 

bordeaux. A part of the water used (75 barrels) was purchased at 

three cents per barrel. 

Unsprayed strips of four rows each were left in three different 

lots. The sprayed rows adjacent to the unsprayed strips were | 

sprayed on the following dates: In Lot I, June 13, 29, July 25 and 

31; in Lot II, June 15, July 19, 27 and August 6; in Lot III, June 

12, 27, July 21, 26 and August 1. In all three lots poison was 

applied to the unsprayed rows on the same dates on which the 

sprayed rows received bordeaux and poison. “ Bugs” were kept 

under complete control on the unsprayed rows as well as on the 

sprayed. : 

After spraying was begun we saw this experiment only once, 

namely, on July 20. At that time the conditions were as follows: 

In Lot I the vines did not yet cover the ground. Early blight and 

late blight were both entirely absent. There were some flea beetles 
but not many. The sprayed rows were indistinguishable from the 

unsprayed ones. 

In Lot II the vines covered the ground well over the west third 

of the test rows. Here late blight was commencing on the un- 

sprayed rows and there were traces of it, also, among the sprayed 

plants. Over the east two-thirds of the test rows the soil was 

lighter and the vines smaller. Here there was no blight, but flea 

beetles were becoming injurious. However, there was nowhere 

any material difference in appearance between the sprayed and 

unsprayed rows. ‘There was no early blight in thistot. 

In Lot III the vines were very large and covered the ground 

completely throughout the entire length of the test rows. There 

was no early blight here and only a few flea beetles, but late blight 

was thoroughly established on the sprayed as well as on the un- 

sprayed rows, the latter being somewhat the more affected. At a 

distance the field looked well, but a close examination revealed the 

fact that the lower leaves were considerably affected with blight. 

It was plain that this field had been neglected. It had been sprayed - 
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twice (June 12 and 27) and should have had a third spraying about 
July 7, but owing to the pressure of work in haying time it was 
postponed until July at. 

The items of expense for spraying 45 acres four times and g 
acres a fifth time (which is equivalent to spraying 189.acres once) 
were as follows: 

Pe eeapeer siiphate, (6.256. oo 6dvcc woe sawed los desc etackes $62.63 

Rte tA re hore dot, Se yuh fot AR wide Bee Aa, Sige 

Mere m i sarig’ Teer (One oe ek tld edd Ma wll we 19.20 

ume SETI HG) 6.250- oo) eel ek Sale bo oye eileen oly’ haba ee clan shee 4.€9 

RE CaN RMT SER PRL Br Sate Be oe te oO Dn Ot 

SINE RAMS RCR MEI BG o0 0 2 VA Ve siiclccoin dele sley Ma fee Sean testy ee o3 2.25 

Se teeenise labor for horse @pi0¢ss el duseaniceewt Pky 2h hale TEM vg cial ee eras 

SeeeReIAOr LOM MANNE se xy olor PME Aid oo WAL RECS ise aihrsde oly webs a7t7s 

AV ETS uray AGS. ONG OS GARE RAGS WSL Squats 5.00 

EO te okt, Li) SEN a MeL Agee earth «aI ote egiale $155.07 

The total expense of spraying was $3.44 per acre or 82 cents 

per acre for each application. 

The digging of the three sets of test rows showed the following 

results : | 

Lot J.— The test rows were 890 ft. long by. 3 ft. wide, 16.2 rows 

being required to make an acre. They were dug September 6. 

The yields were as follows: 

Second sprayed row on the west, 674.5 lbs. marketable tubers. 

Second sprayed row on the east, 650 lbs. marketable tubers. 

Average of middle two unsprayed rows, 614.5 Ibs. marketable tubers. 

Yield, sprayed, 178 bu. 48 lbs. marketable tubers per acre. 

Yield, unsprayed, 166 bu. 10 lbs. marketable tubers per acre. 

Gain, 12 bu. 38 lbs. marketable tubers per acre. 

There was no rot. The yield of small potatoes was at the rate 

of 28 bu. per acre on the sprayed rows and 29.7 bu. per acre on 

the unsprayed. 

Lot II— The test rows were 600 ft. long by 3 ft. wide, 24.2 rows 

being required to make an acre. They were dug September 6. 

The yields were as follows: 

Second sprayed row on the south, 450 lbs. marketable tubers. — 

Second sprayed row on the north, 477 lbs. marketable tubers. 

Average of middle two unsprayed rows, 458 lbs. marketable tubers. 

Yield, sprayed, 187 bu. 37 lbs. marketable tubers per acre. 

Vield, unsprayed, 184 bu. 44 lbs. marketable tubers per acre. 

Gain, 2 bu. 53 lbs. marketable tubers per acre. 
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There was no rot. The yield of small potatoes was at the rate of 

15.7 bu. per acre on the sprayed rows and 18.1 bu. per acre on the 

unsprayed. © 

Lot III.— The test rows were 686 ft. long by 3 ft. wide, 21.16 
rows being required to make an acre. There.is some doubt regard- 

ing the accuracy of the yields given below. No representative of 

the Station was present when the potatoes were dug and stored. 

About a month later when the weights were taken no one but the 
hired man knew how the potatoes were arranged. With so much 

late blight as there was in this lot it would seem that a larger gain 

in favor of spraying might be expected. The yields were as follows: 

Two sprayed rows, 948 Ibs. marketable tubers. _ 

Middle two unsprayed rows, 909 lbs. marketable tubers. 
Yield, sprayed, 167 bu. 10 lbs. marketable tubers per acre. 

Yield, unsprayed, 160 bu. 17 lbs. marketable tubers per acres 

Gain, 6 bu. 53 lbs. marketable tubers per acre. 

The average gain in the three tests was 7 bu. 28 lbs. marketable 
tubers per acre. At 55 cents per bushel, the market price at digging 
time, the value of the gain would be $4.10 per acre. After deducting 
$3.44, the expense of spraying, there remains a net profit of 66 

cents per acre. 

THE SAGAPONACK EXPERIMENT. 

This experiment was conducted by Paul Roesel, Sagaponack, 

Long Island. Mr. Roesel sprayed 21 acres of potatoes, of the 

variety Green Mountain, ten times with a two-horse, five-row 

Brown potato sprayer carrying one nozzle per row. 

The bordeaux used in this experiment was what is known as — 

soda bordeaux, because the copper sulphate is neutralized with sal 

soda instead of lime. It was prepared by the following formula L 

Copper) sulphate: d eee a Pe a i ae Se ee 6 pounds 

salvsoda Washing) soda) abo gel ae te eh ek 714 pounds 

AV GR ae ih ph eG Ni AS 20. aie ae ge 50 ~—s gallons 

Water for preparing the bordeaux was obtained from a well at 
one side of the field. One man drove the sprayer while another 

pumped water and prepared the bordeaux. The quantity of bor- 

deaux applied averaged about fifty gallons per acre in each spray- 

ing. The time required to spray the 21 acres varied from 7% to 9 

hours. The dates of spraying were as follows: June 21, 25, 29, 

July 5, 10-11, 16-17, 23, 26, 31 and August 4. Paris green for 
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“bugs”? was used with the bordeaux in the sprayings of June 25 
and July 5; and for flea beetles in the spraying of July 31. 
Two unsprayed strips of four rows each were left for checks. 

These rows were treated with paris green applied in dry form 

by means of a Leggett powder gun on June 22 and July 6 which 

was sufficient to control “ bugs ” thoroughly. 

On July 12 traces of late blight were found on some unsprayed 
early potatoes adjoining the experiment field, and a few days later 

it appeared on the check rows in the experiment. A thorough ex- 

amination of the experiment was made July 19. At this time there 

was no early blight, no flea beetles and no evidence of injury by 

“bugs;”’ but late blight was quite plentiful throughout the entire 

length of both unsprayed strips. On the north side of the field 

there was so much blight on the unsprayed rows that they were 

readily distinguishable from the sprayed rows. However, there was: 

some blight on the sprayed rows also. Eventually, there was a 

marked contrast between the sprayed and unsprayed rows. Most 

of this difference was due to the greater ravages of late blight on 
the unsprayed rows, but flea beetles, which appeared in the latter 

part of July, were also a factor. 

The items of expense for spraying 21 acres of potatoes Io times 

were as follows: 

Bee smeroacopper «Sulphate O:5€ iia) clei cisla vba beapsiote eed b sualaseievey $80.80 
Mer ins. Sal SOA (1). 1256... one ws,5 ches eos EU RETR BI ay A Mee 20.94 

SENET POSE SLCCT NID) ACCT eo eh Net i Nohy tie ad Ok vies ale biecodca eu atle bieie 43.50 

Moetemianor for Mati And tail @) A0F oe. ok we eee wei hess een cates 30.40 

emer iaor TOLrextra Wat) 156. ite a ek CUR a Le lew ae ele II.40 

PBL ECDC AWET Lents Cate Ceara Dire cle av plalod veh he Wylde So. <6 owen ys 15.00 

Ms Aletta ais Snr eo Ubi etna oe fats Sa'G b la'ee® ea? Qe oe $202.04 

The total expense of spraying was $9.62 per acre or 96 cents 

per acre for each application. 

One set of test rows was dug on September 14, the other on 

October 6. The results were as follows: 
East test. ‘The rows were 690 ft. long by 3 ft. wide, 21.04 rows 

being required to make an acre. The yields were as follows: 

Two sprayed rows (second one on each side), 1,768 lbs. marketable tubers. 

Middle two unsprayed rows, 710 lbs. marketable tubers. 

Yield, sprayed, 196 bu. 7 lbs. marketable tubers per acre. 

Yield, unsprayed, 124 bu. 29 lbs. marketable tubers per acre. 

Gain, 71 bu. 38 lbs. market tubers per acre. 
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There was no rot, even on the unsprayed rows. ‘The yield of 

small potatoes was at the rate of 19.7 bu. per acre on the sprayed » 

rows and 17 bu. per acre on the utisprayed. 

West test. The rows were 962 ft. long by 3 ft. wide, 15.1 rows 

being required to make an acre. The yields were as follows: 

Two sprayed rows (second one on each side), 1,768 lbs. marketable tubers. 

Middle two unsprayed rows, 1,052 Ibs. marketable tubers. 

Yield, sprayed, 222 bu. 28 lbs. marketable tubers per acre. 

Yield, unsprayed, 132 bu. 23 lbs. marketable tubers per acre. 

Gain, 90 bu. 5 lbs. marketable tubers per acre. 

There was no loss from rot either on the sprayed or the un- 

sprayed rows. The yield of small potatoes was at the rate of 8.4 

bu. per acre on the sprayed rows and 9.2 bu. per acre on the un- 

sprayed. 

By combining the results obtained in the two tests, the average 

gain in this experiment is found to be 80 bu. 51 Ibs. per acre. At 

the time of digging the east test the market price of potatoes in 

Bridgehampton was 60 cents per bushel, but when the west test 

was dug it had dropped to 55 cents. In computing the value of 

the gain an average price of 5714 cents per bushel has been used 

which makes it $46.49. After deducting $9.62, the expense of 
spraying, there remains a net profit of $36.87 per acre. 

Although the profit in this experiment was remarkably large, the 

experiment is believed to have been a perfectly fair one in all 

respects. 
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SUMMARY OF BUSINESS EXPERIMENTS IN 1906. 

Tit 

The principal features of the fifteen farmers’ business experi- 

ments are shown in the following table: 

Taste XIV.— SHow1ncG RESULTs oF BUSINESS EXPERIMENTS IN 1906. 

| 

Total Cost 
Number Increase | Net 

EXPERIMENT. b came of times in yield ee ae pee ae profit 
; sprayed. per acre. per dee spraying. | Pet acre. 

A. Bu. 
Chafee tir SOI. 10.4 5 49.8 $4 70 $0 94 $15 23 
Silver Springs.....| 22, 6 80.1 5 67 94 22.35 
Bataviadien . bra: 18 6 19.6 5i DZ 92 3 28 
Si leest GUN ae 13 5 29.1 4 74 95 6 92 
Odessa eta Pane: (hots) 5-6 47.5 6 90 ALS 12 10 
INTCROMS ears, « i: 17 9 60 8 47 94 18 51 
Coraltad yay. 20k 8 5 18 3 51004 1 02 4 05 
Memphis dsc. - 9.5 4 19.4 2°85 fal 4 92 
Ogdensburg...... G05 5 41.7 6 00 1,20 14 87 
Chateaugay....... 25 4 42.3 3 24 81 13 68 
Bers st, . 3 SE ae 9 4-5 Sits 3 34 73 9 26 
TEES effete Reg 5 gis: 75.6 4 24 1 41 26 02 
Woodbury. ss. 2... 8.7 3 36.3 3 84 1 28 19 76 
Riverhead........ 45 4-5 A. sing. Aa) 82 66 
Sagaponack...... 21 10 80.8 9 62 96 | Bus 

| | a 

Total area sprayed ir fifteen experiments, 225.6 acres. 

Average increase in yield per acre, 42.6 bushels. 

Average total cost of spraying per acre, $5.18. 

Average cost per acre for each spraying, 98.5 cents. 

Average net profit per acre, $13.80. 

SUMMARY OF BUSINESS EXPERIMENTS, 1903-1906. 

The following table shows the results of the farmers’ business 

experiments for four years, 1903 to 1906, inclusive: 

TABLE X V.— SHOWING RESULTS OF BUSINESS EXPERIMENTS, 1903-1900. 

Average Average | 
Number Total ees total cost #8 Average 

YEAR. of experi- area in “wield cost of per acre | net profit 
ments. sprayed. mead sae spraying for each per acre. 

P : per acre. | spraying. 

A. Bu. 
OO als Ara eae s@ 6 61.2 57 $4 98 $1 07 $23 47 
TRS OY A St ae 14 180 G2223 4 98 93 24 86 
LOSS ae a 13 160.7 46.5 4 25 98 20 04 
1906 mit Vac ee 15 225.6 42.6 des 9 85 13 89 

Average net profit for four years $20.51 per acre. 
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VOLUNTEER EXPERIMENTS. 

In 1904 the Station began collecting and recording the results of 
potato-spraying experiments made by farmers in all parts of the 

State. As these experiments are carried out entirely by the farm- 

ers themselves we call them volunteer expriments. It is probable 

that, in some cases, the yields, expense of spraying and other data 

given for the volunteer experiments are not as accurate as are those 

given for the farmers’ business experiments. Nevertheless, they 

are valuable. They supplement the regular business experiments. 

By bringing together the results of a large number of business 

experiments and volunteer experiments extending over several 

consecutive seasons the Station hopes to be able to answer definitely 

the question, Does it pay to spray potatoes in New York? We are 

under obligations to the many farmers who have assisted in this 

work and take this opportunity to express our appreciation of their 

services. The experiments are to be continued at least five years 

longer and it is hoped that we may continue to have the hearty 

cooperation of potato growers throughout the State. All who 

spray potatoes with bordeaux mixture are requested to leave a few 

rows unsprayed in order that it may be determined how much the 

yield is increased by spraying. The product of unsprayed and 

sprayed rows adjacent should be weighed or measured and the 

length of the rows measured so that the yields may be accurately 

determined. We cannot use experiments in which the yields have 

been only estimated. Neither can we use experiments in which the 

application of poison to the unsprayed rows has been neglected. 

In 1904, forty-one volunteer potato-spraying experiments were 

reported to the Station and the results published in Bulletin 264; 

while in 1905 fifty experiments were reported and published in Bul- 
letin 279. The following table shows the principal features of the 

sixty-two volunteer experiments reported in 1900: 
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REMARKS ON THE VOLUNTEER EXPERIMENTS IN 1906. 

The yields given in Table XVI are all based upon actual weight 
or measurement and refer to marketable tubers except in Experi- 
ments 30 and §2 in which the potatoes were not sorted. 

The expense of spraying as reported by the various experi- 

menters includes, in all cases, labor and the expense of materials 

for making the bordeaux mixture. In some cases an allowance 

for wear of the sprayer is included, and sometimes, also, poison for 

“bugs.” Because of this lack of uniformity in making up the ex- 

pense accounts the amounts given in Table XVI in the column 

headed, “Cost per acre for each spraying,’ do not admit of close 

comparison. 

Several of the experiments have interesting features which could 

not be shown in the table; hence they are presented here. 

Experiment No. 1.— Mr. C. M. Dennis, who conducted this ex- 

periment, reports that the unsprayed rows died about three weeks 

earlier than the sprayed portions of the field. They were not in- 

jured by “bugs.” There was a little loss from rot, amounting to 

2.5 bu. per acre on the sprayed row and 6.3 bu. per acre on the 

unsprayed row. The gain due to spraying was determined by 

comparing the yield of an unsprayed row 396 feet long with that 

of a nearby sprayed row of the same length, the potatoes being 

carefully weighed in both cases. The sprayed row yielded 458 

pounds, the unsprayed 247 pounds. 

Experiment No. 2.— This experiment was conducted by T. E. 
Martin, West Rush. Mr. Martin is an ardent advocate of spraying. 

In 1906, he sprayed 18 acres I5 times going over the rows in both 
directions each time. Although the spraying cost about $12 per 

acre it was highly profitable. The following account of Mr. 
Martin’s methods is an extract from a paper which he read before 

the Experimenters’ League at Ithaca, N. Y., Feb. 22, 1906. 

“Tn spraying, 331 55-gallon barrels of bordeaux mixture were 

applied to the crop, beginning July 2 and finishing September Io. 
About one ton of crystal sulphate of copper and 15 barrels of Ohio 
marblehead. stone lime were used, keeping stock solutions of both 
in readiness. Ferrocyanide of potassium, in an oil can, is ever at 

hand to test the mixture if there is any doubt about the copper not 

being neutralized. Lime in excess is always safe, yet, apparently, 

does not lessen the ‘ burning,’ or increase the efficiency of the bor- 

deaux. The standard formula of bordeaux is followed: 6 lbs. 
_ copper sulphate, 6 lbs. lime to 50 gallons of water. Two pounds 
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per acre of good paris green is added to the bordeaux, whenever 

the seasonable and persistent potato bugs arrive in destructive num- 

bers. This will, under favorable climatic conditions, appease their 
insatiable appetite by complete annihilation. It costs no more in 

labor and material to destroy these beetles before the potato plant 
is partially or wholly defoliated, than after the damage is done. 

If potatoes are allowed to be ravaged by insect pests, they receive 

a shock which is seldom recovered from, also disease is courted and 

allured to these raw, enfeebled plants. “Don’t lock the stable door 

after the horse is stolen.’ 
“In order to do effective spraying, each application should be 

made in opposite directions; two such sprayings will be called a 

double application. July 2oth the potato vines well covered the 

ground, and from this time on, at the beginning of each double 

application, all nozzles are directed to the left and down, at a 45 

degree angle, twice over field, then into the centers of the rows; 

twice over, and then the nozzles are all directed to the right and 
twice over; going reverse ways each time. This plan requires six 

single or three double applications, and the spray is directed against 

the potato-plant, from six different positions and angles, and at the 

completion of the sixth spraying, every part of each plant will re- 

ceive a film of copper plating from top to bottom. This spraying 

might be likened to the famous ‘enveloping and flanking move- 
ments’ of the Yankees of the East at Mukden. Twenty-three bar- 

rels of bordeaux made one double application. Thorough spraying 

cost us $12 per acre. One unsprayed row yielded 16 bu. of pota- 

‘toes. Next adjoining sprayed row yielded 23% bu. and yielding 

respectively 288 and 423 bushels per acre. By request of the 

Geneva Experiment Station, the spraying data was forwarded to 
Prof. F. C. Stewart, who computed the average gain due to 
spraying to be 127 bu. 29 lbs. per acre. Figuring this increase at 

40c per bushel, a gain of $51.00 per acre would result. Deducting 

$12.00, the cost of spraying, a profit of $39.00 per acre; would be 

realized as a net gain, and undoubtedly total on the whole crop a 

clear profit exceeding $600.00, due entirely to spraying; therefore, 

further argument is unnecessary. ‘ Facts are stubborn things.’ And 

there are other valuable benefits Bouied from spraying, aside from 

the increase in crop. 

“The sprayer used is a one-horse, two-wheeled, geared, home- 

made affair, on which is mounted a 3x5-inch Rumsey, double- 
acting force pump, air-chamber, 50 gal. spray barrel, revolving 

-- agitator, pressure gauge, relief valve and six bordeaux nozzles, for 
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as many rows. Nozzles are ahead of drive wheels. The gear and 

relief valve are so adjusted that the pump develops and maintains 

a 60 lb. to 80 lb. pressure.” 

It will be observed that according to Mr. Martin’s figures the 
gain from spraying was 135 bu. per acre instead of 127.5 as given 

in Table XVI. The rows were marked out with a 33-inch marker 

and the length being 924 ft. the number of rows required to make 

an acre would be 17.1, which is the number we have used in com- 

puting the yields. Mr. Martin states, however, that actual count 

shows that there were on the average 18 rows to the acre. He be- 

lieves that this comes about from the fact that the field was on a 

side hill and that in planting from the lower toward the upper side | 

the planter constantly slewed downhill a little so that the rows were 

brought closer together. 

It is noteworthy that the total yield of marketable potatoes on 

18 acres was 7510 bu., which is at the rate of 417 -+ bu. per acre. 

The variety was Sir Walter Raleigh. 

Experiment No. 3— Two men and one horse did the spraying | 

of the entire 20 acres in one day each time. The unsprayed rows 
blighted three weeks earlier than the sprayed. The unsprayed 

rows were not injured by “bugs.” There was no loss from rot. 

Experiment No. 4.— This experiment was conducted by Pardy 

Brothers near Plattsburgh. A strip of six rows was left unsprayed. 

A few rows on one side of the unsprayed rows were sprayed six 

times, but the greater part of the fygld was sprayed only five times. 

A row sprayed six times yielded at the rate of 235 bu. 12 lbs. per 

acre, while one of the unsprayed rows yielded only 122 bu. 41 Ibs., 

making the gain from spraying 112 bu. 31 lbs. per acre. A Station 

representative saw the unsprayed row dug and weighed, but the 

sprayed row had been dug before he arrived. However, he assisted 

in weighing the sprayed row. The sprayed and unsprayed rows had 

been treated alike in all respects except in the matter of spraying. 

The seed used in planting these rows consisted of cut pieces from 

large tubers. bs 

One other row, planted with whole small potatoes and sprayed 

six times, yielded only 170 bu. 49 lbs. per acre. This row stood 

next to the sprayed row which yielded 235 bu. 12 Ibs. per acre, and 

so far as known was treated like it in all respects except in the 
matter of seed. These two rows showed a difference in yield of 64 

bu. 23 Ibs. per acre in favor of the cut pieces from large tubers. 
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Another row sprayed only once yielded at the rate of 158 bu. 

37 lbs. per acre, which is 35 bu. 57 Ibs. more than the yield of the 
unsprayed row. 

anere was a severe attack of blight in this experiment, but no rot. 

Experiment No. 5.— The yields given in Table XVI are the aver- 

age of two tests. In one test, on the variety Green Mountain, the 

gain due to spraying was 85 bu. 15 lbs. per acre, while in the other 

test, which was on the variety Sir Walter Raleigh, it was 122 bu. 

27 lbs. per acre. The average gain in the two tests was 103 bu. 51 

Ibs. per acre. 

In both tests the unsprayed rows showed some blight August 15 

and ten days later were all black; while the sprayed rows remained 

green until they were killed by frost on September 15. “ Bugs” 

were in no way responsible for the large gain in the Sir Walter 

Raleigh test. Mr. Bernholz reports that “ bugs ”’ caused more dam- 

age to the sprayed rows than to the unsprayed ones. 

Experiment No. 6.— This experiment was made by W. L. Mc- 

Dermott, Riverhead, Long Island. Two applications of poison were 

made before spraying with bordeaux was begun. The dates of 

spraying were July 13, 20, 28, August 8, 14 and 24. The test rows 

were in the variety Gold Coin. They were dug and weighed No- 
vember 5 in the presence of a Station representative. The yields 

were as follows: 

Two sprayed rows, 1,110 lbs. — 2 4r bu. 31 lbs. per acre. 

Two unsprayed rows, 644.5 lbs. = 140 bu. 14 lbs. per acre. 

Gain, ror bu. 17 lbs. marketable tubers per acre. 

Experiment No. 7 The check consisted of two unsprayed rows 

faba the center of the field. The dates of spraying were July 

31, August 3 and 16. 

Experiment No. 8— There were three unsprayed rows, 419 feet 

long. These yielded 18 bushels, while three rows on both sides of 

the unsprayed strip yielded 28 bushels. On the unsprayed rows 

there were three bushels of rotten potatoes, but the sprayed portion 

of the field was free from rot and the potatoes kept well in storage. 

The cost of spraying materials was 40 cents per acre for each 

spraying. 

Experiment No. 9.— The items of expense for materials to spray 

5 acres 7 times and 8 acres 6 times were as follows: 

em DE SILI ALG a kl aie hs SAU da vin Da ldedd SONS Ol oc W aphecbas winder! «tale wbid $35 

16 Sacks lime .:...: Gai Sear gee te Fis Rn Unit Seales SE SRT oN ter Hey Si Rg ee 
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The unsprayed rows died about three weeks earlier than the 

sprayed. The test rows were dug by hand and much care taken 

to secure accurate weights. There was no rot on either the sprayed 

or the unsprayed rows. ‘The variety was Rural New Yorker No. 2. 

Experiment No. 10.— The unsprayed rows were dead three weeks 

before the sprayed ones. Mr. Sterling writes as follows: “ The 

spraying also lessened the work of digging by half as the rank 

foliage kept down the late grass and weeds. On the unsprayed 

rows the grass and weeds were very bad and made digging very 
difficult.” | 

Experiment No. I1.— Concerning the blight on the unsprayed 

rows Mr. Kirkland writes: * some blight was in evidence, but at 

no time was the attack virulent. Over the greater portion of the 

rows not much difference [between sprayed: and unsprayed] was 

noticeable until after August 20; then the contrast was plainly dis- 

cernible, but at no time was the contrast in appearance as sharply 

drawn as in 1905.” ‘There was no rot anywhere in the field. 

The items of expense for spraying 5 acres 6 times were as 

follows: 

3007 Ibs: copper sulphaté @ GI4E. i.e Ai ce bebe oe ame tee ee $19.50 

23) Ibs. paris green, @ 256". s/s a pee ble «oso niet Sys 

Freight Ot. ADOVE ' << 4 a/ace.» ja. « stele a (055 wialedealemnigh spouse enemies an sae aaa .28 

DOTS iss lela le'a fe nve, of a TaSeue fw laltwr'w wl or ailgiea les She he: Rds al it tet eta a ake FO ore 

s: brs. labor for man ‘(@ 12}4¢e0. £2. 1b5. asa. Ve eh, Wie oy neal ne 6.38 
si Hrs, labor for horse @ ?10¢! \h3..0k 245 4) = ee 8 ied 5.10 

Total hee als cee ok Sei ny SE ahs tee hata 4) Rae a Se $38.11 

Four rows were left unsprayed and the gain due to spraying was 

determined by comparing the yield of one of the middle unsprayed 
rows with the second sprayed row on one side. 

Experiment No. 12.— The total expense of spraying 13 acres six 

times,— labor, chemicals and allowance for wear of sprayer,— was 

$68.02. The unsprayed rows died about three weeks before the 

rest of the field. Mr. Doolittle states that in his neighborhood blight 

affected some fields more than others and that some of his neigh- 

bors, judging by the greenness of their own fields, doubted that 
spraying had been profitable for him. However, the test rows 
show that it was highly profitable. The yields were as follows: 

Sprayed row, 530 Ibs. = 256 bu. 31 lbs. per acre. 

Unsprayed row, 350 lbs. = 169 bu. 24 Ibs. per acre. 

ne 
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There was no loss from rot even on the unsprayed rows. 

Experiment No, 13.—The yields given in Table XVI are the 

average of two tests. In one test the yields were as follows: 

Two sprayed rows, 1,368 Ibs. = 293 bu. 6 lbs. per acre. 

Two unsprayed rows, 895 Ibs. = 191 bu. 45 lbs. per acre. 

Gain, tor bu. 2r lbs. marketable tubers per acre. 

In the other test the yields were as follows: 

Two sprayed rows, 703 Ibs. = 246 bu. 24 lbs. per acre. 

Two unsprayed rows, 515 lbs. — 180 bu. 30 lbs. per acre. 

Gain, 65 bu. 54.lbs. marketabie tubers per acre. 

In both tests the sprayed rows outlived the unsprayed ones about 

two weeks. 

The items of expense for spraying 16 acres 7 times were as 

follows : 

Rn mee Ceee SUTNALGT. ti. 1)lt arate. chin i Th baw os elke Roe Glee $49.84 

MMR INEIIIME eRnerg OPE eM a RNY Sale ie Go's) siulicts claveon he ¥elecele 7a 

EM EE a We Le ie el cGatc Outed hata: ave’ sic v vinipne Ss od @ Bice e este ees 33.60 

rE ene tee ean. ave mans tee oat AN ECA Sa INES $90.56 

Mr. Sager considers that the expense of at least two sprayings 

should be charged to the “ bugs.” 

A representative of the Station made a brief examination of this 

experiment August 30. We are of the opinion that the premature 

death of the unsprayed rows was due chiefly to late blight and flea 

beetles. 
Experiment No. 14.—Altogether 32 acres were sprayed but the 

test rows were in a two-acre field at some distance from the other 

30 acres. For spraying 32 acres 7 times 550 lbs. of copper sulphate 

and 5 bbls. of lime were required. The two-acre field in which the 

test was made contained 61 rows. The yield of 60 rows (58 sprayed 

and 2 unsprayed) was 22,340 lbs., which is at the rate of 189 bu. 

6 lbs. per acre; while the yield of the middle unsprayed row was 

208 Ibs. or 105 bu. 44 lbs. per acre. 
When we examined this experiment on July 19 the unsprayed 

rows were already so much affected with late blight that they 
were readily distinguishable from the sprayed rows throughout 

their whole length. 
Experiment No. 15.— There were four unsprayed rows which 

. were treated with poison in water at the same time that the 
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sprayed rows received poison so that sprayed and unsprayed 

rows had an equal chance in this respect. When we. saw the 

experiment on July I9 the unsprayed rows were nearly dead 

with late blight while the sprayed rows on both,sides were in 

full foliage and but slightly affected. The contrast in appear- 

ance was very striking. A representative of the Station assisted 

in digging and weighing the test rows. The yields were as 
follows: 

Two sprayed rows (second and third rows on the east), 

1,636 lbs. or 236 bu. 35 Ibs. per acre. 

Middle two unsprayed rows, 1,045 lbs. or 144 bu. 44 lbs. per 

acre. 

Experiment No. 17— The high cost of spraying in this experi- 

ment was partly due to the high price paid for copper sulphate, 

viz., 12% cents per pound. The unsprayed rows were quite 

badly affected with blight and the vines died before the pota- 
toes were mature. There was but little rot. The unsprayed 

rows were kept free from “bugs” by hand picking. 

Experiment No.*18.— There was scarcely any rot even on the un- 

sprayed rows. The expense of spraying was as follows: 

Spraying materials ih. 0)... ok ode. vu nab ecko wah ties 0s etd $4.00 
46% hrs. labor @ 2o¢.. EL Reeeree ree tr Pe eN ee ee 9.30 

Totaliss Sve): (NESTA 4 aia tee ite done Gate a et eae $13.30 

Experiment No. 19.— The yields given in: Table XVI are the 

average of two tests. In each test there were three unsprayed 

rows. The yield of the middle unsprayed row was compared 

with that of the first sprayed row on one side. The yields in 

the two tests were as follows: 

First test: Sprayed row, 270 lbs. = 182 bu. 45 lbs. per acre. 

Unsprayed row, 166 lbs. = 112 bu. 21 lbs. per acre. 

Gain, 70 bu. 24 lbs. marketable tubers per acre. 

Second test: Sprayed row, 316 lbs. —213 bu. 53 lbs. per acre. 

Unsprayed row, 217 lbs. = 146 bu. 52 lbs. per acre. 

Gain, 67 bu. rt lb. marketable tubers per acre. 

Experiment No. 20.— We made an examination of this experi- 

ment on August 8 and found late blight already well started on 

the four unsprayed rows and there was also a little on the 

sprayed rows. Mr. Brown states that the unsprayed rows were 
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completely killed by blight about the middle of August. The 
sprayed rows became affected about as soon, but on these the 

disease made much slower progress so that the plants continued 
green until the second week in September. 

Experiment No. 21.— The seven sprayings were made at intervals 

of one week. About 36 gallons of bordeaux per acre were used 

in each spraying. Mr. Chamberlain reports that the sprayed 

rows were quite green after the unsprayed rows were entirely 

dead from blight. 

Experiment No. 22.— The yields given in Table XVI are the 
average of three tests in three different fields as follows: 

Test No. 1.— Six sprayed rows, 1,330 Ibs. — 208 bu.-35 lbs. per acre. 

Six unsprayed rows, 930 lbs. — 145 bu. 51 lbs. per acre. 

Gain, 62 bu. 44 lbs. marketable tubers per acre. 

Test No. 2— One sprayed row, 1,232 lbs. — 246 bu. 24 lbs. per acre. 

_ One unsprayed row, 983 lbs. = 1096 bu. 36 lbs. per acre. 

Gain, 49 bu. 48 lbs. marketable tubers per acre. 

Test No. 3— Two sprayed rows, 505 Ibs.—=231 bu. 27 lbs. per acre. 

Two unsprayed rows, 367 lbs.— 168 bu. 12 lbs. per acre. 

Gain, 63 bu. 15 lbs. marketable tubers per acre. 

Mr. Hudson estimates that his total gain from spraying was 
1,500 bushels. In view of the results of the three tests we con- 

sider his estimate a conservative one. Judging from an exam- 

ination of this experiment made July 20 we are of the opinion 

that the increased yield on the sprayed rows was due to pro- 

tection against the ravages of late blight and flea beetles, chiefly 

the former. Mr. Hudson states that the sprayed rows outlived 

the unsprayed rows as follows: In Test No. 1, three weeks; 

in Test No. 2, two weeks; and in Test No. 3, 19,days. There 

was no rot in any of the tests. 

Experiment No. 23.—In this experiment there were three un- 

sprayed rows and the increase in yield was determined by com- 

paring the middle unsprayed row with the second sprayed row 

on each side. 

The dates of spraying were July 16, 25, August 6 and 17. In 

the first two sprayings bordeaux of the 6-6-50 formula was used, 

but in the last two sprayings the strength was increased to 

8-8-50.. Mr. Darling reports that the unsprayed rows began to 

show blight the second week in August and by August 25 were 

completely dead. The unsprayed rows were kept thoroughly 

free from “ bugs.” 



124 REPORT OF THE BOTANICAL DEPARTMENT OF THE 

The items of expense for spraying three acres four times were 

as follows: 

S4;lbs. ‘copper sulphate @)7¢. o.oo. ens buted aduie es iu) oe $5.88 

Sa tibs. inte sad sae ee ee ee eee .56 
Arsenite of) soda for! bugs 7 ay yee a a ae .60 

Labor: Van's. Gees Oh eileling by cc I ee ET Oe ei 4.00 

OTAL ene ego 't-a aki vip wit chy osama aus) Sistecar s Ac See) aie Nate ate at tr $11.04 

Experiment No. 24.— It is likely that a part of the gain in this 

experiment can not be properly credited to spraying. The un- 
sprayed rows were somewhat more injured by “bugs” which 
may have been due to the less thorough use of poison on the 

unsprayed rows. Mr. Driggs states that the sprayed rows re- 
ceived poison with the bordeaux on July 11, but as all of the 
“bugs” were not killed a second application of bordeaux and 
poison was made July 23. The unsprayed rows were treated 

with poison but once (about July 15) which seemed sufficient 

since the “bugs” were all killed. However, about a month 

later the unsprayed rows were again quite severely attacked 

while the sprayed rows were free from “ bugs.” 

Experiment No. 25.— When we saw this experiment August 18 

the three unsprayed rows were not distinguishable from the 

adjacent sprayed rows. Later there was some contrast, but 
Mr. Barry states that there was very little blight and no rot. 

Experiment No. 26.— Mr. Powell states that although there ap- 

peared to be very little blight and no injury from “bugs” the 
unsprayed rows died about two weeks earlier than the sprayed. 

There was no rot. 

Experiment No. 28.— The unsprayed rows were killed by blight 
about three weeks earlier than the sprayed rows. This experi- 

ment was made in a field of potatoes planted about the middle 
of June. The first spraying was made August 13. 

Experiment No. 29.—In this experiment the gain of nearly 

48 bushels per acre should be credited to the last three sprayings 

since in the first two sprayings the entire field was sprayed. 

Mr. Belden had already made the first two sprayings before 

receiving our letter requesting him to leave some unsprayed 

rows. Nevertheless, the sprayed rows outlived the check rows 

between two and three weeks. The expense for spraying mate- 

rials was $9. 

ae Ce a 
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Experiment No. 30.— Mr. Tuthill states that the yields reported 
for this experiment are for unsorted potatoes. If the potatoes 
had been sorted it is likely that the difference between the 
sprayed and unsprayed rows would have been somewhat greater 
because usually more small potatoes are found on the unsprayed 
rows. 

The sprayed rows retained a large part of their foliage about 
two weeks after the unsprayed rows were dead. There was 
very little rot. 

Expervment No. 31.— The yields given in Table XVI are the 
average of three tests as follows: 

Test No. 1— One sprayed row, 77 lbs. = 205 bu. 20 Ibs. per acre. 
One unsprayed row, 51 lbs. 136 bu. per acre. 
Gain, 69 bu. 20 Ibs. per acre. 

Test No. 2.— One sprayed row, 485 lbs. 173 bu. 28 Ibs. per acre. 
One unsprayed row, 354 lbs. — 126 bu. 37 lbs. per acre. 
Gain, 46 bu. 51 lbs. per acre. 

Test No. 3.— One sprayed row, 445 lbs. = 176 bu. 22 Ibs. per acre. 

One unsprayed row, 379 lbs. — 150 bu. 13 lbs. per acre. 

Gain, 26 bu. 9 Ibs. per acre. 

In the field containing Test No. 1 late blight started unusually 

early. From an examination of the conditions we incline to the - 

opinion that this early outbreak was traceable to refuse from a 

nearby potato pit in which diseased tubers had been stored. 

In Test No. 3 both the sprayed and unsprayed rows were 

killed by frost. Probably the gain would have been larger if 
frost had not come so early. 

Experiment No. 32.— The test rows in this experiment were 

80 rods long. The yields were as follows: 

Two sprayed rows, 2,550 lbs= 235 bu. 38 Ibs. per acre. 

Two unsprayed rows, 2,050 lbs.—= 189 bu. 27 Ibs. per acre. 

The expense for copper sulphate and lime was $13.45 and 

the labor is estimated at three days for man and team, or $0, 

making a total of $22.45. The “bugs” were kept under control 
on the sprayed rows by using arsenite of soda solution (arsenic 

and sal soda boiled together) with the bordeaux in the first 

three sprayings, and on the unsprayed rows by two applications 

of paris green in water. The bordeaux (6-6-50 formula) was ap- 

plied at the rate of about 50 gallons per acre in each spraying. 

Judging from Mr. Taylor’s report and from personal examina- 
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tion made August 31 we conclude that the smaller yield of the 

unsprayed rows was partly due to a mild attack of late blight 

and partly to a browning of the leaves resembling tip burn 

which seemed to have been partially prevented by spraying. 

Experiment No. 33.—It is reported that there was not much 

blight in this field except at one end and here the unsprayed row 

died earlier than the sprayed ones. The unsprayed row was not 

injured by “bugs” and there was no rot among the tubers. 
The total yield of marketable potatoes on eight acres was 1,826 

bushels or 228 -+ bushels per acre. 

Experiment No. 34.— Thirty barrels of bordeaux mixture were 

used in spraying the six acres seven times. In the spring of 

1906 Mr. Norris erected a “ bordeaux platform” which proved 

a great convenience and saved considerable time. With this 

arrangement he could fill his sprayer and be off for the field 

again in ten minutes, while by the old method of pumping water 

and filling the sprayer by hand at least thirty minutes were re- 

quired. We are under obligations to Mr. Norris for the descrip- 

tion and illustration of his platform shown in Plate II. 

The items of expense for spraying 6 acres 7 times were as 

follows: 

205 lbs. copper ‘sulphate @ ‘$144@...0 22059 a $10.76 

5 ‘De Thinte (D256). faa POOL Re, Oa Oe ee 1.25 

33 hts:olabor: for, man. @ ASF in... vs deen Wa» oe nile «nes 4.95 
83. hrs. Jabor for horse @ 106.1). os vce pide ekg ae bx sii ee 3.30 

ST OUAL Ne ae le a hohe e over ace he Bie Eonldinlo yiete'h va at aoe ete dey a tee ak on tae enn $20.26 

Mr. Norris states that the unsprayed rows showed blight 
about ten days earlier than the sprayed, but that there was not 

much blight at any time so that the contrast between sprayed 

and unsprayed rows was not great. There was no rot. 

Experiment No. 35.—In this experiment there were four un- 

sprayed rows. The gain due to spraying was determined by 

comparing the yield of four of the unsprayed rows with that 

of four sprayed rows nearby. The yields were as follows: 

Four sprayed rows, 3,360 lbs. = 248 bu. 47 Ibs. per acre. 

Four unsprayed rows, 2,790 lbs. = 206 bu. 35 Ibs. per acre. 

Gain, 42 bu. 12 lbs. marketable tubers per acre. 

We saw this experiment twice — July 18 and August 6. At 
the time of our first visit late blight was just beginning to appear 

here and there all along the unsprayed rows. ‘There was also a 



PLATE II.— BorpEAUx PLATFORM oF D. S. Norris, West Rusu, N. Y. 

The four barrels on the platform are for water only. They are connected, 

near the bottom, by a three-quarter-inch iron pipe. Water is pumped into the 

barrels by means of a windmill. In the bottom of the second barrel from the 

left is a discharge pipe fitted with a leather valve. By means of a lever-and- 

string device this valve may be opened and closed by a man standing on the 

ground. A stock solution of copper sulphate is kept in a barrel on the ground. 

A stock of lime paste is kept in another barrel, formerly on the ground, but 

since the photograph was taken it has been given a place on the platform 

and fitted with a discharge pipe so that the milk of lime may be drawn off 

into the spray barrel as required. 
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little early blight but no flea beetles. On August 6 we found 
the unsprayed rows dead and there was evidence that flea beetles 

had hastened their death. The sprayed rows still retained a 

part of their foliage. Mr. Foster states that the blight worked 
rapidly on the unsprayed rows during the latter half of July 

and that the sprayed portion of the field also became affected 

to some extent. However, at digging time only an occasional 

rotten tuber was found on the unsprayed rows and none what- 

ever on the sprayed rows. 

The items of expense for spraying I5 acres II times were as 

follows: 

mempsrrcopner sulphate, ( O.36 00... w ck ce cc bees we A Foils 8 ROC $62 . 37 

TDR Sie eae ES Bh Mr ag At NE a Ear Ro at 6.75 

eeeETOML IG PYECL (CD) 2OIGG. Fo ta OP Lk IE ees Bae 
eure: FOr Naty G20. +. dsc eee sie ees eth eed aw 26.40 

PEI NORE LON EATING) 20EU.8, Siuiwilid surelie fu wlks &Macted oqalle wetee Se 13.20 

RRERISTEDT AVON. 650. 23s ore oueia, wo rite Mindat A Meee LW Seite Aaa ie 15.00 

Ee net TORN tal Tone hin cA eiiies Pees db es beh Pi wae vad es daddies $146.25 

Experiment No. 36.— This experiment included two fields with 

four unsprayed rows in each field. The yields given in Table 

XVI are the average of two tests as follows: 

Test No. 1.— Four sprayed rows, 16 bu. = 108 bu. 12 lbs. per acre. 

Four unsprayed rows, 10 bu. — 67 bu. 37 lbs. per acre. 

Gain, 4o bu. 35 lbs. per acre. 

Test No. 2— Four sprayed rows, 18 bu. 162 bu. 46 lbs. per acre. 

Four unsprayed rows, 13 bu. 120 bu. 46 lbs. per acre. 

Gain, ‘el bu. per acre. 

In both tests there was considerable nse on the unsprayed 

rows but no rot among the tubers. 

Experiment No. 40.— The sprayer used in this experiment was 

the same one used in Experiment No. 9. Three rows 544 feet 

long were left unsprayed. 

Experiment No. 42.—The items of expense for spraying 6.5 

acres 5 times were as follows: 

BemrConner SHphate (7625. castes piniee Ri re SEs Maes eRe. a athlete $26.25 

Ne aig Cia larc in wiciienie Ae Re bb oinla « Self nk BE SRS ate Claas 3.50 
OY Gs SESS ce BO 0 Saale Cie GY eG ng CMBR. RCA AR can SALE 17.CO 
Wear on sprayer.-.........- eee Me OOD OF oe Ae ee pyr a ieee ee ae 5.00 

oh ENA ek a cA SOY RMRYENSEIE SPR TR Siac CARON Ge RAPE PDE BT $51.75 
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Experiment No. 43.—The unsprayed rows were severely at- 

tacked by blight and died two weeks earlier than the sprayed 

rows. Mr. Fleet states that there was no rot in sprayed or un- 

sprayed potatoes, notwithstanding the plants were killed by 

blight quickly and the soil very wet at the same time. 

Experiment No. 44.— Mr. Bennett expresses the opinion that 

it is unsafe to leave unsprayed rows in a sprayed field because 

of the tendency of blight to spread from the unsprayed rows to 

the sprayed ones. This was plainly the case in his experiment. 

He left three unsprayed rows at one side of the field near his 

barn. These rows became affected with late blight quite early. 

When we saw them on July 18 they were already nearly dead 

from blight and several sprayed rows next to them were also 

severely attacked while the field in general was searcely affected. 

It seems probable that fowls running among the plants assisted 

in spreading the spores of the blight fungus. 

The items of expense for spraying 4.75 acres 8 times were as 

follows: 

Bay Ibs. copper sulphates. < sual. «a Wades Fo eed sco a eee $15.10 

Lime. So. AS Fey ee eee ii WS ois eet 2.50 

4 days labor’ for man‘ and horse st 2. oe 2 12.00 

Totals icc eue ie 0 eet ® ate Hee epee: Les ee $20.60 

It is probable that the actual gain due to spraying was greater 

than is shown by the test rows. 

Experiment No. 45.— Six rows were left unsprayed. The’middle 

four unsprayed rows yielded 25 bushels marketable tubers while 

four sprayed rows adjacent yielded 30 bushels of marketable 

potatoes. Mr. Allen was.suprised to find so much difference in 

yield since there had been no difference in the appearance of 

the foliage on sprayed and unsprayed rows. ‘There seems to 

have been little or no blight in this experiment and there was 

no rot among the tubers. 

The items of expense for spraying 7 acres 4 times were as 

follows: 

216 IbS. copper. sulphate: @> 7146.2... 24.0.1 2. cc Se ee $16.20 
216) ibs)limé; @: 20. peri Cwtnis s.r. = a aerate oe eee -43 

¥2, ths, paris Seen i286 ie iiie. ds. <5 miacslate ale ot lor ae ee ae 3.36 
@ idays’WwOLk, Man and meanl sj.) 144. onda aut le 4S oad ada Oo 8.00 
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_ Experiment No. 47.— In this experiment there was a quite severe 

attack of late blight. We made two examinations during the 
season. On July 24 we found late blight just beginning to 
appear on the unsprayed rows. On September 7 there was a 

marked contrast between the sprayed and unsprayed rows — the 

former still retained most of their foliage while in some places 
the latter were almost bare. 

_ Two nozzles per row were used in the last three sprayings, 

when the quantity of bordeaux applied was about 60 gallons | 

per acre. 

Experiment No. 48.—A\though the field was sprayed three times 

the results obtained in this experiment should be credited to 

two sprayings, because no check rows were left until after the 

first spraying. Mr. Cook reports that there was only a trace 

of blight on the unsprayed rows and not much contrast in ap- 

pearance between the sprayed and unsprayed rows. Neither 

was there any rot among the tubers and absolutely no damage 

from “bugs” anywhere in the field. 
The expense account included the following items: 

epaeremne: sulphater@w7¢. Gait ts Bon os Send. EE WS ls the $6.30 

RENE 807 ol, on sara Oa Ree in tine) e a EME Ee een ei ON ee ey ede .40 

See Sealvot fOr sar andy teant: 25... weet es cee es wpe gs eee oe 5-25 

ES 9 SLT aa RR OE LAL Bea 3.00 

URS RUPMEM MAS 0221.) TEAS. Ea ls did Ao Male alate dara g aiwivn d ocalg palo rn ts $14.95 

Experiment No. 50.— When we saw this experiment on August 
20 there was already considerable contrast between the five un- 

sprayed rows and the adjacent sprayed ones owing to the more 

severe attack of late blight and flea beetles on the unsprayed 

rows. Evidently Mr. Mannix did a fairly thorough job of spray- 

ing and it is surprising that the gain from spraying was so small. 

The total expense of spraying, for labor and materials, was $12. 

Experiment No. 51.—The sprayed rows held their foliage a 

week or ten days longer than the unsprayed ones. 

Experiment No. 52.— The yields given in Table XVI are for un- 

sorted potatoes. Mr. Gott reports that there was little if any 

blight in his experiment and that there was scarcely any differ- 

ence in appearance of the foliage on the sprayed and unsprayed 

rows. Concerning the expense of the spraying Mr. Gott states 

-that the materials cost $18 and that the labor amounted to 

5 
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38 hours for one man and horse. Allowing 15 cents per hour 

for the man’s time and Io cents for that of the horse the expense 

for labor would be $9.50, which makes the total expense of 
spraying 13 acres 4 times $27.50. 

Experiment No. 55.— It is plainly unfair to spraying to include 

this experiment because the check rows were sprayed three 

times before the experiment began. Consequently, the gain of 

18 bu. 20 lbs. per acre should be credited to the last four spray- 
ings only. The dates of spraying were, June 22, July 5, 19, 

August 4, 10, 17 and September 1. Mr. Hitchings informs us 

that there was no late blight or rot and very little contrast 

between the sprayed and unsprayed rows. The test rows were 

in a two-acre field of the variety Carman No. 3. The average © 

yield for this field was 135 bushels per acre. 

Experiment No. 56.—Mr. Prole, who conducted this experi- 

ment, states that there was an unusually small amount of blight 

even on the unsprayed rows. During the last two weeks of 

growth the sprayed rows made a slightly better appearance than 

the unsprayed. Part of the spraying was done with one nozzle 

per row spraying five rows at a time and part of it with two 

nozzles per row spraying four rows at a time. 

Experiment No. 57.— The sprayer used was the same one used 

in Experiment No. 47. Mr. Salisbury states that there was very 

little late blight except at one end of the field, but that the plants 

died prematurely from some other cause. He thinks the yield . 

would have been larger if the potatoes had been planted later. 
They were planted May 17-22. 

Experiment No. 60.— Mr. Robert reports that there was scarcely 

any difference in appearance between sprayed and unsprayed 

rows in his experiment. There was very little if any blight, but 
both sprayed and unsprayed rows were somewhat affected with 

tip burn. The expense for materials and labor was $56.20. 

If we add to this an allowance for wear of the sprayer the 

expense of the spraying just about equals the value of the in- 

creased yield. 

Experiment No. 61.—There was no blight in this experiment. In 

1905 Mr. Brennan reported a gain of 209 bushels per acre due 

to spraying. 

Experiment No. 62.— Mr. Lyday states that the conditions for a 

large yield of potatoes have not been so favorable for many 

years as they were in 1906. During July and August frequent 
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rains followed by hot sultry weather led him to expect an attack 

of late blight, but for some reason it did not appear. In this 

experiment there was no blight at all. The dates of spraying 

Uwere july 6; 12, 23, 31, August 7, £3°and'28. 

SUMMARY OF VOLUNTEER EXPERIMENTS, 1904-1909. 

The following table shows the results obtained in the volun- 

teer experiments during the past three years —s1904 to 1906 

inclusive: 

Taste XVII— SwHowrnc Resutts oF VOLUNTEER EXPERIMENTS, 1904-1906. 
SS  ———— ————————EEEEEEEEE—EEEE——E—————E———E———E———————————_—_—_—_—_——————,, 

Average 
Average market price 

ee Number of Total area gain per acre per bushel 
experiments. sprayed. due to of potatoes 

spraying. at digging 
time. 

A. Bu. lbs. Gis: 
LOOM cay san tes fee es ow. 5 41 364 | 58 28 AS ID 
LE ESS ol Moe 50 407 | 59 32 57.0 
Sn hee pork ~ 62 598 | 53 6 44.5 

AN EXPERIMENT AT RIVERHEAD. 

The following experiment does not belong to any one of our 

three classes of potato-spraying experiments and so must be 

considered separately. It was conducted by F. A. Sirrine on a 

field of potatoes belonging to H. H. Hallock, Riverhead, Long 
Island. 

Forty-eight rows of potatoes covering an area of 2.07 acres, 

were divided into 12 plats of 4 rows each. Six plats were 

sprayed four times (June 25, July 10, 20 and 25) with a one- 
horse, four-row Hudson sprayer carrying two nozzles per row. 

The remaining six plats were left unsprayed for checks. The 

sprayed plats alternated with the unsprayed ones. The bor- 

deaux mixture was applied at the rate of about 4o gallons per 

acre in each spraying. No poison was used with it. “ Bugs” 

were kept well under control on sprayed and unsprayed plats 

alike. This part of the work was managed by the owner, Mr. 

Hallock. He applied paris green in dry form by means of a 

one-horse, four-row Leggett potato duster. 

The potatoes made a large growth of vines. Late blight ap- 

peared the second week in July and by July 20 was well estab- 

‘lished on the unsprayed rows. There was also some on the 
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sprayed rows. Ultimately, the sprayed rows as well as the un- 

sprayed ones were considerably injured by late blight, but it 

was plain that the unsprayed rows suffered most. The alterna- 
tion of the brown unsprayed strips with the green sprayed 

strips gave the experiment field a striped appearance. In the 

latter part of July flea beetles, also, became an important factor 

in the experiment. | 

At digging time the potatoes from the middle two rows of 
each plat were sorted into marketable tubers and culls and then 

weighed. The yields are shown in the following table: 

TABLE VIII.—SHoOWING YIELDS IN THE EXPERIMENT AT RIVERHEAD. 

YIELD OF TWO ROWS. YIELD PER ACRE. 

PEAT: Treatment. - 

Marketable. Culls. Marketable. Culls. 

Lbs. Lbs. Bu. lbs. | Bu. lbs. 
Uh... Ae eae Parag Check: 3.4. 08e<: 810 79 | 156 36 | 15 16 
Drain iee. calen Sprayed. ...243u4 998 TE. AV 192 ey fe eal oo 
Se 1 ig Sage aa CCK Steere 966 89 | 186 46. |, 47 12 
Oe ae Spraved faa «a4 1a i 48 | 220 55 9 ik? 
Daversa vets CCK ir ceeeesannete 1,036 62 | 200 Vi ek 59 
Osa reat: 2 SpPrayed. css 1,250 54 | 241 40 10 26 
Nea ots CCK ar te 5 eee 1,078 80 | 208 Phe e 28 
SSP erat Stabe sweine Spraved ¢.uuyveaen 1,230 60 | 237 48 | 11 38 
eric bie: eck.2 Fo fade} 14102 84 | 213 16 ie 
TORS ee ens Spravedasuiek. oe, 1,328 71 | 256 44 | 138 43 
La tts Pe 6CK Vicsuteth ot 1,054 86 | 203 46 | 16 37 
Lire Se & SPLAaVved se pees 1,278 64 | 247 Dale 22 

Yield, 12 sprayed rows, 7,225 Ibs. == 232 bu. 48 lbs. per acre. 
Yield, 12 unsprayed rows, 6.046 lbs.=194 bu. 49 lbs. per acre. 
Gain, 38 bu. marketable tubers per acre. 
There was no loss from rot. The greater yield of the sprayed 

plats was due to the prolongation of growth through spraying. 

POTATO TROUBLES IN NEW YORK IN 1906. 

Early blight, Alternaria solani, was more abundant in 1906 than | 

at any other time since these experiments were commenced in 

1902. In allparts of the State some fields suffered quite severely, 

but-the majority were only slightly, if at all, affected. In the 

latter part of the season many fields, including the ten-year ex- 

periment at Geneva, were much affected with a trouble which, 

by some, was mistaken for early blight. The margins and tips 

of the leaves became brown and dry as in the disease known as 

tip-burn. Lacking opportunity for a study of this disease we 

are unable to say positively what may have been the nature 
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of it. Probably it was a form of tip-burn although it appeared 

in some fields in which the plants surely were not suffering 

greatly from lack of water. Whatever the cause of the disease 

it was somewhat checked by spraying. In the ten-year experi- 

ment at Geneva and also in some of the farmers’ business ex- 

periments there was appreciably less of this trouble on the 

sprayed rows than on the unsprayed ones. 

Late blight, Phytophthora wfestans, made an early appearance 

in many fields in all parts of the State. M. H. Sayre, Water 

Mill, Long Island, is positive that he saw late blight in his field 

on June 22. ‘The first specimens actually seen by the writers 

were collected by Paul Roesel at Sagaponack, Long Island, 

July 11. On July 18 we visited Sagaponack, Bridgehampton 
and Southampton and saw several fields in which the late blight 

was already well established. In this region late blight usually 

appears earlier and is more destructive than in any other part 

of the State. Spraying is now well-nigh universal in this part 

of Long Island. Ina field at Baiting Hollow, on the north side 

of Long Island, late blight had already caused considerable 
damage by July 15. Some fields at Riverhead began to show 

the disease about this time. * 

Outside of Long Island the first: report of late blight came 

from Ontario County. F. A. Salisbury, Phelps, who: certainly 

knows late blight, states positively that he saw the disease in 

his garden on July 12. On July 24 we personally examined 

Mr. Salisbury’s garden and found late blight abundant; also in 
a neighboring field of late potatoes; but there was not yet any 

general outbreak of the disease in this part of the State. On 

_ July 30 we found late blight plentiful in a field of early potatoes 

at Montour Falls, Schuyler County. The first appearance of late 

blight in the ten-year experiment at Geneva was on August 4. 

Over the greater part of the State the latter half of August 
was dry and hot and the late blight was severely checked. Al- - 

though many fields were severely injured by late blight there 

was, on the whole, less damage than in any previous year during 

which these experiments have been conducted. Many fields were 

practically free from blight of all kinds. There was scarcely any 

loss from rot anywhere in the State, not even on Long Island 
where blight was severe and the ground wet at digging time. 

The flea beetle, Epitrix cucumeris, as usual gave some trouble to 
potatoes on Long Island early in the season and considerably 

_ more in the latter part of July. In various other places through- 



134 Report oF THE BOTANICAL DEPARTMENT OF THE 

out the State occasional fields were injured by flea beetles, but 

this trouble was by no means a general one. Taking the State 

as a whole, the loss due to flea beetles was perhaps about equal 

to that caused by early blight, while the loss from both these 

causes would not exceed that due to late blight. 

Colorado potato beetles or “ bugs,” Leptinotarsa decemlineata, 

presented no unusual features. The damages caused by them 

varied greatly in different localities and even in different fields 

in the same locality. This pest is a universal one and treatment — 

for it has become one of the regular operations of potato culture 

in New York. 

MAKING EXPERIMENTS IN 1907. 

During the season of 1907 the work on potato spraying will 

be carried forward along practically the same lines as in 1904, 

1905 and 1g06. The regular ten-year experiments at Geneva and 

Riverhead will be conducted again as usual; also, about fifteen 

farmers’ business experiments in different parts of the State. In 

addition, the Station hopes to secure again, as in the past, re- 

ports of numerous volunteer experiments — the more the better. 

Potato growers throughout the State are earnestly requested to 

make spraying experiments in 1907 and report the results to the 

Station. Whatever the outcome of the experiments, whether for 

or against spraying, the reports are desired, provided, of course, 

the experiments have been properly conducted. Upon request, 

the Station will supply blanks for making such reports. 

DIRECTIONS FOR SPRAYING.» 

In general, commence spraying when’the plants are six to 

eight inches high and repeat the treatment at intervals of 10 to 

14 days in order to keep the plants well covered with bordeaux 

throughout the season. During epidemics of blight it may be 

necessary to spray as often as once a week. Usually six applica- 

tions will be required. The bordeaux should contain four pounds 

of copper sulphate to each 50 gallons in the first two sprayings 

and six pounds to 50 gallons in subsequent sprayings. When- 

" Substantially the same as given in Bulletin 279, p. 228. The experiences 

of the past season do not warrant any material alteration in the recommenda- ~ 

tions there made. 
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ever bugs or flea beetles are plentiful add one to two pounds of 
paris green or two quarts of arsenite of soda stock solution to 

the quantity of bordeaux required to spray an acre.!? 

Thoroughness of ‘application is to be desired at all times, but 

is especially important when flea beetles are numerous or the 

weather favorable to blight. Using the same quantity of bor- 

deaux, frequent light applications are likely to be more effective 

than heavier applications made at long intervals; e. g., when a 
horse sprayer carrying but one nozzle per row is used, it is 

better to go over the plants once a week than to make a double 

spraying once in two weeks. A good plan is to use one nozzle 

per row in the early sprayings and two nozzles per row in the 

later ones. 

Those who wish to get along with three sprayings should post- 

pone the first one until there is danger of injury from bugs or 

flea beetles and then spray thoroughly with bordeaux and poison. 

The other two sprayings should likewise be thorough and ap- 

plied at such times as to keep the foliage protected as much as 

possible during the remainder of the season. Very satisfactory 

results may be obtained from three thorough sprayings. 

_ A single spraying is better than none and will usually be 

profitable, but more are better. Spraying may prove highly 
profitable even though the blight is only partially prevented. 

It is unsafe to postpone spraying until blight appears. Except, 

perhaps, on small areas, it does not pay to apply poison alone 

for bugs. When it is necessary to fight insects use bordeaux 
mixture and poison together. 

12 For the preparation of bordeaux mixture and the arsenite of soda solu- 

tion see Bulletin 243 of this Station. 



DODDER: IN“ALPALFATSERD? 

F. C. STEWART anp G. T. FRENCH. 

Dodder is a yellow, thread-like twining weed which is exceed- 
ingly troublesome in alfalfa fields. It appears in circular spots 

three to thirty feet or more in diameter. At the center of the 

spot the alfalfa is killed out while around the margin the ground 

is covered with a mat of yellow threads which twine closely 
about the stems of the alfalfa plants and slowly strangle them. 

The spots increase in size from year to year. Many fields have 

been completely ruined by dodder. It is not often injurious to 

other crops (except red clover), but once established in an alfalfa 

field it is very difficult to eradicate without killing the alfalfa. 

In most cases dodder gets into the field through the use of 

impure alfalfa or clover seed. Hence, it is of the utmost impor- 

tance that no dodder-infested seed be sown. ‘Since much of the 

alfalfa seed on the market in New York State is more or less 

infested with dodder it is often difficult to obtain dodder-free 

seed. The statements of seed dealers should not be relied upon. 

Most of the alfalfa seed in this State is handled by hardware 

merchants who, themselves, do not know dodder seed. As these 

seeds are much smaller than those of alfalfa they may be easily 

overlooked. Good-looking seed, otherwise clean, may be badly 
infested with dodder. Even so small an amount as one dodder 

seed per pound makes alfalfa seed dangerous to sow ae prop- 

erly cleaned. 

Farmers are advised to protect themselves against this weed; 

by sowing no alfalfa seed until it has been pronounced dodder- 
free by a seed expert or has been thoroughly sifted as directed 

below. ‘The safest method is to have the seed both analyzed 

and sifted. This Station will make analyses of alfalfa seed free 

of charge. Samples should contain at least one ounce of seed, 

taken from the bottom of the bag. The packages should be ad- 

dressed: Experiment Station, Geneva, N. Y.; and should be 

plainly marked with the name and address of the sender. 

* A reprint of Circular No. 8, new series. 



Fic. 2.— SEEDS OF DopDER AND ALFALFA: 

a. SMALL-SEEDED DODDER; SEEDED DODDER; Cc. ALFALFA, b. LARGE ’ 

Fic. 1.— ALFALFA PLANT INFESTED WITH DODDER. 

(After F. E. Dawley.) 

PLATE IIT, 
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ALFALFA SEED TO REMOVE DODDER PLATE IV.— Toots REQUIRED FOR SIFTING 

UPPER, HOME-MADE SIEVE I2 IN. SQUARE BY 3 IN. DEEP LOWER, 20X20 MESH . 
b 

WIRE CLOTH MADE OF NO. 34 STEEL WIRE. 

(Natural Size.) 
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At this time we wish to call particular attention to the desira- 

bility of hand-sifting alfalfa seed before sowing. Dodder seeds, 

being much smaller than those of alfalfa, are easily removed by 

sifting through a wire sieve having twenty meshes to the inch. 
Unfortunately, ready-made sieves of the proper kind are not 

readily obtainable at hardware stores, but a cheap, serviceable 

sieve for the purpose may be made by constructing a light 

wooden frame twelve inches square by three inches deep and 

tacking over the bottom of it 20 x 20 mesh steel-wire cloth made 
of No. 34 (W. & M. gauge) wire. Since few hardware dealers 

carry such wire cloth in stock the Station has found it necessary 

to have a quantity of it made to order. This has been placed 

in the hands of Dorchester & Rose, hardware merchants, Geneva, 

N. Y.; who will sell it (during 1907) at twenty cents per square » 

foot, postpaid. 
With such a sieve a man should be able to clean from three 

to seven bushels of seed per day. One-fourth to one-half pound 

of seed should be put into the sieve at a time and vigorously 

shaken during one-half minute. In order that: the work may 

be uniformly thorough the operator should use a cup holding 

not over one-half pound thereby making it impossible to get too 

large a quantity at one time. A watch should be kept constantly 

in sight and no more than two batches of seed should be sifted 

in one minute. «+ | 

_ If the seed is known to contain but little dodder, one sifting 

will do; but when there is much dodder and particularly if the 

dodder is of the large-seeded kind, two siftings, both made 

strictly in accordance with the above directions, are recom- 

mended. 

Our experiments indicate that by the above method almost 

any alfalfa seed on the market in this State may be made prac- 

tically free from dodder seed and safe to sow. Of course it is 

advisable to begin with seed as nearly free from dodder as can 

be conveniently obtained. Various other small weed seeds, 

broken seeds and dirt, as well as some of the smaller alfalfa 

seeds, also pass through the sieve. The quantity of siftings 

varies from one to five pounds per bushel according to the origi- 

nal cleanness of the seed and the thoroughness of sifting. It is 

believed that little if any real loss is sustained by the rejection 

of the siftings. 
How many different species of dodder may be found in alfalfa 

seed we do not know; but from the practical standpoint of their 
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removal by sifting they may be divided into two kinds; viz., 
small-seeded dodder and large-seeded dodder. Fortunately, the 

large-seeded kind is much the less common. Both kinds may be 

removed by sifting, but the large-seeded kind requires more 

care and a second sifting is recommended if it is abundant. The 

Station will furnish free samples of dodder seed upon request. 

Since the farmer has no means of determining whether he is 
removing all of the dodder it is absolutely necessary for him to 

follow directions closely, and care should be taken to secure the 

right kind of sieve. Those purchasing sieves or wire cloth for 

making sieves should see to it that they are actually 20x 20 mesh. 

This may be determined by placing a rule on the sieve and count- 

ing the number of spaces to the inch. Also, the size of the wire 

must be taken into account. The wire must not be éoarse. 

No. 34 on the Washburn & Moen gauge is the proper size for 

steel and iron wire. If brass or copper wire cloth is used the 

wire should be No. 32 (English gauge). The Station will fur- 

nish small samples of the wire cloth free upon request. 

The above directions for cleaning alfalfa seed do not apply 

to red clover seed. Owing to the smaller size of red clover 

seeds, dodder is not so easily separated from red clover as from 

alfalfa. For red clover, analysis is the chief safeguard. 
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REPORT OF CHEMICAL DEPARTMENT. 

meee PP RCT OF vPREATING: MILK: WITH 
CARBON DIOXIDE GAS UNDER 

PRESSURE? 

L.L. VAN SLYKE anp ALFRED W. BOSWORTH. 

SUMMARY. 

I. In making a study of the chemical changes in kumiss made 

from cows’ milk, it was noticed that lactic acid forms in it much 

more slowly than in ordinary milk. This was found to be due to 

the action of carbon dioxide gas under pressure. 

2. A series of experiments was undertaken in order to ascertain 

the effect of carbon dioxide under different pressures upon the 

development of lactic acid in milk, 

3. The milk used was (1) fresh, separator skim-milk, (2) fresh 
whole milk, drawn and handled under good hygienic conditions, 

(3) fresh skim-milk pasteurized at 185° F. and (4) fresh whole 

milk pasteurized at 185° F. 

4. The pressures of gas employed were 70, 150 and 175 pounds 

per square inch. 

5. lhe most effective method of treating the milk was to charge 

it with carbon dioxide gas at the desired pressure in a tank such 

as is used in bottling establishments in preparing carbonated drinks 

and then to fill into bottles. 

6. The carbonated milk was kept at temperatures varying from 

258:16.70° F. 
7, Pasteurized milk, carbonated, kept for five months with little 

increase: of acidity. Fresh, whole milk, carbonated, kept, in one 

experiment, for about the same length of time. 

8. Carbonated milk makes a pleasant beverage and may find prac- 
tical use as a healthful drink. It may also be found useful for tn- 

valids and children. 

*A reprint of Bulletin No. 292. 
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9. The effect of carbonating milk upon organisms other than 

lactic, under the conditions of our work, has not yet been studied. 

i INTRODUCTION. 

In making a study of the chemical changes that take place 

in cows’ milk when made into kumiss, we have observed that 

the product, if properly made and kept, remains for a much 

longer time without souring than in the case of ordinary milk 
kept under the same conditions. In the preparation of kumiss, 

conditions not present in normal milk are introduced; and the 

inquiry was naturally suggested as to what particular factor was 

responsible for the delay of formation of lacti¢ acid in kumiss. 

Our method of preparing kumiss, briefly outlined, is to add 
cane sugar (sucrose) and yeast to fresh milk, keep the mixture 

at about 100° F. until gas begins to form and then to bottle 

and keep at 35°-45° F. In the course of one or two days some 

alcohol is formed and enough carbon dioxide to cause consider- 

able pressure. It is thus seen that, in the preparation of kumiss, 

the following factors are present, most of which do not exist 

in normal milk: (1) Sucrose, (2) yeast, (3) heat, (4) products 

of fermentation, especially (a) carbon dioxide and (b) alcohol. 

In order to ascertain which of these factors might be the cause 

of the delay in the lactic fermentation in kumiss, we made a 
special experimental study of the different conditions involved. 

INVESTIGATION. 

FIRST EXPERIMENT: INFLUENCE OF DIFFERENT FACTORS IN RETARD- 

ING LACTIC FERMENTATION IN KUMISS. 

In each of several bottles we placed about two liters of fresh, 

separator skim-milk and heated to 100° F. Four fresh yeast 

cakes (Fleischmann’s) were rubbed up in 500 cc. of milk. The 

milk in the different bottles was treated in the manner indicated 

below. 

ree TEKS 
2. Milk + 20 grams of sucrose. 

3. Milk -+ 100 cc. of yeast solution. 

4. Milk + 100 cc. of yeast solution-++ 5 grams of sucrose. 

4a. Milk + 100 cc. of yeast solution-+10 grams of sucrose. 

4b. Milk -+ 100 cc. of yeast solution + 20 grams of sucrose. | 

4c. Milk + 100 cc. of yeast solution-++ 40 grams of sucrose, 
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We thus had (1) milk without any addition, (2) milk with 
sucrose alone added, (3) milk with yeast alone added and (4) 
milk with the same amount of yeast and. varying amounts of 
sucrose added. These were all kept at 100° F. for about three 
hours, as in the operation of preparing kumiss; they were shaken 
occasionally. The milk was then transferred to half-liter pres- 
sure bottles fitted with tight stoppers (Plate V, figs. 1 and 2, 
and Plate VI, fig. 4) and these were kept at a temperature of 

40°-45° F. during the continuation of the experiment. 

The contents of these bottles were-examined for acidity at the 
intervals indicated in Table I, one bottle being used for each 
examination. - In making the determinations, we used 50 cc. of 

milk, boiling the sample in order to expel carbon dioxide before 

titrating with = alkali. The results, expressed in percentages 
of lactic acid, are given in Table I. 

i 

TasLte I1— SHOWING AMOUNT oF AcID IN MILK AND KumiIss. 
| 

P= 
2 
5 
oy METHOD OF TREATING MILK.| Fresh.}1 day. 2 days. | 3 days. | 4 days. | 5 days. |6 days. 

o8 
ro} 
vi 

Per ct.| Per ct.| Perct. | Perct.| Perct.| Per ct. |Per ct. 
1 DRM is. 5 irae h Sivesatale so OF LF ORS TelrcOey Cgh ter Scents cle, ee ee Ctr ee Rhee cok 8 
2 MME CATS SUCTOSES iss] « sec Nhe tae CUO SOL AUP aates lus eek > [lode Seite ple 
3 WilliesPtveastt obi. . 80). £94 ORAS POO sH4 at COMES tls carci eek he sc 
4 ‘| Milk+yeast+5 grams su- 

Braectt ke. tek. LAs. Goats ORS2ie-O0. GOs pr ecOeSae ke ase sath eee te ees dA. 
4a | Milk+yeast+10 grams su- 

erueeits otter Moa), 028941 C0250 100. Date CU dels COSA leony oh. 
4b | Milk+yeast+20 grams su- 

“UNL Ete oe, he ene ee OLS) aO..27 | CON 2A 0O 52 sb eS. ic0 «86 
4c | Milk+yeast+40 grams su- 

BeOSeme Pil wt iets. 2% of bis 0.45 OVAL WOOD 27.4 BO). 321,60. 37a abO . 54 

— 

a Coagulated slightly on boiling but not sour. : 
b Coagulated quite completely on boiling but not tasting sour. 
c Coagulated almost completely without heating and sour. 

The results embodied in Table I are summarized in the following 

statements : 

(1) The untreated sample of milk was sour in two days. 

(2) The addition of sucrose alone to milk did not delay souring. 

(3) The addition of yeast alone apparently delayed the formation 

of acid slightly. 
(4) The addition of yeast and five grams of. sucrose did not 

reduce the acidity much below that of milk to which yeast alone 

was added. 
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(5) The addition of larger amounts of sugar along with yeast 

delayed the souring of the milk to such an extent that coagulation 

did not occur for five or six days or longer. 

(6) In the samples to which yeast and the larger amounts of 

sugar (20 to 40 grams) were added, the acidity appeared to be 

greater for one or two days than in the case of untreated milk. 

This was probably due to the action of carbon dioxide upon the 

calcium of the calcium casein of the milk, by which free casein 

was formed, and this on titration would neutralize more alkali and 

thus increase the apparent acidity of the milk. A part may be due 

to the action of carbon dioxide upon the phosphates of milk and a 

small part to such by-products of the alcoholic fermentation as have 

power to neutralize alkali. P 

(7) In general, this set of experiments appeared to indicate that 

the formation of acid and final souring of milk are delayed when 

milk contains yeast and sugar and these undergo alcoholic fermen- 

tation. The results could not decisively furnish information as to 

whether the active agent in delaying acid formation was the carbon 

dioxide or some other fermentation product. To settle this point 

other experiments were necessary. 
} 

SECOND EXPERIMENT: EFFECT OF PASSING STREAM OF CARBON DIOXIDE 

GAS THROUGH MILK UPON KEEPING POWER. 

We tried the effect of passing a stream of carbon dioxide gas 

through milk at pressures varying from that of the atmosphere to 

four or five pounds, but no effects on the keeping power of the 

milk were noticeable. 

It occurred to us that only such amounts of carbon dioxide gas 
would be efficient as might be obtained under higher pressure. As 

a clue to this point, the pressure of carbon dioxide formed by kumiss 

several days old was measured and found to be 45 pounds to the 

square inch. We then decided to repeat our previous experiments 

and at the same time, for comparison, to treat milk under pressure 

with carbon dioxide alone.? 

‘It may be well to mention that after this work was finished our attention 

was called to a note by Mowry and Michel (Compt. Rend., 115: 959-960, 

1892), in which they state as a result of some of their work that milk 

saturated with carbon dioxide would keep at a low temperature for eight 

days. They also state that the effect of the carbon dioxide is merely to 

check the growth of the bacteria. The bacteria are not killed. 
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THIRD EXPERIMENT: EFFECT OF TREATING MILK WITH CARBON 

DIOXIDE GAS UNDER PRESSURE OF SEVENTY POUNDS. 

In this experiment, fresh skim-milk was charged ‘with carbon 
dioxide gas under a pressure of 70 pounds to the square inch. In 
charging the milk, we made use of the apparatus of a local bottler 
of soda water. Pint bottles were used which were closed with 
patent tin and cork caps (Plate VI, fig. 5). The bottle-filling ma- 
chine was set to deliver carbon dioxide gas under a pressure of 70 
pounds. ‘The bottles of skim-milk, half full, were placed in the 
machine and charged, after which they were shaken for a short 
time, and the caps removed to allow the carbon dioxide and air 
to escape. hey were then charged again and, by repeated charg- 

ing and opening three or four times, a comparatively pure atmos- 
phere of carbon dioxide under a pressure of 70 pounds to the square 
inch was obtained. This method was found to be'more trouble- 

some and less effective than the method used later (p. 148). 

In this set of experiments, the results of which are given below 

in Table II, the milk used in all the bottles was from one lot. The 

bottles of milk were kept at 40° to 45° F. 

Taste IJ.— SHow1ine Amount or Acip In Mitk, Kumiss AND CARBONATED 

; MILK. 

Milk, | Milk, | Milk, | Milk, Milk 
and Milk Milk : 

ae , Milk yeast | yeast | yeast | yeast 
AGE. Milk un-jheated | and 20 and and 5 | and 10 | and 20]! and 40 70 Ibs. 

treated. to grams : carbon 103°F. | sucrose.| Yeast. | 8tams | grams | grams | grams | 4.0346 
sucrose. /sucrose. |sucrose./sucrose. |G. 5. 

Days, Per ct. | Per ct. \\ Per ct.| Per ct.| Perct.| Perct.| Per ct.| Per ct.,| Per ct. 
Terese. + sues 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 
ed eee 0222 0.36 On21 0.25 0.30 0.30 | aQ:29 | a0.32 0.25 
=) Say Ce Re 0.23 | a0.54 0.25 | c0.90 |} 60.49 | a0.43 | 60.33 0.32 a0 .29 
Nene EL, COPGT WIGOESBHT CONRSBAE 2 St2 c0.86 | b0.45 0.36 | a0.36 OBZ a 
2 Soe ee aaa ae RS alee OES Sha ene en MS c0.84 0.55 | a0.438 0.40 
PRE Raye ots ole FAME See ok Gio el e keel tts 2a c0.72 | a0.65 b0.43 
eee ee ns ee Lee eee ne es her a0.58 b0.54 
ee Re ie en em ber aia eis cae. Nh custo nace? [Li dos Seaton’ Weick trotters. Ve thchiatsds a0 .54 b0.58 
Ee Nts ex oy url ee eH eed shee 2 oes ove ceo |i oe hom echt law & Seeumy Mbaiers eve. 6 a0 .65 b0.54 
RR ET AG PL. ee poncn a lidexsr othe Mi. coe svat tiltGn eer, |) ees ce [te cuete 2. Peeideate b0.58 

REE RLS Sohn ce eA dee | ee i cit emda b0.65 
Cree Ne, CSE OKT eS 60.0. 2 A Te COA aL) (SR ASESE LM hore? Lae epee nS aes c0.83 

a Coagulated slightly on boiling but not sour. 
b Coagulated almost completely on boiling but not tasting sour, 
c Coagulated completely without heating; sour. 

The results in Tables I and II show a general agreement, indi- 

cating that in the milk containing the largest amount of sugar 

with yeast and, therefore, the largest amount of carbon dioxide, 

the coagulation of the milk by souring was delayed beyond the 

- 
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eighth day, while in the milk containing only carbon dioxide 

under a pressure of 70 pounds to the square inch the souring 

was not complete until the eleventh day. From these results, 

it appears that the active agent in keeping the milk from souring 
is the carbon dioxide gas under pressure. 

FOURTH EXPERIMENT: EFFECT OF TREATING PASTEURIZED MILK 

WITH CARBON DIOXIDE GAS UNDER: PRESSURE. 

Milk pasteurized at 185° F. (85° C.) before separation and 

about 24 hours old when bottled was put into bottles under a 

pressure of 70 pounds of carbon dioxide. Some untreated milk 

was kept for comparison. The bottles were kept at room tem- 

perature, about 70° F. (21° C.). The results of this work are 

given in Table III. 

TasLe JII.— SHow1nGc AMmMounr oF ACID IN PASTEURIZED MiLK AFTER BEING 

CARBONATED. 

Se ee eee = —$——————————————————————— SSA 

AGE oF MILK AFTER BorrttLine. Untreated | Carbonated 
milk. milk. 

- Days. Per ct. Per ct. 
oe: git tides BER ula ahd Bete M te eel: © Se, one cee aS WO aCe ce ‘Oc5s 0.18 
Darcie ah Sate cf sc ae tans! ce, oe te de at sults & Sho eons ae caer ne ek ance ee 0.22 0).25 
eS et Ee SEBS OFS Pe Pmt ine PON ee ee ee 0.49 0.28 
SSR ek ee Ee eR cane ees Sree Om eget De So A de a0 .72 0.30 
EPANAGE SS asi cwapwagie of s/ slg egies ¥is oopy dem Rend gohan gut Alera eel ESSA es cin a eee 0.26 
bat) ye eR RNC EAS CRA REE aS Mike banrinatr ee Ses ee fe AM PEN CT er 0.31 
CRRA Noe adr aoeorls tie oe i ha Cel are APS ete EEG © cere Crate he eae ee 0.42 
MOSER A sg ome ge ot iy mee, oe he cea ere Ae EE CE eee 1 a ee 0.59 
aie carer peas San pein Piha Bas tec ra begin ME Bea a jubch oe  Te 0.59 
Se nn aes aati Prat colander ive (ieee act shear uid) je me Uae eet eaaistiee Sis-cre =~ a0 .83 

a Coagulated and sour. 

The uncarbonated, pasteurized milk became sour in three 

days, while the carbonated portion kept nine days before sour- 

ing, even at room temperature. 

FIFTH EXPERIMENT: EFFECT OF. TREATING FRESH: MILK WITH 

CARBON DIOXIDE GAS UNDER PRESSURE. 

We next treated some fresh, whole milk with carbon dioxide 

under a pressure of 70 pounds, keeping for comparison some un- 

treated milk. These samples were kept at a temperature of 

60°-70° F. The tabulated results follow: 
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Taste [V.— SHow1nc Amount or Acip IN FresH MiLtK AFTER BEING CAR- 

BONATED. 

Untreated Carbonated : AGE OF MILK AFTER BOTTLING. . mille. milk. 

Days Per ct. Per, ct: 
Pree ite ae ee Node, we BOSS bo ad he My eS 0.22 0522 

IDO eer ni nc Wid! Olntele wi diercne vce ¥ oleae’ O222 0.24 
acre n eee ok os on Caled bs Sede cecbuas Di 23 0.41 
aoc ALS Ree a O23 0.32 
ale we oe LT Stas) Bs St oe SR ae ial eo a c0..50 0.40 
i ee are d1.04 a0..36 
We gen end ys) Ae pn ES ee YS Oe a iy ee ee he a rer ad 60.47 
NaN te he OO eke ts acy stam aie alah Atysesaln’Niae woe-a'c wie age ive Sel yes b0.54 
PEI itat | eed Sh Sky bd tower pee Poe ek olharer mele Be b0 .66 
PE Ae ee er AOD. eat ale eS See ee 7 iets he Be Ach oi b0.72 
EMER Et fre cies et A game ey. sete her. BSS salgaee hie. (ELL LCAN b0.76 

a Slight coagulation on boiling. 
b Casein mostly coagulated on boiling. 
c Coagulation complete on boiling. 
d Coagulated and sour. 

These results agree with those previously obtained in showing 

that the formation of lactic acid is delayed by the presence of 

carbon dioxide under pressure. In this experiment, it is notice- 

able that the untreated milk remained in good condition for 

three days and then formed acid very rapidly. 

SIXTH EXPERIMENT: EFFECT OF TREATING FRESH MILK, PASTEUR- 

IZED AND UNPASTEURIZED, WITH CARBON DIOXIDE UNDER 

PRESSURE, 

We next bottled milk with carbon dioxide under a pressure of 
70 pounds, using fresh, whole milk both unpasteurized and pas- 

teurized at 185° F. The milk was kept at a temperature of 

40°-45° F. The results are tabulated below. 

TABLE V.— SHowiNG AMOUNT oF AciID IN FResH, WHOLE MILK, PASTEUR- 

IZED AND UNPASTURIZED, CARBONATED AND UNTREATED. - 

| ‘ 

Whole milk, | Whole milk, | Whole milk, 
AGE oF MILK AFTER BOTTLING. unpasteurized, |pasteurized and 

unpasteurized. carbonated. carbonated. 

Days. Per ct. Per ct. Per ct. 
RN GRP We A ices lied Bb oes wea es 0.25 0.25 0.25 
eS Oe Oe Ee eee EL Cr He Oe tte ca MM Perr om Be 0.29 
PRE et NA ORS. eh ret seo a ee eee Tbe et eae hee On2S 
ES a ee ee eee a ar oP ad .54 0.29 0.23 
EES 5 te oe ab ahs cera Mint Sek eialhs Sele ee a 0.45 0.23 

RE ES Sb ae oo tm, . kath cule | Seth ee Micraas #1. sine oe Minne ates 0.24 
PER teeters EGS >Re a ee 
RM St 5 ste BSc ala- 5 o ohs cuaitlte onc Inde te LT ane 0.58 0.25 
AEA Te Rr euler as fe TALE OP SON ore Palegs 0.68 O27 
ere a lc okey alte hk is ewe ana 0.79 Oi ca 
iS sete lo ake Me Se Ie A me ee Cee 5 Ree sO es ae a0.83 0.28 

a Coagulated and sour. 
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The whole milk, unpasteurized, coagulated in four days; the 

unpasteurized, carbonated milk, in 35 days; while the pasteur- 

ized, carbonated milk showed only about 0.3 per ct. of acid 

at the end of 35 days. We used the last bottle of the series for 

examination’ at this time and could not, therefore, tell how 

much longer the milk would have kept. 

SEVENTH EXPERIMENT: EFFECT OF TREATING PASTEURIZED MILK 

WITH CARBON DIOXIDE UNDER HIGHER PRESSURE. 

Fresh, whole milk, pasteurized at 185° F., was bottled and 

charged with carbon dioxide gas under a pressure of 150 pounds. 

In order to charge milk with the gas at this high pressure, a 

tank (Fig. 6) was used such as is commonly employed for 

charging soda-water fountains. The milk was placed in the 

tank, the carbon dioxide run in at the desired pressure and com- 

pletely mixed with the milk by rocking the tank. The milk thus 

charged was run into siphon bottles (Fig. 3). This method was 

found more satisfactory in every way than the one used in pre- 

vious experiments. The bottles of milk were kept at about 40° 

F, The results are given in Table VI. 

TABLE VI.— SHOwING AMOUNT OF ACID IN’ PASTEURIZED, FRESH, WHOLE 

MitkK CARBONATED UNDER PRESSURE OF: 150 POUNDS. 

Age of milk. Per ct. of acidity. Age of milk. Per ct. of acidity. 

NEU ee) guage Noes Serr gA eT nee Peay ROIS 0.19 S weeks. a7 3. %c. 3h eee 0.25 
Dewees bamaars> < Fe RATES SAD 0725 9 weeks. G22... SS eee 0.20 
Dano Sols ee Quen ey eres DENS ae al ke MRO a Pia 2 Str Dez? 10 weeks 6.6 hs oc te ) 2a 
SAME Lee Veoh ko eck ae abd ee cere 0.27 1d weeks. 4f45 2 3c 2. oe eee )} 22 
AWE GICE Morne hetaiovct ake PE, ee ee QS; 13, wéeks,ece s,s cus Be Ov 27 
BIW CEKS LID EARL TESS 2 Soutien eerie 0.29 AO-weeks:; & ..0¢-s45 ts oe aieha el ee eee 0.29 
Or Weeksn oie oleee foe tat ee eee 0.23 40 weeks... .te. ou. oe eee 0.31 
T WRCELES Siti et Re aes 9 ire ee eee ae 0.25 

The results show that fresh, whole milk, pasteurized and 

charged with carbon dioxide gas under a pressure of 150 pounds, 

formed practically no increase of acid in the course of about 

nine months. The milk was kept at a temperature varying from 

40° to 60° F. } 

EIGHTH EXPERIMENT: EFFECT OF TREATING FRESH MILK WITH 

CARBON DIOXIDE UNDER PRESSURE OF 175 POUNDS. 

The milk used was obtained under the best hygienic condi- 

tidns, cooled to about 35° F. as soon as drawn and charged with 

carbon dioxide seven or eight hours later under a pressure of 

175 pounds. The results are given below. | 
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TasLe VII. SHowine Amount or Acip IN Fresu, WHOLE MILK, CArzon- 

ATED UNDER A PRESSURE OF 175 POUNDS. 

Age of milk. . Per ct. of acidity. Age of milk, Per ct. of acidity. 

Bypem ties a ot eta ek cid.. 0.18 MU NVOOK Sn or ea cca the cn etnat aca eral states O30 
TAPS eS te ee ee a tee S02 25 Dh WOES -thaiekeves htcetete t arash tele a0..37 
iQaygolel So) se es ie eae 0.24 PRICED A Paar elat reed he cae cai rer 00.99 

‘ a In this bottle the casein had separated to some extent, but the milk was still sweet to 
aste. 
b In this bottle the milk had coagulated and was sour. 

NINTH EXPERIMENT: EFFECT OF TREATING FRESH MILK WITH 

CARBON DIOXIDE UNDER A PRESSURE OF 70 POUNDS. 

The milk used in this experiment was obtained under the best 

hygienic conditions, cooled to about 35° as soon as drawn and 

charged with carbon dioxide gas seven or eight hours later 

under a pressure of 70 pounds. The results follow. 

Tas_eE VIII.— SHow1nc Amount or Acip IN FRESH, WHOLE MILK CaAr- 

BONATED UNDER A PRESSURE OF 70 POUNDS. 

Age of milk Per ct. of acidity. Age of milk. : Per ct. of acidity. 

ST eet so ee wap aes ae Q222 EW ECK Stycast ohhacce tele Vials oka anak 0.24 
TOBE ene: ttt. icin. Shs Tid. £24 0.23 HUMOUENS > 2 LS IPs cette a ee etd biel a0.20 

. 

a At the end of five months the milk in some bottles had coagulated and soured, while 
in others there was no increase of acidity over the milk when first treated frve months before. 

GENERAL DISCUSSION OF RESULTS. 

Thus far we have presented and discussed results relating 

solely to the effect of carbon dioxide gas in retarding the forma- 
tion of lactic acid in milk. The fact that fresh milk can be made 

to keep in good condition for several weeks by treatment with 

carbon dioxide under a pressure of 70 pounds or more suggests 

important practical applications, provided other qualities than 

acidity are not affected unfavorably. 

CARBONATED MILK AS A BEVERAGE. 

Milk carbonated under a pressure of 70 pounds comes from 

the bottle as a foamy mass, more or less like kumiss that is two 

or three days old. It has a slightly acid, pleasant flavor, due to 

the carbon dioxide, and tastes somewhat more saline than ordi- 

nary milk. In the case of carbonated milk pasteurized at 185° F., 

there is, of course, something of a “ cooked” taste. Though the 

cream separates in the bottle, it is thoroughly remixed by a little 

shaking as the milk comes from the bottle and there is no appear- 

ance of separate particles of cream. All who have had occasion 

to test the quality of carbonated milk as a beverage agree in 
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regarding it as a pleasant drink. In the case of milk bottled 

under a pressure of 150 pounds of carbon dioxide, the milk de- 
livered from the siphon is about the consistency of whipped 

cream (Plate VII, fig. 7), but, on standing a short time, it 
changes into a readily drinkable condition. From the experience 

we have had, it would seem that carbonated milk might easily 

be made a fairly popular beverage. | 

EFFECT OF CARBON DIOXIDE GAS ON ORGANISMS OTHER THAN LACTIC. 

An important question in connection with the use of carbonated 

milk is the effect of carbon dioxide gas on organisms other than 

lactic. While lactic organisms may be retarded in development, 
might not disease germs present in milk develop and thus make 

unsterilized or unpasteurized carbonated milk a possible source of 

danger to health? We have done no work on this point up ‘to the 

present time, and can only refer to the meager literature on this 

subject. It should be stated that in all of our work we did not 

detect any indications of bacterial action so far as could be judged 

by changes in the flavor of the milk. Foa! investigated the action 

of carbon dioxide gas under pressure of two to five atmospheres 

upon various organisms and states that it has a checking influence 

on the development of organisms, but does not act on enzymes and 

toxines. Thus, carbon dioxide under a pressure of four atmos- 

pheres checks alcoholic fermentation. Hoffman? treated fresh milk 

with carbon dioxide under a pressure of 50 atmospheres for some 
hours. Bacteria present in the milk were capable of growth after- 

ward when the milk was relieved from pressure. This line of work 

needs thorough investigation and we hope to give attention to it in 

the near future. 

POSSIBLE USES OF CARBONATED MILK. 

There are several practical applications in which carbonated milk 

may find possible usefulness. On steamships, it would be easily 

possible to furnish sweet milk for several weeks from a supply of 

carbonated milk. Carbonated milk may be found very useful in 

hospitals. Experiments should be made with invalids in order to 

ascertain to what extent carbonated milk can be made to take the 

place of kumiss and similar drinks. It is also possible that car- 

bonated milk might be found useful in feeding children in many 

*Chem. Centbl., 77, II: 695. 1906. 
? Arch. Hyg., 57: 379. 1906. 
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cases where ordinary cows’ milk does not digest well. While we 

did not treat any cream with carbon dioxide under pressure, we 

believe that whipped cream could easily be prepared this way with a 

pressure of 150 pounds or less and could be used directly from a 

siphon bottle with convenience. 

PRECAUTIONS IN PREPARATION OF CARBONATED MILK. 

In the preparation of carbonated milk, several precautions are 

necessary, in order to meet with success. In the first place, the 

milk should be drawn so as to be as free as possible from dirt and 

promptly cooled below 45° F. It should be carbonated within a few | 

hours. All the vessels with which the milk comes in contact, from 

milking to bottling, should be carefully sterilized before use. In 

case milk cannot be carbonated quite promptly after drawing, it 

should be thoroughly pasteurized before being charged and bottled. 



II. SOME OF THE FIRST CHEMICAL CHANGES 
INsCHEDDARyGCHEBSE- 

Ill. THE ACIDITY OF THE WATER-BXQh Rear 
OF, CHEDDARVGHERSES 

L. L. VAN SLYKE ann ALFRED W. BOSWORTH. 

SUMMARY. 

1. Object The work described in the first part of this bulletin 

was undertaken primarily for the purpose of learning what changes 

take place in the proteids of cheddar cheese during the time the 

cheese is in press, a period not previously studied here. The work 

was extended so as to include a study of the changes in the calcium 

and phosphoric acid compounds of cheese. The work on the acidity 

of the water-extract of cheddar cheese had for its purpose to learn 

what constituents of the water-extract cause it to neutralize alkali. 

2. Method of experiment.— Five cheeses were made at different 

times under the usual conditions observed in making cheddar cheese. 

They were kept at 15.5° C. Determinations in cheese were made of 

the amounts of (1) total nitrogen, (2) nitrogen soluble at 55° C. 

in five per ct. solution of sodium chloride, (3) water-soluble nitro- 

gen, (4) acidity of water-extract, (5) lactose, (6) total calcium 

and phosphoric acid compounds, (7) water-soluble calcium and 

phosphoric acid compounds, (8) calcium compounds in the salt- 

soluble portion, (9) calcium lactate, (10) total and water-soluble 

ash. | 

3. Early changes in proteids of cheddar cheese.—(1) The insolu- 

ble proteid of fresh cheese-curd (calcium paracasein) changes 

rapidly into a form soluble in 5 per ct. solution of sodium chloride 

at 55° C., until, in 9 or 10 hours after the cheese is put in press, 

the proteid, originally insoluble in the salt solution, becomes com= 

pletely soluble in this solution. (2) Then the proteid soluble in 

salt solution changes into a form insoluble in salt solution, this 

*A reprint from Technical Bulletin No. 4. 

[152] 
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change taking place rapidly at first and then gradually. (3) Pro- 

teids in water-soluble form appear to increase only slightly, if at 
all, until after the salt-soluble proteid has partially changed into the 

form insoluble in salt solution. : 

4. Changes in calcium and phosphoric acid compounds of cheddar 

cheese — The calcium and phosphoric acid compounds of cheese, in- 

soluble at the start, become soluble, until about 80 per ct. of the 

calcium and all of the phosphates become soluble in water. This 

change is due to the formation of lactic acid and its action upon the 

phosphates of the cheese, resulting in the formation of monocalcium 
phosphate and calcium lactate. About 20 per ct. of all the calcium 

in the cheese is found in the salt-soluble portion, and the proteid 

in this solution shows an acidity about equal to that shown by cal- 

cium paracasein. 

5. The acidity of the water-extract of normal cheddar cheese is 

largely due, not to the presence of free lactic acid, but to monocal- 

cium phosphate. 

Il, SOME OF THE FIRST CHEMICAL CHANGES IN 

CREDOAK CHEESE: 

- In previous studies of the ripening changes in cheddar cheese 
made at this Station! it was shown that the calcium paracasein 
of the freshly coagulated milk undergoes various changes, most 

prominent among which is the formation of a substance soluble 

at 50° to 55° C. in 5 per ct. solution of sodium chloride. Most 

of the work formerly done was confined to an examination of 

cheese after it was taken from the press, generally about 24 

hours after the beginning of the operation of cheese-making or 

about 18 hours after putting in press. Little work was done in 

studying the intermediate period between putting the cheese in, 

and removing from, the press. 

While working upon camembert cheese, it was noticed by one 

of the authors that marked changes occur in the cheese proteids 
during the first 24 hours from the time of commencing the 
operation of cheese-making. ‘This fact naturally suggested that 

similar changes might occur in the early history of cheddar 
cheese during that period of time which had not been previously 
studied with care. It has been found that the changes taking 
place during this early period are of the same character and 

e 

*N. Y. Agrl. Exp. Sta. Buls. 214 and 261. 
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due to the same causes in both camembert and cheddar cheese; 

the only essential difference is the extent of the changes, which 

go somewhat farther in camembert than in cheddar cheese. This 

is what would be expected from differences in the methods of 

manufacture, since camembert cheese is made without under- 

going pressure to expel whey and it therefore contains more 

lactose, resulting in the formation of more lactic acid, which is 

the active agent in causing the first changes that appear in the 

cheese-making process. 

Reviewing briefly the interpretation of the results secured in 
the work previously done? it was thought (1) that the calcium 

paracasein, formed from calcium casein of milk by the action 

of rennet enzym, was converted by the action of lactic acid into 

free paracasein with simultaneous formation of calcium lactate, 

that is, the calcium paracasein was decalcified; (2) that the free 

paracasein thus formed was soluble in warm 5 per ct. solution 

of sodium chloride; (3) that the proteids of cheese-curd and 
cheese fresh from the press were a mixture, in varying propor- 

tions, of calcium paracasein and free paracasein, a maximum ot 

78 per ct. of the total nitrogen of the cheese having been found 

in the form soluble in dilute salt solution; (4) that not all of the 

calcium paracasein was changed into free paracasein; (5) that 

the plastic and ductile properties of cheese-curd were due to the 
formation and presence of free paracasein; (6) that free para- 

casein appeared to be the body in which began to take place the 

various chemical changes grouped under the general term of 

cheese-ripening. 

It now appears, as we shall show later, that a lack of knowi- 

edge as to the extent and character of changes occurring in 

cheese while in press led to an interpretation of results that must 

be very materially modified in order to harmonize with our: 
recent work. 

Another point of importance, not studied in previous work at 

this Station is the relation of some of the inorganic salts to the 
changes taking place in the early history of cheddar cheese. 

Somewhat extended and detailed studies of the calcium and 

phosphoric acid compounds have been made in some of our work 

and the results are presented in this bulletin. These results are 

intimately associated with the changes taking place in the chief 

proteid in the early history of cheese and appear to be essential 

to a correct understanding and interpretation of these changes. 

*N. Y. Agri. Exp, Sta? Buls 261,-pp.: 36; 37. 
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ANALYTICAL DETERMINATIONS. 

The following determinations were made, either wholly or in 

part, in each of the experiments described in this bulletin: 

(1) Total nitrogen in cheese, (2) water-soluble nitrogen, (3) 

nitrogen soluble in 5 per ct. solution of sodium chloride, (4) 
the amount of N-io alkali neutralized hy the water-extract from 
Ioo grams of cheese, (5) the percentage of lactose in cheese, 

(6) the percentage of lime (CaO) and phosphoric acid (P,O,) 
compounds in cheese, (7) the percentage of water-soluble lime 

(CaO) and phosphoric acid (P,O,;) compounds found in cheese, 
(8) the percentage of inorganic phosphorus in cheese in the form 

of phosphoric acid (P,O,) compounds, (9) the percentage of 

calcium (CaO) compounds in the salt-extract of cheese, (10) the 

percentage of lactic acid in the form of calcium lactate in cheese, 

and (11) the percentage of total and water-soluble ash in cheese. 

The amount of nitrogen in the different forms was determined 
in the manner described in Bulletin 215 of this Station, except 
that, in case of water-soluble and salt-soluble nitrogen, the ex- 

traction was continued until I,000 cc. of extract had been ob- 

tained. In all cases, the cheese was first extracted with water 

before treatment with salt solution. In those cases in which 

calcium was determined in the salt-extract, we used for extrac- 

tion a solution of sodium chloride free from calcium salts. 

The lactic acid in cheese, which is present in the form of 
calcim lactate, was determined by Palm’s method,? which is, in 

brief, as follows: The cheese is acidified with sulphuric acid 

and then extracted with ether. The ether solution 1s evaporated 

to a syrupy consistency and then treated with water. This water 

solution is filtered, treated with lead acetate and then filtered 

from any precipitate that forms. More lead acetate is added to 

the filtrate and then alcoholic ammonia. The lead lactate is thus 

precipitated free from other substances. The precipitate is fil- 

tered and washed with alcohol. The amount of lactic acid is 

determined by loss on careful ignition. In place of lead acetate, 
one may use an excess of freshly precipitated lead hydroxide 

to precipitate the lactic acid, especially when the amount is 

small. From the precipitate thus obtained, one may separate 
pure lactic acid by treatment with hydrogen sulphide and subse- 

quent extraction with ether. This method is not altogether 
satisfactory, but appears to be the most efficient one available. 

© *Ztschr. Analyt. Chem., 26, 33. 1887. 4 
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The amount of inorganic phosphorus in cheese is approxi- 
mately found by calculation from the total nitrogen and total 

phosphorus, based on casein with a phosphorus content of 0.85 

per ct. and a nitrogen content of 15.70 per ct. The amount 

of casein phosphorus thus found subtracted from the total 

amount of phosphorus in, cheese gives the amount of phosphorus 

“present as: Pi} : 

It will be noticed in the eabtieitedy data presented that the 

analytical results do not always appear to be consistent. Such 

variations are generally due to variation in composition of the 

cheese in different portions, since it is well known that the mass 

of a cheddar cheese is quite far from being of uniform com- 

position. Samples drawn from different parts of the same cheese . 

generally show varying analytical results. 

FIRST EXPERIMENT. 

In some preliminary work carried on for the purpose of study- 

ing some of the changes that take place in the early history of 

cheddar cheese, two cheeses were made from separator skim- 

milk in the usual manner. One was made May 30, and the other 

June 12, 1906. These were kept at a temperature of 15.5° C.; 

and this was the temperature at which we uniformly kept the 

cheeses in all our experiments described in this bulletin. The 

age of cheese in this and other experiments is dated, unless 
otherwise specified, from the time it was put in press, which was 

usually five or six hours after the actual operation of cheese-making 

began. The cheeses used in this and other experiments were 
made by Geo. A. Smith, Dairy Expert of the Station. 

The results of this first experiment are given in Table I. 
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TABLE I.— CHANGES IN NITROGEN COMPOUNDS OF SKIM-MILK CHEESE DURING 

EARLY PERIOD. 

W ater- Salt- 
soluble soluble N-10 alkali 

“ ; ee ae eee neue een 
geo ota expresse expresse y water- 

“pyeeaoide cheese when nitrogen as per- as per- extract 
i analyzed. in cheese. centage centage from 100 

. of total of total grams of 
nitrogen nitrogen cheese. 
in cheese. in cheese. 

Hours Per ct. Per ct. Per ct. Gea. 
i ae. ee When put in 

PTESS oh noiee 3.25 4.62 DESO teses tel ony elt ted 
LS ee 17 4.90 3.86 Oly Sani 6 tae ee 
ET eal Seas 29 Dane 3.80 SWE 0 fuga Ml tance des sea Ses 
4s aie 41 Sus 3.00 BG 508 lenetorciea cscs oir 
Dee eth cees ioe ks 89 Deau 5.28 pad OB Oem Mil AR ae enh oe tb 
Unwiine ae L3z Aa el ss 5.24 GES ener ee 

BE Dosa ec eae When whey 
was drawn. Z2uSo he te 3.86 36 

Fal: 22, ieee When put in 
DIESS wat dae 4.59 3.70 25.05 Li 

OS one he ee 4.98 4.42 82.73 168 
vl. «ey ip Ags ae 6 Bia | 3.02 89.63 174 
Psa tories ga 9 507 3.94 92.31 180 
P:R OS Vee Le iti: be32 3.38 81.58 180 
File, ARS nes 18 eA Pe 4.13 92.48 186 
A, Se ee BY ee ee e Zt 5.80 4.65 75.86 186 
Vit 3 te i) Seely SSR 42 5.48 4.92 65.69 186 
Fits in See eee 66 SDL 4.85 33.39 200 

A study of Table I permits the following summary of results: 

(1) The amount of nitrogen in the form of water-soluble com- 

pounds changes very slightly during the first few days after a 

cheese is made, consisting essentially of the milk albumin re- 

tained in the cheese. The decrease in percentage of water-solu- 

ble nitrogen in cheese noticed after being put in press is largely 

due to loss of albumin going out in whey. ‘These statements 

agree with the results of previous work. 

(2) The amount of nitrogen in the form of salt-soluble proteid 

increases very rapidly after the cheese is put in press and reaches 

a maximum in a comparatively short time, when, in the case of 

the two cheeses under consideration, it constitutes over go per 

ct. of the nitrogen in the cheese. 

(3) After the salt-soluble nitrogen of the cheese reaches a 

maximum, it begins to decrease, but much more slowly than it 

had increased. 
(4) Along with the increase of salt-soluble nitrogen there was 

an increase in the acidity of the water-extract of the cheese. We 

shall later discuss in detail what constituents of the water-extract 

of cheese are responsible for the apparent acidity of cheese. 
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SECOND EXPERIMENT. 

It was desired to repeat the study made in the first experiment, 

using a cheese manufactured from normal milk instead of skim- 

milk, in order to ascertain whether the same results would be 

found in the case of whole-milk cheese. This cheese was made 

June 18, 1906. The study was extended to include the amount 

of lactose, calcium and phosphoric acid in the cheese, the ob- 

servations and analyses being continued for a period of six 
months. 

TABLE I].— CHANGES IN NITROGEN, CALCIUM AND PHOSPHORUS COMPOUNDS 

IN WHote MILK CHEESE. 
#3 2 II SESS SEIT AS TR IGRI a 

Water- mee i 
soluble soluble alkali 
nitrogen nitrogen neutral- Meiers Waren 

ue ot cheese expressed | expressed Lactose ized by Cate édluble 
as per- as per- in water- 205; 

when analyzed, centage centage cheese. extract cheese P? OF in 
of total of total from 100 expressed cheese, 
nitrogen nitrogen grams of as in CaO. 
in cheese. | in cheese. cheese. 

Per ct Per ct Per ct. Gc Per ct Per ct 
When whey was 
drawn*—...... 6.11 8.02 1.10 36 0.17 0.15 

When put to pressf. 4.68 14.33 1.70 100%) 7. oe 0.54 
PLOTS eee a eee 5.05 75.26 1.05 120 0.43 0.56 
GullGurs ea kee! bers. 5.48 71.54 0.68 120 0.48 0.61 
DO NOUTS canons <iese ie 5,00 65.16 0.68 120 0.50 0.63 
dL 2H ROULS fe.) oteetet eyes. 5.45 70.65 0.68 136 0.54 0.57 
IN Sry oKOKBR ay, aba tones ee 5.58 65.56 0.58 136 0.58 0.58 
TL SSnOUTS .. we bos hic 6.58 64.81 0.58 LOG. |e ae cence 0.61 
AMS Soh Gl oReeies Cit: Cleat 7 0.58 152 0.65 0.67 
A"GANVS cdtepicoo itis « 9.11 45.31 0.50 160 0.64 0.64 
Wee Kmaeitege ane vxare 11.02 44.62 0.10 164 ° 0.65 0.72 
D2 WECKS  sndeaeies ot 18.60 46.51 0.07 190 0.66 0.74 
POMEL S hes aueee cers tae 28.68 45.89 OU econ eae ae 0.75 0.78 
ASN ONTHS Bie hos. 34.39 40.87 0 230 0.82 0.82 
OMNOVEUS 4. s kes a Sle: 5933 34.24 0 212 0.76 Osis 
GiMGn ENS ab ae oes 43.22 21 61 0 180 als 3 Spe cep une 

* Gave strings one-eighth inch long on hot iron. 
{ Gave strings one inch long on hot iron. 

The results in Table II are summarized as follows: 

(1) The proportion of nitrogen in cheese that is present in 

water-soluble form remains quite uniform the first day and then 

slowly increases. As compared with the two skim-milk cheeses 

in the first experiment, the water-soluble nitrogen in this whole- 

milk cheese becomes somewhat greater in amount during the 

period for which a comparison can be made. 

(2) The percentage of nitrogen in salt-soluble form increases 

rapidly. The maximum indicated by our results was not as 

high as in the case of the first experiment. After three hours a 
decrease appeared to begin and this continued during the six 
months of our study. 
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(3) The lactose in the cheese decreases in amount quite rap- 

idly during the first 12 or 15 hours after the cheese is put in 

press and entirely disappears in about 2 weeks. 

(4) The acidity increases, reaching its approximate maximuin 

about the time the lactose disappears. The apparent increase of 

acidity later is due, in part, at least, to the presence of increased. 

amounts of water-soluble proteids. 

(5) The percentage of water-soluble calcium and phosphoric 

acid compounds increases quite rapidly during the first few hours 

after the cheese is put in press; the increase continues for some 

weeks but-at a slower rate. As we shall show later, the water- 

soluble phosphoric acid is present mainly as mono-calcium 

phosphate, and the water-soluble calcium is present in combina- 

tion mostly with phosphoric acid and with lactic acid. 

The rapid increase of salt-soluble nitrogen to a maximum, 

followed by subsequent decrease, suggested the probability that 

the insoluble proteid of the fresh curd is completely converted 

into the salt-soluble form before the change into another form, 

insoluble in water and salt-solution, begins; but that the action 
is so rapid that it is difficult to get a sample at just the point 

when the nitrogen, originally insoluble, is entirely in the salt- 

soluble form. The probable truth of this suggestion appeared 

to be indicated by the fact that in one case when we were work- 

ing on another point we were able to dissolve the insoluble 

cheese proteid completely in salt-solution. 

From ,the suggestions afforded by the results obtained, it 

seemed desirable to make further study with the specific object 
of ascertaining: (1) Whether all the insoluble proteid of fresh 

cheese is changed into a salt-soluble form before it again becomes 

insoluble in salt-solution, and (2) what relation there might be 

between the formation of salt-soluble nitrogen and the formation 

of water-soluble calcium phosphate, and (3) whether the calcium 

of the calcium lactate that is formed comes wholly from the 

calcium of the insoluble phosphates or in part from the calcium 

of calcium paracasein. 

THIRD EXPERIMENT. 

For carrying out this study, another cheese was made July 9, 

1906, from normal milk, the results of which are embodied in 

Tables III and IV. In order to obtain a sample of cheese when 

the nitrogen should be all in the form of the salt-soluble sub- 
stance, it was necessary to take samples at more frequent in- 
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tervals; and so samples were taken for 7% hours at intervals of 
one hour and a half after the cheese was put in press. 

Tasite III].— CHANGES In NirroGEN COMPOUNDS AND IN ACIDITY IN WHOLE- 

MiLtk CHEESE. 

Water- Salt- N-10 
soluble soluble alkali 
nitrogen nitrogen e neutral- 

Total expressed | expressed Lactose ized by 
Age*of cheese when analyzed.| nitrogen as per- as per- in water- 

in cheese. centage centage cheese. extract 
of total of total from 100 
nitrogen nitrogen grams of 
in cheese. | in cheese. cheese. 

Per ct Per ct. Per ct Per ct. Cc 
When whey was drawn....... 2.40 a5, 6.3 1.38 48 
Just’ before salting: vs > 0n Y.. Sool 2.28 19.71 0.75 72 
Justiaiter’salting. Isic. : 3.67 3.27 TW Aa OF 6 0.77 114 
TAPHO UTS 42\c5 cetehals ©. erkare aes Tw BSR ee I, 52.84 0.73.74) vedi 
SHDOULS. accede SEPA aah at eee 3102 3.16 65.62 0.68 116 
Ay HOUrs Orsi, ot shee cee Sete 3.45 70.03 0.44 112 
G/hotreti4.eeid. of a eee 4.00 O20 Lene coe 0.44 120 
7 HSHOUTS. os ee ap PES E BRS UE aes 3.80 SoG one 0.39 120 

Gay OP in ee ears eee ree ee: 3.81 4.78 76.64 0.30 130 
MAES saan erratic aha tec Rothe co 3.82 AION fcc: veer O FIO.) eae 
Asda ys WEST Mie Mos ee 3.86 4. 204L . 2ooaae 0.04.1) (een: 
eal el CMA 2 P28 ol Oh aie me Pe ie 3.82 9.42 66.75 0.03 160 
2. weeks... dcktsr sulle on ae Ss 3.81 16.01 55.64 0 190 
AW eekSeraack does bese 3.83 19.58 58.75 0 188 
AEINOMENS 200s ou. d athe See: ae 3.80 29.21 49.73 0 208 
AMIMOUTNS see. chara ye eis okace ie 3.98 31,16 46.48 0 204 
Gimiouthsigst |. ees e. 2 eee 3.96 34.34 DIlzOL Oil ids See 

TABLE 1V.— CHANGES IN CALCIUM AND PHOSPHORUS COMPOUNDS IN CHEESE. 

qn oO iid gu oo aR OS ) aq 
“a @ Bg oe “a oa ; 8s a2 - 

33 250 |o8% a9 38d | So. |Su"f| 
5g so3 | aso: | £3 Zr ge | 35.01 3 
oo Ae yas’ ae as a | 39° 8 be 

Age of a 5 Ons | ounS8 AQ, oti @7OP4 ne eek - 
cheese when E x Dey tT ae Ag note es ae ze moe = 

analyzed. 3° +H o) | oes Pe Se arg ee Vay 
o | BBB 1 Syws| Ge OBER | “soy dado eee Gu. 2A oO AY” iss abe 2oD 4 o fa 

3 oO BES | SSeo| ~80 | Bea | E88 ofks BS 
asi) erie Berg EAs Son 885 Bad | Oe aA. 20 
oO S S a A, = Ay O 

Per ct Per ct. Per ct. Per ct. Per ct. Per ct. Per ct. Per ct. 
When whey : 
was drawn. 0.72 0.20 27.78 0.76 0.46 0.23 50.00 0.34 

Just before 
Sal tinee ee, 0.88 0.34 38 .64 97 0.54 0.36 66.67 o hebetuncy hoe 

Just after 
Salting +... 0.92 0.36 39213 1.06 0.60 0.40 66.67 0.38 

G HOUrS? 424 0.90 OFZ 51318 1.14 0.67 0.46 68 .66 0.68 
44 hours 0.94 0.48 Ld WAU 1.16 0.69 0.45 65 722 0.68 
GOiHOUrs2 sev 0.98 0.52 53.06 Shara Ig 0.68 0.48 70.60 0.53 
7% hours 0.98 0.58 59.18 Neal 0.65 0.47 y Pee WI 0.63 

Gay. sheer 0.99- 0.62 62.60 Lat? 0.69 0751 73.90 0.56 
ALAS wea 0.91 0.44 48.42 1.18 0-71 0.42 60.00 0.62 
A AaYS tale ae 0.99 0.64 64.65 Let 0.73 0.62 84°93 .|>. cee 
lL preelg atone 0.93 0.63 67.74 VAL, 0.70 0.56 80.00 aise 2 
2 weeks..... 0.98 0.78 79.60 1.26 0.73 0.76 | 100.00 0.50, 
4 weeks..... 1.04 0.83 79.80 1.20 0.73 0..7.7-1. 100.00, laa 
2 months 0.99 OST bi geet hes 1.29 0.82 0:.84°| 100,00? 132 eee: 
4 months.... 0.94 0.76 80.85 1.25 0.76 0:79 | 100.000i5 saan 
Gimonths:. 7: 0.97 0.68 70.10 1.06 0.57 0.66 || 1007006) 20a tha 
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The results embodied in Tables III and IV are summarized 

as follows: 

(1) The formation of water-soluble and salt-soluble nitrogen, 

together with the conversion of lactose into lactic acid, as shown 

in Table III, proceeds in general as in the preceding experi- 
ments. i1t will be noticed, however, that we failed to get a 

sample of cheese for analysis when the salt-soluble nitrogen was 

as high as in the preceding experiments. Apparently, between 

7% hours and 24 hours, very little change had taken place in 

the amount of salt-soluble nitrogen; but, according to results 

with other cheeses, there is reason to believe that, during this 

interval, the salt-soluble nitrogen increased until the nitrogen all 

became salt-soluble and then began to change into the succeed- 

ing form, which is insoluble in salt solution, and at the end of 
24 hours had decreased nearly to the point at which the salt- 

soluble stood at the end of 7% hours. 

(2) The amount of calcium compounds found in the water- 

extract increases quite rapidly for a few hours and then more 

slowly, reaching a maximum in about 2 weeks, when about 

80 per ct. of the calcium compounds in the cheese is found in 

the water-extract of the cheese. After this the amount of water- 

soluble calcium compountls appears to remain about constant. 

The water-soluble calcium appears to represent, in the main, 

two compounds, (1) mono-calcium phosphate and (2) calcium 

lactate. The results.suggest that about 20 per ct. of the cal- 

cium in cheese is not given up to a water solution, either being 

held mechanically by the proteid or else existing in combination. 

It hardly seems probable that this calcium is there as insoluble 

calcium phosphates so long as enough lactic acid is formed to 

change it all into mono-calcium phosphate. It appears more 

likely that it is in combination with paracasein, as will be 

shown later. 

(3) The amount of water-soluble P,O,; increases rapidly for 
the first few hours and then continues gradually to increase until 

finally all the inorganic phosphorus compounds appear in the 

water-extract. This indicates that enough lactic acid has been 

formed to convert the insoluble calcium phosphates entirely into 

mono-calcium phosphate with simultaneous production of cal- 

Cinmimiactate.-.. 
(4) The amount of calcium lactate increases rapidly in the 

first few hours. 

6 
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FOURTH EXPERIMENT. 

Since we had failed to take a sample of cheese in the third 
experiment at the time when the nitrogen in the form of salt- 

soluble nitrogen was at or near its possible maximum, another 

experiment was made for this purpose, the results of which are 

embodied in Tables V and VI. The same determinations in 
cheese were made as before and, in addition, those of moisture, 

total ash and soluble ash. The cheese for this experiment was 
made November 15, 1906. 

TABLE V.— CHANGES IN NITROGEN COMPOUNDS AND IN ACIDITY IN WHOLE- 

MILK CHEESE. 

Water- Salt- CINSTO 
soluble soluble alkali 
nitrogen nitrogen neutral- 

Water Total expressed | expressed Lactose ized by 
Age of cheese in nitrogen as per- as per- in water- 

when analyzed. cheese. in cheese. centage centage cheese. extract 
of total of total from 100 
nitrogen nitrogen grams of 
in cheese. | in cheese. cheese. 

Per ct Per ct. Per ct. Per ct. Per ct. Cac 
When curd was cut 13 14.8 Al 4.00 144 
When whey was 

crawl. £0.12 fee: 65.34 2.00 6.00 4.50 2:72 72 
When put in press. 40.00 3.45 HH Arg BU ola lio 88 
QsMOUTSE He eat e 37.85 3.08 4.25 46.46 0.64 136 
ARVNOUTSY Faas ee sc Olena 3.58 4.19 43.02 0.64 96 
MCOUTS Oars he 2e 38.16 3.55 4.79 40.00 0.68 . 96 
RMN OMITS oye acces 388.89 3155 6.48 96.06 0.72 128 
T2ihourse.}. o.5.h 37.70 3.01 4.58 59.57 0.80 144 
Waeehours seh ce Shope 3.61 6.37 65.62 0.80 128 
Lvhehoters'§ § oh... 37.62 3.50 Btal 68 .00 0.76 140 
DiewMOurs. < cblsa 6 37.68 3.45 - 6.09 Saas 03802) a7. anes 
QBS ES RS CTs Sie 37.45 3.79 4.75 68.87 0.36 140 
BNA Slants etenste aus e 35.20 Suto 5.87 46.94 Wes 132 
L'seetels seeexs cf fa ices 35.88 3.63 8.26 43 .80 Ox.22 140 
DIWECKSI ne ictus tte 34.01 3.74 10.16 oi s40 trace 132 
SUWeeks bites 5 sik 35.10 3.70 14.59 49.46 0 132 
Limoncolscetaenis ce 37.24 Shares 16.84 46.79 0 152 
AINOMbOSM. clare cers 36.94 3.62 23.21 47.79 0 156 
GS ANONENS ence ists 34,52 3.67 Datos 42.78 0 164 
4cmmontns set ei eee peo 30.80 3.62 24.31 43.09 0 180 
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TABLE VI.— CHANGES IN CALCIUM AND PHOSPHORUS COMPOUNDS IN CHEESE. 

24 oO 445 8 fe oo a ! ak Ur a) as 

eS (eg [See [=8 [go] 35 [eee 
oO : 1 Teed » oO 

BS |seS/Obs 123 | S8O/"s (S98 " og | 8ad/S8° | 58 | 8a] 8S] fas : 
a Pet, RO oad ak Hau aoc] 89°F Age of cheese when | ¢9 | 29/248 | OG |" 'd| oom | sa al g | 2 

analyzed. om) oo eo hele om) nod}/24g| ERK wS o = 8 eG ee oot Be Ol ant ot gs aL ce ie eee 
g2.| 228) 9909) “9 .| SES] S09/8_ Fo} © 29 
20O/ $86) 5808/80] e848) 55g] FES) € | §8 
230 B80) Raa sicioy O85 Bad, O8 870. ce bic 
5 S e a Ay 5 Ay < = 

Per ct.| Per ct.| Per ct. | Per ct.| Per ct.| Per ct.| Per ct. | Per ct.| Per ct. 
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* CaO in salt-extract in two days equals 0.25 per ct. of cheese. 
ft CaO in salt-extract in two months equals 0.30 per ct. of cheese. 

A study of the data in Tables V and VI suggests the follow- 
ing summary of results: 

(1) The results agree with those previously obtained as re- 

gards the amount of water-soluble nitrogen in cheese during its 

early ‘history. 

(2) We were successful in getting a sample of cheese when 

the insoluble nitrogen had been nearly all converted into salt- 

soluble nitrogen. In 9% hours after the cheese was put in press, 

we found that 96 per ct. of its total nitrogen was salt-soluble, 
or, stated another way, that all of the nitrogen originally in- 

soluble had become salt-soluble. This dropped rapidly in the 

next few hours. 

(3) The acidity of this cheese, when put in press, was some- 

what less than that found in the other experiments. At the end 
of 9% hours, it had reached about the same point as in most 

of the other cases. However, it did not later become as great as 

in the preceding experiments. It would appear as if the maxi- 

mum amount of salt-soluble nitrogen is formed when the water- 
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extract from 100 grams of cheese neutralizes 120 to 130 ¢. ¢. 
of N-io alkali. 

(4) The lactose in this and the preceding experiments seems 
to disappear in one to two weeks. The rapidity of conversion 

of lactose into lactic acid depends upon temperature as one con- 

dition and this fact must be considered when we attempt to 

make comparison of results given by different experiments. 

Under the conditions of our work in this experiment, the tem- 

perature was lower while the cheese was in press than in the 

case of the other experiments. 

(5) The amount of water-soluble calcium compounds increases 

at different rates in different experiments. Comparing this witn 
the preceding, we notice that when cheese is put in press it 

contains .45 to .55 per ct. of CaO, which increases to .60 to .65 

per ct. in 24 hours and in 2 weeks or more reaches about .75 

per ct. About 80 per ct. of the total calcium in the cheese 

becomes ultimately converted into water-soluble calcium com- 

pounds. This appears to take place within 2 weeks, which is 

roughly coincident with the time at which the lactose in the 

cheese finally disappears. 

(6) The water-soluble P,O, increases quite rapidly for 9 or 

10 hours after the cheese is put in press and then remains quite 

constant, the inorganic P,O; all appearing in the water-extract. 

This complete change appears to take place in this experiment 

much more quickly than in the preceding one. In both cases, 
the maximum amount of water-soluble CaO is reached, when 

all the inorganic P,O, appears in the water-extract. 

(7) The results in determining total ash and water-soluble 

ash are inserted here for convenience of future reference. They 

do not now appear to’give any information not furnished by the 

other data. 

Lik -THE;, ACIDITY »OF). THE, ,WATER-EX TRAGIe 

CHEDDAR CGHEESE. 

The acidity of cheddar cheese is often discussed as if it were 

due to the presence of free lactic acid in the cheese. This is 

illustrated by the fact that in the provisional official method? for 
determining acidity in cheese, the instructions are to express 

the result as lactic acid. However, we have been unable to 

isolate free lactic acid from normal cheddar cheese or to obtain 

1U. S. Dept. Agr., Chem. Bul. 46, rev. ed., p. 56. 
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a test for it in any cheese examined by us. The behavior of 

indicators toward the water-extract of cheese is not such as free 
lactic acid would give. 

In the discussion given in the preceding pages, it has been 

stated that the lactic acid formed during and after the cheese- 

making process combined with a portion of the calcium of the 

insoluble calcium phosphate present, forming mono-calcium 

phosphate and calcium lactate. The power of the water-extract 

of cheese to neutralize alkali appears to be largely due to the 

mono-calcium phosphate present and may, of course, be regarded 

as an indirect measure of the amount of lactic acid that has 

combined with calcium and remains in cheese. The different 

substances present in the water-extract of cheese that might be 

thought to influence appreciably the determination of acidity 

by titration with alkali are mono-calcium phosphate, calcium 

lactate and soluble proteid. While, as shown later, we know 

that all the calcium lactate of cheese appears in the water- 

extract, this salt is neutral and has no effect upon indicators. 

The amount of soluble proteid is for some time insufficient to 

account for any appreciable amount of acidity. Therefore, the 

only compound present in amounts that can account for any 

considerable part of the neutralizing property of the water- 

extract of cheddar cheese in its early history is mono-calcium 

phosphate. The behavior of the water-extract of cheese with 

indicators harmonizes with this statement. Thus, it is acid to 

phenolphthalein, neutral or very slightly alkaline to congo red, 

to cochineal and to litmus, and alkaline to methyl orange. 

We have used the following modification of the official method 

for determining acidity in cheese and we believe that it ‘gives 

more satisfactory results: Extract 25 grams of finely divided 

cheese with 200 c. c. of water at 50° C., decant the supernatant 

liquid on a filter of absorbent cotton and repeat the treatment 

with the residue until nearly a liter of extract is obtained. 

Make up to one liter and mix thoroughly. Of this solution take 

100 c. c. for titration with N-2o0 solution of sodium hydroxide, 

using phenolphthalein as indicator. The result multiplied by 
20 gives the number of cubic centimeters of N-to-alkali required 

to neutralize the water-extract from t00 grams of cheese, and 
this appears to be a desirable form in which to express the 

results of acidity determinations. 

We have already referred to the fact that we made determina- 

tions showing that all the calcium lactate of cheese is removed 
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by extraction with water. This was shown by determining the 

amount of lactate in cheese by the method given on p. 155, and 

also in the water-extract prepared as described above. For 
illustration, in the cheese itself we found in one case 0.58 per ct. 
of calcium lactate and in the water-extract, 0.587 per ct. 

DISCUSSION OF RESULTS. 

We will now bring together in comprehensive form the results 
of the experiments described in this bulletin and discuss them 

with the purpose of seeking an interpretation of them in their 

application to cheddar cheese. We will consider the results 

under the following headings: (1) Changes in the proteids of . 

cheddar cheese, (2) the changes in calcium and phosphoric acid 
compounds. 

CHANGES IN THE PROTEIDS OF CHEDDAR CHEESE. 

In the manufacture of cheddar cheese, the proteid of the in- 

soluble curd (calcium paracasein) changes rapidly into a form 

that is soluble in 5 per ct. solution of sodium chloride at 50 to 

55° C., until, in a few hours (9 or 10) after putting in press, the 

proteid, originally insoluble in warm dilute salt solution, be- 

comes completely soluble in this solution. After reaching this 

condition of solubility, the brine-soluble proteid undergoes an- 

other change into a form that is insoluble in warm dilute salt 

solution, the change going on rapidly at first and then gradually. 

Proteid in water-soluble form appears to increase only slightly, 

if any, until after all the proteid has become soluble in warm, 

dilute salt solution and has then changed to some extent into 

a form insoluble in salt solution. , 

Thus, there appears to be the following series of successive 

changes: (1) From insoluble proteid as represented in the fresh 

curd (calcium paracasein) into (2) proteid soluble in warm, 

dilute salt solution, this into (3) proteid insoluble in salt solu- 

tion and this into (4) water-soluble proteid. Under these con- 

ditions, we should have: 

(1st.) All insoluble proteid (calcium paracasein). 

(2d.) Mixture of (a) insoluble proteid and (b) proteid soluble 

in salt solution, the latter increasing at the expense of the former. 

(3d.) All salt-soluble proteid. 

(4th.) Mixture containing (a) salt-soluble proteid and (b) 

proteid insoluble in salt solution, the former predominating at 
first and then diminishing while the latter increases. 
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(5th.) Mixture containing (a) proteid soluble in salt solution, 
(b) proteid insoluble in salt solution and (c) water-soluble pro- 
teids, the second form (insoluble in salt solution) decreasing 

and the water-soluble form increasing. In all of the analyses 

of cheese previously published! it is noticeable that there is 
always present in varying proportions each of these three differ- 

ent forms of proteid. 
In order to show more clearly how this recent view of the 

series of changes in cheddar cheese differs from the former con- 

ception, we give the following statement of the views previously 

held: The succession of changes was believed to consist of 
(1) change from insoluble proteid (calcium paracasein) into (2) 
proteid soluble in salt solution, and this into (3) water-soluble 

proteids, under which conditions we were supposed to have — 

(1st.) All insoluble proteid (calcium paracasein). 
(2d.) Mixture of (a) insoluble proteid and (b) proteid soluble 

in salt solution. 

(3d.) Mixture of (a) insoluble proteid, (b) proteid soluble in 

salt solution, and (c) water-soluble proteids. 

It is thus seen that, according to the view formerly held, two 
points in the series of changes were entirely overlooked: (1) the 

complete conversion of the insoluble proteid (calcium paracasein) 

into salt-soluble proteid, and (2) the conversion of salt-soluble 

proteid into insoluble proteid. We formerly believed that the 
calcium paracasein of the fresh cheese-curd was at no time 

completely changed into salt-soluble or water-soluble forms, but 

that it persisted in some amount throughout the cheese-ripening 

process; whereas the insoluble proteid commonly found in ched- 

dar cheese, now appears to be the product formed directly from 
the salt-soluble proteid. 

The newer view is more complex in that it involves more 

changes, but is somewhat simpler in that the first step in the 

series of changes appears to be complete before the succeeding 

one takes place, that is, all the calcium paracasein appears to be 

changed into salt-soluble proteid before the succeeding insoluble 

proteid is formed. 

The newer view also makes clear a point which was never 

satisfactorily explained under the former conception. While 
it was held that water-soluble proteid in cheese was formed 

directly from the salt-soluble proteid, the fornter increasing while 

*Buls. 214, 233, 234, 236 of this Station. 
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the latter diminished, the relation was extremely irregular and 

no explanation of this irregularity could be offered. The irregu- 
larity referred to can be readily seen by referring to the nu- 

merous analyses of cheese published in previous bulletins of this 

Station. The reason of this lack of uniform relation between 

salt-soluble and water-soluble proteid is now quite clear, if we 

understand that an intermediate insoluble proteid is formed, 

and that this precedes by some time the rapid formation of 

water-soluble proteids. 

CHANGES: IN. CALCIUM : AND ‘PHOSPHORIC = ACID | COMPOUNDS aa. 

CHEDDAR CHEESE. 

Simultaneously with some of the changes occurring in the 
proteids, we have changes taking place in the inorganic con- 
stituents of the cheese, especially the calcium and phosphoric 

acid compounds. ‘Tricalcium phosphate is the principal phos- 

phate in fresh cheddar cheese-curd. There is probably some 

dicalcium phosphate and also small amounts of tri- and di- 

magnesium phosphates, but these details are immaterial at this 

time. The main fact. is that the calcium and phosphoric acid 

compounds of cheese which are insoluble at the start, gradually 

become soluble until about 80 per ct. of the calcium and all of 

the phosphates appear in water solution. This change is due 

to the formation of lactic acid and its action upon the phos- 

phates of the cheese, changing insoluble into soluble phosphates 

and forming at the same time calcium lactate. The maximum 

amount of calcium is found in water solution at about the same 

time the phosphoric acid becomes entirely water-soluble. This 

appears to indicate that the water-soluble calcium present in 

cheese in its early history comes from inorganic combinations, 

mainly tri-calcium phosphate, and not from the calcium com- 

bined with paracasein as calcium paracasein. 

Another point of interest in connection with the calcium of 

cheese is that we find calcium present in the salt-soluble portion 

of cheese. In the cases in which special determinations have 

been made we find that about 20 per ct. of all the calcium in 

the cheese is in the salt-soluble portion. This suggests that the 

salt-soluble proteid either holds calcium salts mechanically or 

that the proteid molecule is still combined with calcium or some 

calcium compound and is not entirely calcium-free as we have 

previously believed. In the case of some unpublished work done 
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by one of us on camembert cheese, it was found that the salt- 

soluble product became completely insoluble, at which time the 

calcium was entirely water-soluble. Question arises as_ to 

whether the salt-soluble proteid is necessarily free paracasein or 

whether it may not be a calcium salt of paracasein or a mixture 

of free paracasein and calcium paracasein. Another question is 

as to the character of the change in the proteid in going from 

the salt-soluble to the insoluble form. These details we are at 

work on and are encouraged to hope that satisfactory explana- 

tions may be found for these questions. 

Associated with these questions is the characteristic behavior 

of the cheese curd which it manifests in its ductile and plastic 

properties. Has the presence of soluble calcium salts any pe- 

culiar influence upon the curd which accounts for these prop- 

erties, apart from any change in the composition of the proteid 

itself? | | 
It may be further mentioned that the salt-soluble extract of 

cheese is always acid to phenolphthalein and the degree of acid- 

ity is about equal to that shown by calcium paracasein. 

¢ 
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CHEMICAL STUDIES OF CAMEMBERT 
CHEESE.* 

ALFRED W. BOSWORTH. 

SUMMARY. 

I. Camembert cheese can be made in the laboratory which com- 

pares very closely to the cheeses found upon the American market, 

to the cheeses imported from Europe, and to those worked upon by 

other investigators. 

2. The only function of the rennet in this type of cheese is to 

coagulate the milk. | 

3. The bacteria are responsible for the most important chemical 

changes which take place in the cheese during its early history. 

4. The changes caused by the bacteria, directly or indirectly, are 

as follows: 

(a) Lactic acid is produced from milk sugar. 

(b) This acid as formed combines with some of the insoluble © 
calcium which is present in a new cheese as phosphates and as cal- 

cium paracasein. 

(c) The lactic acid in combining with some of the calcium of 
the insoluble phosphates produces calcium lactate and soluble phos- 

phates. ‘These soluble phosphates are acid salts and increase the 

acidity of the cheese. | 

(d) The production of lactic acid in some way, as yet not known, 

has an effect upon the calcium paracasein whereby it is completely 

changed into a form soluble in 5 per ct. salt solution. 

(e) The further production of lactic acid changes this salt- 

soluble compound into a form insoluble in salt solution and water. 

5. Ihe acidity of camembert cheese is due, mainly, to two things: 

Paracasein and mono-calcium phosphate (CaH,P,O,). 

6. One of the characteristic differences in the making of cheddar 

cheese and camembert cheese seems to be the proper control of the 

production of the salt-soluble compound and of the subsequent 

change in this compound. 

«A reprint of Tech. Bul. No. 5. 
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7. Molds are responsible for that part of the ripening of the 

cheese in which the compact insoluble curd is changed in texture 

and becomes a soft creamy mass almost entirely soluble in water. 

This is due to enzyms produced by the molds. 

INTRODUCTION. 

Early in the year 1904 some cheese investigations were started 

at the Storrs Agricultural Experiment Station, Storrs, Conn. This 

was cooperative work carried on by the Dairy Division of the U. S. 

Department of Agriculture and the Storrs Agricultural Experiment 

Station. The author accepted the position as chemist for this in- 

vestigation and worked upon the problems connected with it until 

May, 1905, when he accepted a position at the New York Agri- 

cultural Experiment Station. 

While at Storrs the proximity of Yale University permitted much 

time to be spent in the Laboratory of Physiological Chemistry of 

the Sheffield Scientific School, and the author wishes to acknowledge 

that his studies upon the salt-soluble form of casein found in 

cheeses are due to the influence of Dr. L. B. Mendel of that Labo- 

ratory. ; 
The author also wishes to acknowledge the great help received 

through the opportunity to consult with Dr. L. L. Van Slyke, 

Chemist of this Station, and through his kindness in allowing the 

work to be carried on along with regular work of the laboratory. 

While connected with the cheese work at Storrs the author be- 

came much interested in the problems connected with the making 

of camembert cheese. He was unable to make a complete study of 

the chemical problems involved during his short stay there. Soon 
after taking up his duties at Geneva, study of the problems was 

resumed as opportunity offered, with the hope of making some 

points more clear. 

This paper is therefore published at this time because the author 

is unable to continue the work at present, and it seems best to pre- 

sent the studies so far made with the hope that some time in the 

future the work may be continued and developed. 

It has been the aim to cover in this paper all the preliminary 

stages in such shape that a clear idea of the nature of the funda- 

mental chemical changes may be obtained. Those interested in the 

work are referred to the following bulletins on the subject which 
have been published by the Dairy Division of the Bureau of Animal 

Industry of the U. S. Department of Agriculture: 
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Bulletin 71 treats the whole subject of camembert cheese in a 

preliminary way; 

Bulletin 82 discusses the subject of molds used in making camem- 

bert cheese; and 

Bulletin 08 gives detailed directions for making this vAe of 

cheese. 

In these papers it is shown that in the making and ripening of 

camembert cheese there are three sets of active agents employed: 

1. Bacteria are introduced into the milk to produce the proper 

acidity. These bacteria, or some of them, remain in the cheese and 

by the subsequent production of acid are responsible for other deep- 

seated changes. 

2. Rennet is added to the milk to procite the coagulum or curd. 

3. Certain kinds of molds are allowed to develop on the surface 

of the cheese. These molds produce proteolytic ferments which are 

responsible for the changes the curd undergoes after the bacterial 

action is complete. 

Each of these agents produces a change in the cheese which is 

easy to follow and distinguish from the changes produced by the 

other agencies; for the changes occur at separate periods of the 

process. : 

After the rennet has set the curd, the bacterial activity is very 

marked and can be followed because the mold exerts no influence 

upon the cheese until after the curd is 12 to 14 days old. By that 

time the bacterial action is completed and the bacteria have been 

reduced to comparatively small numbers. 

METHOD OF MAKING CAMEMBERT CHEESE. 

A brief outline of the process of making and ripening camembert 

cheese is as follows: The milk is first brought to the proper degree 

of acidity, and the curd is then produced by the action of rennet, 

enough rennet being added to form a solid curd which can be cut 

in about one and one-half to two hours. | 

The curd after being cut is allowed to stand in the whey a short 

time and is then ladled into forms and allowed to drain without 

pressure. After a few hours mold spores are sprinkled over the 

cheese. In about 24 hours the cheese has settled into a mass which 

*For more complete details of the methods of making and ripening this 

type of cheese the reader is referred to Bulletin 98, of the Dairy Division, 

Bureau of Animal Industry, U. S. Department of Agriculture, entitled 

“Directions for making the camembert type of cheese.” By Theodore 

Issajeff. 
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will hold its own form. It is then rolled in salt, and carried to the 

ripening room, where it remains during the process of ripening, 

being turned occasionally to insure an even growth of mold on the 

surface. This ripening requires about four to five weeks to become 

coniplete, during which time the cheese is changed in texture and,» 

composition. The active agent, an enzym produced by the mold 

which grows upon the surface of the cheese, begins to produce 

proteolysis at or near the surface and works toward the center of 

the cheese until the entire curd has been acted upon, being trans- 

formed from a compact, insoluble curd to a soft, creamy mass which 

is very soluble in water. With this change a peculiar flavor de- 

velops, characteristic of this type of cheese. 

METHODS OF ANALYSIS. 
Van Slyke and Hart? have published methods for the separa- 

tion of the groups of proteolytic compounds found in cheddar 
cheese. For comparative studies their methods serve very well 

and have been used for the work contained in this paper, with 

but slight modifications. As the cheese is cylindrical in form, 

being about 4 inches in diameter and one and one fourth inches 

high, a sample the whole thickness of the cheese was taken for 

analysis. In taking a sample. therefore a wedge-shaped piece, 

weighing about 25 grams, with the apex at the vertical axis of 

the cheese, was taken. This was placed in a covered dish, 

weighed, and then rubbed up in a mortar with two successive 

portions of 200 cc. each of water. This was then heated in a 
water bath at 50° C. for half an hour, with occasional shaking, 

the supernatant liquid decanted onto a cotton filter and the 

extraction continued with 150 cc. portions of water until 1,000 

cc. of solution was obtained. 

To secure the salt extract, the residue from the water extract 

was treated with a 5 per ct. salt solution in the same manner 

as described for obtaining the water extract. 
In determining peptones, tannic acid was always used. In 

this case 100 cc. of the water extract was placed in a 500 cc. 

flask, diluted to about 400 cc. and salt and tannic acid added 

according to the methods mentioned above, and allowed to stand 

over night. It was then made up to the 500 cc. mark filtered, 

and 100 cc. portions used for the determinations. : 

Phosphotungstic acid was tried but seemed to possess no par- 

ticular advantage for the work. ] 

2N. Y. Agri. Expt. Sta. (Geneva) Bul. 215. 
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COMPARISON OF THE CHEESES STUDIED WITH 

THOSE FOUND ON THE MARKET. 

The general nature of this type of cheese was ascertained by 

securing results of analysis by other workers and also by exam- 

ining the cheeses as found upon the market. 

The composition of camembert cheese as found by some in- 

vestigators is given in the first section of the following table, 

which is taken from Richmond’s Dairy Chemistry; while: the 

composition of cheeses analyzed by the author is shown in the 

second section. 

TABLE I.— GENERAL COMPOSITION OF CAMEMBERT CHEESE AS FOUND BY 

DIFFERENT INVESTIGATORS. 

Authority. Water. Fat. Proteids. Ash. Laan 

Per ct. Per ct Per ct Per ct. Per ct 
Gelato SO Lt aoe ee 45.24 30.31 19.75 4. TON AR See 
OGICBOR cela ice, Cae teees ce ae 50.90 2130 18.66 3. 145i) Se eee 
Cameron’ és Aikman cy. fie). 51.30 DnsO 19.00 4.70) (Ss Cee eee 
Wetiman cc) beam. outa ode te 51.90 21.00 18.90 4.10 | 72 eee 
Rearmainés Moors 3 cei). 8 45.65 Pcl PRE 23.10 4.25 |e. eee 
IN Reiss Re ie Pe RD OC ed Oe 48.78 A les 5 19.71 9.80 0.36 

The author 
OheesevA Kinet. vasa caste: 46.36 30.19 20 .32 2. OF -by cies 2 ee 
Cheese BD itornde. theta 45.87 le Ae 17.90 3.33 | 2a 

x A—Cheese 3 days old. 
+ B—Cheese when ready to eat. 

The nature of the nitrogenous compounds present in ripe 

camembert cheese is shown in the following table. 

TABLE IJ.— Forms or NITROGENOUS COMPOUNDS IN CAMEMBERT CHEESE. 
= == 22H === eet 

Per- 
Per- Per- 

Per- ee aa centage | centage 
Water- | centage ¢ of of 

Total Sohiabie of total | water- tated ELBE ra A 
Analyst, and source of cheese nitro- Bid nitro- | soluble soluble 1 ble 

analyzed. gen in weds gen in | nitrogen| >: acrectes 
cheese. gen in water- precipi- nitrogen nitrogen 

cheese. soluble | tated by present | present 
: as as am- 

form. Sa amids. | monia. 

Per ct. Per ct. Per ct. Per ct. Per ct. Per ct. 
Analysis DY otilozeress . wane eles "2590 2.79 96.03 46.03 40.11 13.86 
Analysis by author: 

Cheese made in America..... are x tat bat 91.74 66.24 yy as | LV 25 
Uhéése made an Germain secile Oe eae. tian eh hie lee eee 60537 S2eOe (a whl 
Cheese made in France....... oy ls 2 ho 94.89 49.83 29.97 20.20 
Cheese made by author...... PN 524 2.25 89.29 tag ia! 44.89 20.00 
Cheese ‘made'by aitthor Ho..2 eal eee i Se oe eee 52.07 Sori 14.79 

| GP eS ST SN RE SE SIT SSS SS TES LETS SARS AS PSSA SSE SSSI IPRS Sa SNe Se Senne man S Wenke TSS oe ene 
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Table I shows our cheeses to be normal in composition. The 

low water and high fat figures are due to the fact that we used 

whole milk which was rich in fat, aad also to the fact that in 

Europe in some factories, it is said, the milk is first separated and 

then remixed in order to give a milk with a lower fat content. 

It will be noticed that our figures agree very closely with those 

given by Duclaux. 

Table II shows that there is no dennis standard by which to be 

guided when we come to examine the amount of nitrogen in the 

different groups of nitrogen compounds. A wide variation is found 

among cheeses known to be true camembert cheeses and of good 

quality. This we should expect; for when we are considering a 

question where enzyms are concerned there are many factors 

which influence the activity and no two cheeses could be handled 

in such a manner as to give the same absolute results. 

The main point in this connection is to secure a type of proteolysis 

similar in action to that in true camembert cheese. This has been 

done, as Table II shows. The details of controlling this to secure 

uniform results is another problém which is left to the practical 

cheese maker. 

CHEMICAL CHANGES IN CHEESE. 

RENNET. 

The rennet when added to the milk causes the casein to coagu- 

late. This precipitate, or curd, carries down with it most of the 

fat and some of the milk sugar, together with some of the inor- 

ganic salts. In this type of cheese this seems to be the only func- 

tion of rennet. 

BACTERIA. 

In order to study the chemical changes due to bacterial action 
two sets of cheeses were made and examined and the results are 

given in Tables III, 1V and V. The figures in Table IV are 

obtained from those in Table III and will be readily understood. 

The first set of cheeses was made as follows: Milk from the 

previous evening’s milking was heated to 86° F. and a small 

amount of starter added. Rennet was added in amount to curdle 

to the proper thickness in one and a half hours. The curd was 

then cut, allowed to stand in the whey one half hour, and then 
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dipped into forms made for the purpose. The whey was allowed 

to drain away without pressure and caught in bottles containing 

chloroform to prevent further bacterial action. 

The first sample was taken 5 minutes after all the curd had 

been dipped into the forms. The cheeses were examined at 
intervals of 2 or 244 hours during the first 24 hours and deter- 

minations made as indicated in the tables. 
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TABLE I1V.— CHANGES IN SOLUBILITY OF CHEESE CoMPpouNDS DurING EARLY 

RIPENING. 

Ss Per- Per- Per- Per- 
5 centage centage Per- centage centage 
g Total of total | of total | centage of in- of total 
3 solids nitrogen | nitrogen | of total organic CaO 
a Age of curd. in in in ash P, O; soluble 
2 ; cheese. water- salt- soluble soluble 2 tH 
a. soluble soluble | in water. in water. 
5 form. form. water. 
a 

Per ct. Per ct. Per ct. Per ct Per ct Per ct 
Os HRA Ry il PAN ae an PR Ae Dae ha a 21.59 van OF) 6.72 2) detonate ae 
2 QENOULS oe Mn ee 26.46 11.02 3494 44 23 Lo0Do 39.02 
3 BH UELO UTR sare ae ee 29.46 8.43 SeeS Do.oo 76.47 39.53 
4 Te NOUTS) oe ie S2.04 TRAD) 16.04 70.70 102.80 64.44 
Dawe uehours enemies oe 38.15 7.96 54.72 76.42 94.87 82.22 
Ghadeshoursi omen ae 40.17 8.53 28.91 78.73 100.00 95.35 
Wal Laei hours ope cick 42.22 4.63 16.67 83.74 100.00 95.75 
Sil elOe NOULS.c pee Avie 4.39 11.40 75.40 100.00 97.62 
ORS ISs Ours: ie, ee 42.02 7.98 15.02 1. hey Fo ee 

LOM 20svhours lee. ee 44.42 4.84 15152 88 .24 sc eee 100.00 
Lu 2a hours ee ALeTL 5.26 12.28 Vicwe Kae ee St. 100.00 
12 21 davsy ors tine 42.70 5210 4.39 7(.12000 nee 100.00 
13 OMS aS eae cen Miu ieee 63.37 6.56 6.56 61 OSGi ae ae 100.00 

CHANGES IN THE MILK SUGAR. 

The curd soon after being formed contained 4.10. per ct. 

sugar. After being placed in the forms and whey allowed to 
drain away the sugar content is found to be 5 per ct. From 

this time the amount of sugar present is found to decrease. Dur- 

ing the first 24 hours some of the loss is due to drainage of whey. 

CHANGES IN THE PHOSPHORUS. 

With this change in the sugar is noticed an increase in the 
amount of water-soluble phosphorus. The lactic acid, as formed 
by bacterial action on the milk sugar, unites with part of the 
calcium of the insoluble phosphates, forming calcium lactate 

and soluble calcium phosphate (CaH,P.,O,). 

ACIDITY, 

Along with the decrease in sugar and increase in soluble phos- 

phates is noticed an increase in the acidity of the water extract 

.of the cheese. This acidity is not due directly to the lactic acid 

formed, for the lactic acid is not present as free acid but as 

calcium lactate. The acidity is due to phosphates formed by the 
partial decalcification of the insoluble phosphates by the lactic 

acid. 

In studying the changes in the phosphorus it was noticed that 
the maximum acidity of the cheese was reached at the time 
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when all the inorganic phosphorous became water-soluble. It 
was also noticed that the water extract of cheese is usually 

neutral or nearly neutral to litmus and quite strongly acid to 

phenolphthalein. If the acidity were due to lactic acid tne reac- 

tion towards litmus would be as strong as towards phenolph- 

thalein. This would be the case in a cheese less than 12 days 

old. ' Up to that time the amount of water-soluble proteids is 

quite small and constant and does not influence the acidity. 

The reaction of the cheese mass towards litmus is decidedly 

acid, due to the paracasein which reacts acid to litmus in the 

state in which it is found in cheese. 

CHANGES IN THE CALCIUM. 

Parallel with the other changes noted above, a change in the 

calcium is found. This is gradually rendered water-soluble but 

does not reach 100 per ct. of the total calcium until after all 

the phosphates have become soluble. This is due to the faci 

that the calcium is present in two combinations, with the phos- 

phoric acid and paracasein. The calcium combined with the 

phosphoric acid is all rendered water-soluble before that com- 

bined with the paracasein. 
The change in the calcium is directly connected with the 

changes in the proteids. 

CHANGES IN THE PROTEIDS. 

By an examination of Tables III and IV it will be seen that 

the solubility of the proteid in 5 per ct. salt solution under- 

goes rapid changes. After 10 hours the salt-soluble nitrogen 

amounts to 54.72 per ct. of the total nitrogen and then drops 

to 28.91 per ct. The question at once arose as to whether 54.72 

per ct. was the maximum amount of salt-soluble nitrogen formed 

or whether it at some time reached 100 per ct. of the total 

GAILOPen: 

This salt-soluble nitrogen is formed by the decalcification 

(either partly or wholly) of the calcium paracasein by the lactic 

acid which is produced by the action of bacteria upon the 

milk sugar. 
This change in the paracasein takes place quite rapidly and 

in order to study this point a special set of cheeses was made. 

In making normal cheese the ripening of the milk allows the 

~ development of a great number of bacteria and the change in 
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the milk sugar, with the development of acid, goes on very 

rapidly. It was hoped that, by making a set of cheeses without 

the addition of a starter and omitting the ripening process in the 

milk, and by taking samples at short intervals a set of figures 
could be obtained showing the decrease in the milk sugar, the 

development of acidity, and the changes which the paracasein 

undergoes. 

A set of cheeses was made in this manner and the figures 

obtained are given in Table V. 

TABLE V.— CHANGES IN THE SALT-SOLUBLE COMPOUND, THE LACTOSE AND 

THE ACIDITY IN CAMEMBERT CHEESE MADE WITHOUT STARTER. 
eee 

a Toten persis 

Total Bee [Ss ae or tae | Acidity : soluble total Sugar water 
he ahs Age of curd. a ab nitrogen} nitrogen im extract oe Eee 

‘ otcaxe in in salt- | cheese. | of 100g. | 2, y_16 
S€- | cheese. | soluble cheese 3 

form. as N-10. 

Per ct Per ct. Per ct Per ct. OE Gc 
LD ein.  LStnda ye a) 3 hours... 1.20 0.08 2.50 3.94 14.0 8.0 
Hpom. Istiday..%, 7 Nourse: 1.78 0.06 pe 2.68 14.0 end 
Ssp. mi. istiday..... TAshours.. iawele ao 0.06 3.43 2.19 y2ee0 6.0 
Mavi. 2d- daw.es: Tp hours 1.78 0.08 4.48 1.81 1920. ie ee 
eat. 2G ayvals.: 19 hours... ; 1.90 0.04 Die AAL 1.89 | D4 he hes Ga ete 
Oras mn J2diday.2) 4 reo ours. 1.99 0.04 2.04 1376 4720 nis et 
Ip. 2d davias. 24 NOUrs... + Dias LOZ 44.89 Lote 95. .0. he 2 eee 
Dipoemo2zdidaye. a dsol hours, 2.09 1.92 91.87 1.48 110:.0 | eee 
OD. Mice. Gay vy we 35 hours... 2.45 0.91 37.14 ile ge io 11.5 Ones eer ates 
Olas musdiday. te. 47 hours... 2.28 0.86 eed nae 0.88 L832. OMe Rec 
9a.m. 4th day... @ichours: ss. 2.20 0.68 30.91 0.72 147. OU ee ee 
O'a.m.d5th day. - 95 hours... 2.63 0.77 29.28 0.50 167,QAa ieee tree 
9a. m. 6th day...| 119 hours... PAE 0.92 36.65 0.48 182.2045 aes eee 
9.a.m. 7 th day...| 143 hours... 2.93 OR2L 9 122 0.47 152: Oy eee eae 
iam LOL idaryie ey aheas ee cies ce eh tines ee aie | oe et | ee a trace jesse 

The rennet was added to the milk at 10.00 A. M. March 10, 1906. 

In this case a sample was secured showing 91.87 per ct: of 

the total nitrogen in the salt-soluble form. This percentage 

rapidly decreased, going down as low as 4.39 per ct. of the total 

nitrogen. The question at once came up as to what causes this 

double change in the paracasein. _ 

According to VanSlyke and Hart® the salt-soluble compound 

was thought to be base-free paracasein. Now if this is true we 

should expect all the calcium of the calcium paracasein to be 

split off from it and formed into calcium lactate which is soluble 

in water and would therefore be found in the water extract. 

That this is not the case will be seen by a glance at Table IV. 

There it is shown that all the phosphorus present in the cheese 

NY. AgrlL vb xpteosta: iGehevad Bul. 261. 
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as phosphates becomes water-soluble very early in the ripening, 

so that any insoluble calcium which may be present could not be 

there as phosphates. The calcium as calcium lactate would be 

in the water extract so that the only way the calcium could 

be combined would be with the paracasein. As confirming this 

we have the fact as shown in Table IV that the whole of the 
calcium does not become water soluble until ‘all the paracasein 

has been changed from the salt-soluble form to a form insoluble: 

in both water and salt solution. 

Work is being done by Dr. L. L. VanSlyke and the author to 
determine the nature of these changes in the cheese and what 

the changes in the paracasein are. 

Pore oNCLION OF. THE LACTIC ACID BACTERIA. 

Previous work done by the author while connected with the 

U. S. Department of Agriculture shows that the rennet added 

to curdle the milk and the bacteria present in the cheese play. 

practically no part in the ripening of the cheese after the first 

ten or twelve days; that is, up to the time when proteolysis 

begins. The actual ripening of the cheese from that point is due 

to the action of molds growing upon the surface of the cheese. 

The real function of the bacteria may be placed under two 

headings. 

1. To change the milk sugar into lactic acid thereby producing 

the changes in the paracasein noted in this paper. 

2. By their growth in great numbers and their production of 

acid to inhibit nearly all other forms of bacterial life. 

There seem to be good grounds for believing that the part the 

lactic organisms play in the ripening of nearly all types of cheese 

is the same, 1. e., to develop acid ‘and thus bring about the changes in 

the paracasein. The extent of this change is quite different in 

the several types of cheese and may be one of the fundamentals 

which differentiate the types, their form of ripening and their. 

_ flavor. . | 

As an illustration, take the camembert and cheddar types. 

In the camembert type the paracasein-all becomes soluble in 

salt solution and all this is further changed into an insoluble 

form. In cheddar cheese the paracasein is all changed into the 

salt-soluble form but not enough acid is produced (due to the 

method of making this type of cheese) to change this all into. 
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the insoluble form. We therefore find in this cheese that from 

25 to 50 per ct. of the nitrogen is present in the salt-soluble 

form.* 

MOLDS. 

The molds present upon the surface of the cheese play a very 

important, if not the most important, part in the ripening of 

camembert cheese. 
- Spores are scattered upon the surface of the cheese when it 
is one or two days old; and these germinate and grow, producing 

a white velvety mass on the cheese which turns a dirty green 
about the tenth or twelfth day, due to the ripening of the spores. 

About this time the true ripening of the cheese begins, due to 

the liberation of a proteolytic ferment which penetrates slowly 

into the cheese, breaking the paracasein down into simpler forms 

of nitrogen compounds. It requires about four weeks for the 

entire mass to be acted upon. 

The author has been able to secure a liquid which possesses 

strong proteolytic power by growing the kind of mold® used in 

making camembert cheese upon a modification of Raulin’s fluid.” 

Proteolytic action was obtained in a range from 0.6 per ct. 

hydrochloric acid to 1.8 per ct. sodium carbonate, being 

strongest in weak sodium carbonate. No studies have yet been 

made to ascertain the nature of this ferment. The only fact of 

importance noted is that a strong proteolytic action is obtained 

by it in the presence of considerable acid phosphate (CaH,P,O,) 
which condition exists in a cheese. 

The nature of the changes produced by the enzym of the 

mold is shown in Table VI. 

*The changes which take place in cheddar cheese have been worked upon 

by Dr. L. L. VanSlyke and the author.. It was found that the changes are 

the same as in camembert cheese but not so complete. For a full discussion 

of these changes, their cause, effects and relation to cheese ripening, the 

reader is referred to Technical Bul. 4 of this Station. (Page 152 of this 

Report.) : 

5 Penicillium camemberti Thom. 

8U..S) Dept. Agra B.A Ty Bul..82,"p.516. 
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TABLE VI.— CHANGES IN CAMEMBERT CHEESE DuE To ENzym ACTION. 

Percentage 
de merry isa of total fete age ce re 

ee ota . . nitrogen in of tota of tota 
AGE “5 Re aaa nitrogen pee 1 lform of para-| nitrogen in | nitrogen in 

in cheese.* ah a nuclein, form of form of 
rene caseoses and amids. ammonia. 

5 peptones. 

Per ‘ct. Per ct. Per ct Per ct. Per ct. 
UE Sh OR a 2.73 Lie 2 es 8.42 £010) 
SSH AY caRRC Aiea aE Paes" 15702 hagca833 7.69 0 
S15 Oak: Ke 2 Sl 16.02 8.54 7.48 0 
Shea Bhp tase tee beatae Bato 19.78 9.89 9.89 0 
pe meE eiiet. «+ A. 2.81 18.51 8.90 9.61 0 
I ic aeke a 2.92 18.15 9.59 8.56 0 

Te Re Fd Ae 25.98 12.46 Lsraz 0 
1h 08 23 oe a 2.92 25.68 4.79 20.89 0 
Le OT aside hy oe 2.90 23.79 S.oO2 18.27 0 
pS Oh ed aie Ca a 2.92 56,51 40 .07 16.44 0 
LES ye) a ee 2.90 60.69 43.79 16.55 O35, 
EAA MSP lici. 8 ss 2.65 60.00 43 .02 L6s25 One 
BAS Ae a 2 2.90 63.79 47.24 14.48 2107 
rl bes Se ae ee rr 2.65 67.55 A Ny 18.11 AES A 
Pn ENN oh nak, “white, 4 e, « 2.61 80.08 54.41 17.62 ro OS) 

A study of Table VI will show the following facts: 
I.“The watet-soluble nitrogen does not increase appreciably 

until the cheése is ten days old. 

2. The extent of the proteolysis is_ great, over 80 per ct. of 

the nitrogen being rendered water-soluble in 4 weeks. 
3. Considerable ammonia is produced, but it does not appear 

until some days after proteolysis has started. 

GENERAL SUMMARY. 

The work presented in this paper, together with the other 

papers recently published,’ demonstrates that the camembert 

type of cheese can be made in this country. The only difficulty 

is in understanding and controlling the complex changes which 

take place’ during the process of making this cheese. If the 

cheese is started correctly it will require little attention; and the 

chemical changes, when once started, work automatically. 

Due consideration must be given to the fact that, whereas the 

chemical changes are the same in the early stages of the ripen- 

ing as in the hard cheeses, they are, however, more extensive. 

Regard must be paid to this fact, and proper manipulation given 

the curd. 
It seems to be an established fact that the only function of 

the rennet is to produce the coagulation of the milk. Any 

proteolysis produced by the rennet is very small in extent during 

Paizoc,. cits 
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the few weeks required to ripen this type of cheese and may 

safely be said to be of no importance in the process. 

The bacteria also play no part in the proteolysis of the cheese. 

Their function is to change the lactose to lactic acid and thereby 

change the paracasein into a form desirable for the future action 

of the enzyms. 

It is also an established fact that the acidity of cheese is not 

due to lactic acid’ as commonly believed, but to mono-calcium- 

phosphate (CaH,P,O,) which is formed by the action of the 
lactic acid, produced by bacterial action, upon the insoluble: 

phosphates always found in fresh cheese curd. | 

The changes in the paracasein of the newly made cheese curd 
are more extensive than had hitherto been supposed, and the 

proof of another chemical change in the paracasein is established 

showing that the salt-soluble compound found by Van Slyke and 

Hart? undergoes another change which renders it insoluble again 

and that this insoluble product is the one attacked by the enzyms 

in the cheese and changed further into complex groups of water 

soluble forms.’ 

* Paper by the author read at the meeting of the Assoc. Off. Agrl. Chemists, 

Nov., 1906. “ The acidity of cheese and its determination.” 
bse cit: ; 
* For a more complete discussion of this point see Technical Bul. 4 of 

this Station. 
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IV. ANALYSES OF MISCELLANEOUS 
| MATERIALS.* 

L. L.. VAN SLYKE. 

SUMMARY. 

This Bulletin includes the results of analysis of a great variety 

of materials which have come to the Station from time to time. 

Representative cases have been selected for publication. The 

materials included are (1) ashes, (2) dried blood, (3) nitrate of 

soda, (4) meat meal and tankage, (5) potash salts, (6) muck soils, 

(7) the fertilizer constituents of miscellaneous materials, (8) con- 

stituents of miscellaneous feeding stuffs, (9g) molasses refuse, (10) 

commercial gruels, (11) poultry foods, (12) maple sugar, (13) 

home-made cider vinegar, (14) dried apples. 

INTRODUCTION. 

The Station has done gratuitously a large amount of work for 

individual farmers of New York State in the way of chemical 

analysis of materials connected with agriculture. As a result of 

this kind of work, large numbers of analyses of various kinds of 

materials have accumulated in our records during the twenty-five 

years of the Station’s existence. It has seemed desirable to select 

from the data at hand such representative cases as would be of 

interest and to publish these for reference. 

We have indicated in the tables such facts as would add interest 

to the results of analysis, so far as we are able to gain informa- 

tion regarding the samples. 

Ae CLES, 

In most cases a determination of potash only was called for, 

but in a few instances phosphoric acid also was estimated. We 

notice the following facts furnished by the tabulated results: 
1. In the samples of wood ashes examined, the potash varies 

from about 1 to 10 per ct. About one-half of these samples were 

below 4 per ct. in potash, and only about one-third contained over 

_*A reprint of Bulletin No. 293. 
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5 per ct. of potash. - Good wood ashes are supposed to, and should 

contain about 5 per ct. of potash. 
2. The one sample of ashes known to be leached contained 

0.69 per ct. of potash. 

3. Canada ashes vary in potash from 3.56 to 6.62 ber ct: 
4. Coal ashes contain practically no potash. 
5. Crematory ashes are made by burning city garbage and 

contain I to 2 per ct. of potash. 

From the results obtained with samples of wood ashes, as 

given above, it would seem that this material should be pur- 

chased with extreme caution, and in no case without a definite, 

guaranteed percentage of potash. 

TABLE I— ANALYSES OF ASHES. 

rs) © 
eye Phos- | .,& Phos- 
og Potash. | phoric og Potash. | phoric 
ok acid. 63 acid 
va a 

Ashes Per ct Ashes Per ct 
IORI... cee eee OF83 4] eae 88 COG, Aa, am 5.2 18 8 terpeeiee 
AB el BORE tien + ht vale O41 line ere 107 SS MRR ce hn ty, eae 5; SAAS eee 
AS LRA. Neen iin ull A ees ae Oe 23)" | teense 108 ET Nr eet. 3 94a sees 
S49, Sime nee hee ces aan Ty. GOs ee cece 319 ree I Nee ees. 6.08, | een ee 
SOTA Cenc chee Sis he OF43 i pee nee 326 Brae tes St 3.69 See 
25 | Acid Factory 1 Re ee ob? Se 327, hs yh Ue a 3.68, |e 

317 uh: ¢ UPR Pal Ue IB 335 ORs ee 3. LS) eee 
Si SuimCanada ue. seen. ETAT hotel tect Sete 348 ieeetn 4 See sh tO 5 790 ae 
540 ya Oe en ee SOR 3.05.) teat eels te 349 in) GL) aes 2 7 ee 
543 CO eR oe at a ACC) Merce 350 a Oe 2.048) | eae 
599 nahi! Mieke had 8 Badass Bo al ic eee 378 ie ASS 2 et eee 7 SO eee oe eae 
600 SD Re HER CoS EAL S00 see ee at 384 ee Al 38: 87s. Saree 
625 Ba one Re ae hag Bae Pe Meee, 399 OTs a ee ae 6.05) ee 
438 | Canada hardwood 6. 620 ee ae 407 eee truer A.” 6.87 1.63 
814 COON Ae pee cate QO: SOO Phere ve 408 SES yi. US te ae 5.02 ee 
17 | Crematory, from 433 ey Oi ae Pa 6. TP eee 

parbabe.. take tc Dike 3.91 434 Me ee 2.09. | tee ee 
813 | Crematory, N. Y. 491 MEEPS tio os. 5:28 th Sate 

for h ral ded Adee otis) Raat ee SOD e hanes s © 496 Mh AOE ery ey ae 6.94) aoe 
24.4) Hard wood: oe LO POOR LMA <i .cese 505 ORS ES. See 4.705) cee 

788 Be oh? CaINGALS 45 STN 3 tL on ere ens 511 en) See Si 3 287 | ae 
G2inl leached: wn). s eo: “ O169 eens 513 So SIMA SINE 4:64. to geen ee 
59S Ho Michigah seg a oe AD Gl shine ocean 515 Sit a ee 1 4° 7051 fee 
19 | Mixed coal and 527 MOPS 2 1 Rees 4.30 | 2 eeeee 

MT OOCMaiecete teed 0.38 0.47 528 fst eee ae 3.5 eee 
G23 hi Sawemils ee ee Se lige eee 533 So ES ae 3:70 i 
(Sila aSOlt=wOOdsapnta was SSO Mike 535 ESOT as 3.98) iieceteee 
628:}; Unleachedu.?, J... 675. W eee 594 EMER Gee? Db Sel Sena eee 
838 | Waste-paper...... 0.00 0.38 596 Oaks ack tee 4363) eee ees 

Pai WiOOdg eee eee Fava O74) Mae ae? 6 A? 616 Ay ed eee 5.36 Baro rediy 
2 i, ACRE ee 2S he tee 725 rg a We 9 0.96 
3 er ee te eae a TR Wy Ie ne 730 EE Ke voi BAT pete 
9 SAS). OL. Lae re apo ap (eel Pa ae 749 SOD 206) ee eee 4 (0000 eee 

32 ND a ae ree 25 OG tl een oh 754 te ee a ee Bie Lebv. 1a tree 
34 EAS SOME on 774 f Cores SAD 1502. aoa 
35 4 6.71 1.60 776 Oe ee 1.1024) eee 
42 % Co Lah Ret 791 Sy ae e aes S45. | Ree 
47 # aS TR He gh Rk ae Be 839 da ey VO ne 2,68 lors pee 
50 $ NSO REE She 840 “6 Vise ste Lene 4 Ol! | eee 
81 *f 8.67 ie 841 Bat eS AEN. 1 67.) ae ae 
85 ” ASOT Nee ts 822 “ ~~ (ime-kiln). 5:32) i eeu ‘ 
87 Ss Dene dal cdciachiotiotes 
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Toop RIE D'BLOOD, 

The important commercial constituent of dried blood is 

nitrogen. In the samples examined, the blood varies from about 

9g to 15 per ct. of nitrogen. One sample, containing only 8.32 per 

ct. of nitrogen, had been damaged by fire and had suffered loss 

of nitrogen. Dried blood of good commercial quality should con- 

tain not less than Io per ct. of nitrogien. 

TABLE IT.— ANALYSES OF DRIED BLoop. 

Number Number 
of Nitrogen. of Nitrogen. 

sample. sample. 

Per ct Per ct 
MS ee, , , ects oes ba * 10.10 Sse ROL Ah eet aM 10.45 
SA ho eS Pe a 10.90 HSOMiNese seu oe er ee LT02 
LS os LAL oid aed are Pesoz, wD Ne Ga te ene SNS Pare 10.01 
ate. Sabai RS a 12 ai TOGA Ai ae Mee oh tee: 11.89 
HOV od S| oe 2S 10.21 CONAA Merwe ihc States nek nes 9.18 
ce Can dR Oe AR a 11.69 Aap Ca puy ta Bee Ta Mea bee Oo 12.08 
Ret oo ns once Gf acl eee 14.93 AQT WEOWIKeL Sahiayucietnd 4 10.80 
AROS ee Se how a os 10.39 LOSS IO WlEt Se, Se keen ce 4 13.64 
Dei els yarn ne Se Spee ean Le oa 

Rie Ne ie te) Bei 7X. 

The important element in nitrate of soda for agriculture is 

nitrogen. This substance when chemically pure contains 16.47 

per ct. of nitrogen, but the form used in agriculture contains 

some impurities. Nitrate of soda, when exposed to dampness, 

absorbs considerable moisture. The presence of impurities and 

moisture reduces the percentage of nitrogen. Nitrate of soda 

of good commercial quality should contain 15.5 to 16 per ct. 

of nitrogen.. In the samples examined, the percentage of 

nitrogen varies from 15.33 to 16.20. 

TABLE JIJ.— ANALYSES OF NITRATE OF SODA. 

it NUMBER OF SAMPLE. Nitrogen. NUMBER OF SAMPLE. Nitrogen. 

Per ct. Per ct, 
A eh as eA LR ere OU Oe wirmemerdte eget sia: Someta aah catty ae EA 15.55 
PMR CHAINS ic dle wd wiedcs e+ LO RESA Reimer pete. certs ota oh eros sean Pe Nayak 
bi BENS 1: ae eS ik VOR OS No ii, Oana ree Nico ee cede states ere 16.20 
CIS 0 cays 15.82 

Se ao SSE Sees ta yn es awe | 

IV. MEAT MEAL AND TANKAGE. 

Meat meal contains nitrogen as its most important constituent 
in relation to fertilizers. Tankage is a mixture of refuse meat 

and bone in varying proportions. Tankage contains as its im- 
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portant fertilizing constituents nitrogen and phosphoric acid. 

The proportions of these constituents vary greatly according 

to the proportions of meat and of bone used in the mixture, and 
also according to the amount of moisture left in the materials, 

which is well illustrated by the figures given below. 

TABLE I[V.— ANALYSES OF MEAT MEAL AND TANKAGE. 
Se a ma fee UIE RCE erence ee 

Number : Phos- | Number : Phos- 
of Nitro- | phoric of ess phoric 

sample Ber. acid: sample. Soe acid 

Per ct Per ct Per ct. Per ct. 
are es Meat meal.... 6 alike outs (00°... Lanka ceinmmaaes 4.69 12.69 
16 ey ankiare tear 4.54 DOPOD Mind aires. OO ne 3.53 16.57 

30 ena ote LD eae Rahel oane 1.44 PAA: holed anes AACE te 4.64 7.16 
Giasaye 4 okie 5.14 182722 1h Sit oe ars ; ote eae 4.70 14.19 
O39 e 4 PL. 3.56 Zor le 

1Moisture 53.4 per ct. 

V. COMMERCIAL POTASH SALTS. 

The salts of potash most commonly used for fertilizing pur- © 
_ poses are the muriate and sulphate. When chemically pure, 
the sulphate contains, the equivalent of 54 per ct. of potash, 
and the muriate 63 per ct. The high grades of sulphate and 
muriate found in the market contain the equivalent of about. 

50 per ct. of actual potash. These salts absorb moisture 

readily, and samples usually contain considerable moisture when 
the percentage of potash falls below 50 per ct. Kainit is an - 
impure form of sulphate,’ containing considerable amounts of 

salt and other impurities... Good kainit contains 11 or 12 per 
ct. of potash. In the samples examined, the potash varied 
from 11.79 to 14.05 per ct. The potash in the samples of muriate 
varied from about 48 to 58 per ct., while in case of the sulphate, 
there was only a little variation from 50 per ct. | 
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Taste V.— ANALyses oF Karnit, MurtAte AND SULPHATE OF POTASH. 

Number Number 
of Potash. of Potash. 

sample. sample. 

Per ct. Per ct. 
60. LSE EY Ge ae sl ae WOE OD alr mene ie Pr VLTEE LCE) sic ere 58.41 
FAG 7 AS i Se ee Cee a elec We eelthee cen, Se ANE Ratan ai bles te, 51.074 

632... WAM, Dace A Re ge a De yok Pes sE Wed on Le) a Wee e 51.58 
She DEGRA eS ose ges ace AOTOG MOOR. ha 53 .62 

Oo} eeu. Eh oe er ee URS Na OFF Vina 2 ae 47.68 
Oana se 8 Ee re Sie itty: alll Gr bei Bs ee a Ge ear ae sy eaatera 5 bra abe 52.06 

SAO ee it Og So sf oi Boa PN 1 0 ae a Eevee Sate ar, Bien soma tts SUM tae 49.46 
495.0... AO ec ae DO GLO Ht S93 week phate 49.38 
D202 Goes Co, 2) ee | rw ee) OL 5H Saas CAME te detaaee VEY Stadt cc uals 50.96 
Gite ts “8 aise ai a ae OL 254" GUbR oe Bee Nea pig Be Me Phe 7 49.48 
(Oda lew nea amnnneee rat scot yA bee BOOS T22 ye sok PA MINS nea Ve Net oe oe diects 50.78 

Md.  NURROGEN‘*IN: MUCK SOILS. 

Mutck soils consist largely of the products of decomposition 

of vegetable matter and, in comparison with ordinary soils, are 

usually very rich in nitrogen. This nitrogen, however, is not 

generally in a form readily available for use as plant-food, butt 

may be made so in various ways, among which may be men- 
tioned the application of lime in moderate amounts. The 

figures in the analyses given below represent the amount of 
nitrogen in the air-dried material. It is seen that the nitrogen 

varies from 0.47 to 1.96 per ct. 

TABLE VI.— ANALYSES OF MUCK. 

Nie ber Nitto- eee bi Wibede ee Apt 

sample. Ben. | sample. gen. | sample. gen. 

Per ct ke Per ct Per ct. 
Ae ees Mas Mito = rete: ORGS Roots a Mitek. dass. Lael  S2G20 4h CK. Lue 1.43 
P20 | be Se itete: Lise nso tae ETE pe Ne OF7GT PSO: Coal SEC eee 0.99 
SOses a. 3 See Qi CLO) eee Ba eet WOW Oded cee vite Are ee 4 0.76 

(HOP ses ee beds 5 C9 C0 Fae 2a ON ae oA, eae 0.47 | 746.... baa Ae Hes 1.24 
eee ero x Oy Ae tans 1.25 Sloe eth eee PROG Si SOL ss Bae Sep ere ts 1.81 
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PLANT FOOD CONSTITUENTS IN MISCELLANE- 

OUS MATERIALS. 

In the following table, we have given the results of analyses 
obtained from a considerable variety of materials. 

TABLE VIJ.— ANALYSES OF MISCELLANEOUS MATERIALS, 

KIND OF MATERIAL. 

Apple pomace (air-dried, unsifted)............ 
7 i (air-dried isifted))ae win ieie nena 

Barley. (damaged, by fire) Ri wanas cee ee 
Bat ‘Puan os rae we ONES ies eee eee aeeeny 
Bat s2uano:: sh rc meek te ei aod oe ee 
Bone: (burned) 75. chee a eee Eee 
Carbidé!refuses aac hice oak CLEA eee oe 
Cattleananure! (driediteis nities ieee aie ee 
Gatbage sludges Cais eat seh atkks Lp Re 
Hair ‘waste (moisture 41:2) per ct.)2...).......% 
Hog manure (dried) 
divoryrchuStie i i Fe eats baer, ied: in. tee ee 
Jadoo fiber? .y.ce cs, ae ea tee en aL eee 

SP LIGA dl et 2 clefts seeks in LUN che HEARS eee ea cial Ito 
Linseed Screenings aon asus ick a okie a ae nae 
Malt dusts ied Sa oie hte ee eer ede ee 
Sewage tmanhure ssc gids wate Mot teres 
Sheep MANUIC.... eee ee eee eee eee ees 

Giro Gaye fe wValeie a6 Sim 0 Wig oe aie: fe) 6) 0) 6 1m en eee a 

C76 ONE ote oe Ofeehe tere @ alla) ae eUrT a oe 

SOO cask Ile cas « eet See ae Chen ane a cee se eno 
Sphagn tir MOss. eh ees ent) See eee ete eee 
syoleteqerokeurateaclessulg Ap eote ie ~e ue eo cee a9 ieiae 
Street sweepings (N.Y. city) Tad ts ein rae eas 

© 0.0. BO le, Mik eem lene ce Us 
“ “ 

“ “ 
CNew burgh ities ee ee eras 

Sugar-beet pulp, (moisture, 86.7 per ct.)....... 
Wannery TeLuseA rie cite hiconn carter te etn 
LODACCO“ WAStelmaaerehs cicie ee clos eee) eee ae 
Vegetable iivory)./o win sls ieee te ote ekede ie nie eto 
Waste from casein manufacture.............. 
Waste from rendering wks. (moisture, 87.2 p. c.) 
Waste from smokeless powder works.......... 
Wool waste ake volgl pre Ste Sous a eine cape et Te che meme erirec eae bares 

“ “ 

wi@ she ie) & iby 6) Le 6 a te ee whale 6 fs es o © 6 whe js) © CD ® 

Nitrogen. 

6! oe het 6 tote xe 

PUNPORFNORFOCOCOCOCOCOOCWNWWRHORWOORHAHHO 

Tos. ae 

(or) 

Phos- 
phoric 
acid. 

Se 0 oe fe jap 

6.6 3 » Wie mre 

€ ise) & Wa ml 

sree ee ee 

ose ee eee 

ee ee eevee 

Per ¢t.. 

Potash. 

0.38 
0.48 
trace 

ee ey 

ee eer enn ee 

ce eree ee os 2 6 

wh 

oo bo 

VIII. CONSTITUENTS OF FEEDING STUFFS. 

A variety of materials used for feeding-stuffs has come to the 
As will be seen from the table fol- 

lowing, the materials in many cases represent regular mill 

products, while others are mixtures. 

products; others are not commonly known. 

Some are familiar market 

a ee 

0 ale OF Ste See, 

— 

ig PAs ais 

EN a ae 
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TasLE VIII.— ANALYSES oF MATERIALS USEp AS FEEDING STUFFS. 

2 F ye & P : at 

o§ rotein | (ether- | Fiber 
63 (crude). extract). 
Z 

Per ct. Per ct. Per ct 
Sam LOCH TO00 4.) ds ops we ec escecchescubecs tie SD 25, Ohta yaatenmere 
TEST TCU ea) loses a df kiviv wacs c Kicve vole evrevctanes 1640 Tar ae ee 
See tee enaepats (pat hulls)... si. oc ac cet bee ea ceeee ad 2 ES rele 
1606 Buckwheat bran 1 ROL 2a Sr se ae Ca LN oan ae es ae 21.4 O20 Mee ee 
EE asec de celta > on gre a. 26.2 
1826 Td os eyes IGS i alia aa che end ang Se LL ede TOO) tes. ok 2082 
1728 re PEM eee Dit Diet s bake deh wulb es - 19.2 36 i. 
1818 ig OY sassy 6 1 ai em et a a tales eat a a ae 1 WA f AIM oS ae i rae eu 
1820 i RMN NTT ra i eet tare ees a 31.9 BinG Glee as ee 
1838 r 8 F Phere AEN oh ten yh C ty ae ae ae © T2326 mlen. ete 25.7 
1839 4 hie tog eee Aca) tke SRA Ae ee 132 6% te DRA 26.3 
1643 ag AISNE OG ae Re PM eS eee bat Sia hE «et bics ve Ife. Chic Ae ry heen fe 
1655 ‘i oA ET SAA SANA PS HED Ce RIS ERT OM P78 5.0 ZO 
1750 + SAGES) Ts hea Rica Tie Ra Ri ea ae ae LW ets, 12, 231.0 
1817 es ERM eae Mie ae whe stoke Res adie 2 THE Shxd! (eas woe, Waele eiiokes 
1837 of SNES UR ANE Ea MS Belge a oe Yee a DA Daten candies Lis 
Peace can mea) (home made) sis). Ss lv cele beled vies ee’ PAR GS SVOLP ES Aes 
1634 eg Om Urey ente Ree nae LI ee, Ge ee BIR 2 Ba one LOMO Ser vee 
CaM TENG) ons isde a's oe vidvcsrwevewecce SON! 1 ars 30) Wace ab 
bead) Clover food (seeds, stems, €tc.)... a. cece cece eee e eee Peay oe 7.4 1652 
ESRI CO 2, oc, clic ev neces shee ceeecceces 6.7 58.6 6.4 
1717 | Corn flour (mixture of flour and plaster of Paris)... OOP Rea eae ae eee 
Te. Sb nels soap olslsBisle'e cv cuscceees 9.3 AO! ta tebeits Bh. 
1841 bis STS Ce ta FF eee Re AS HL See TLL word levete 9.6 4,2 Ae 
1849 rf I oe eee ee cr ever eR ee £2 ds se Se 2.6 
SENT SeTMET AT. fo 82. ks ee Seen a oe bso a e's o oda ee 29.4 OD lead teends 
MMO UMNIOU OGLE. oc. a Sols 5's ie Ga vdive cs cececacesccccue 11.4 6.5: ta et 
1608 | Empire calf food....... Sain Mavae cL Weabie rey eel ot kanes hed es Ge 22.4 OPP AR ieee irc 
1604 | Dried molasses beet pulp. VEE PA Roa ER he notts [ghiel ri » fehansk oust sy alike 10.8 0.4 12.7 
Then) [6 Nay oon’ fipal et | Ae LR Re Let) PRR ed ok os CS 
MT SEU TRSE TSE. 8). 50:0) 5 sathe le ay ore claiintele era avesnralarcrdveve vie 6 wis l5eb AS Ost o canes 
ea MTEIECA TIPCCCE CL), oe.) 57.0) ga) aac e: cre le' beley oi e'bie n/p bi cveceie ere die 24.6 SOM. i ease 
Mea ePe MMMM CT TO GLETCDOELES Gh) is ' 4-2). ura) oeter s vha'er'are’ ois; ena’ alieseie oy mun’etavelels 10.7 av 12.3 
om amiatreserimnillet, (SCOG) 5.5 dices ctecese) here aver ore sense: eueparore evevs 10.6 De 17S 
em aerrOnt-(SElatinized) ......5 ..acmsiccecdcceccceceus 16.3 OPDe Riemer 
EAPO ehracatornl (Bartholds))s ...:..iccs tse a cla db oe'c olviee edie ee « ING eré Oy aa aneeiiiredaoe 
BEN MMI CHC IBTTS f te slic Sie. 9 sie c/o saya ales chw cla, at alie velo Oiebs e-ac8 9.4 8.1 {i253 
1637 Molasses grains UTES OFS Re Raa Gta eeimenat ne Par) rere Wee Bee 19.7 Pee: Mead Da ad 1s Sey 
1638 ER AIKNTS Ret tate estes teas Bite als slek PBS yr Bie Mae fe a 
iia I IEREITE UL P P ete cs, fies elas <a w/b. Rais ei'are 6 Oe.shae)o ace ue sles e's 18.4 U5 PARE Ps 
PAs OOndC (COCOANUt TESICUE) 5. 65.64) idle w dled Ge obo end ole 21.4. 10.6 ess 
Dermemmn eM LeeA MOTEY LEC 6 ois. keine cc mess Cenedpweccecens 20.0 4.2 20.2 
erin ww. linseed vole fOOtS i604 edb aie boners wre k So viele eele e's Diy te SB usistes apse yee 
1848 | Rice > drome SR TAN LN See heL aie EAT a create h GAURS he whole 7.6 4.8 26.2 
une UM Tes AO is a DS i Peale os dhue Mae od be 16.2 Ane Dal eee ene Hee 
1545 Shredded TES] SERENA ENS eS SA ae ab 9 Tan FONE AN 10.8 AiolMe gece sisters 
OS 0 a ee an oes a 24.2 6.4 14.4 
1860 | Sterling oil meal (largely wild mustard)............. 29.3 WHO Maes ae ge at 
ERNE CHT OIOCE ET PUN)... hss calcd oe bic d G8sd & oc a's Welels eTebe'sler@ vs 7.4 ODA! cht clone 
1858 Viscid oil- meal, No. 1 (largely wild aN eter Saran P2926 LOSS a een teceuet ele 
1859 INiawaer 1 Ghiice Yb fhe bilses 5 a) 3 Lapras 26.8 Saal Re ee 
1491 | Wheat bran....... BA EMS eit: Syl hed la) Sia hare ote we arweye ls 16.9 4.5 iid Lips) 
“1532 £ REE iss ea MURR. Paice leg erate Woke « aca! bye 16.3 PWR Meal WP PS Yaa 
1597 a Ee Mee. tia nee os ce kee cae eee 19.6 Amat |ieee ee see 
1601 i Bee RPS 6 cae hhh oad dish eah eS o'er; Feces oh 14.8 4.3 10.8 
1602 i oo elt ly Bagh oe iy Lian es yoshi SR io 13.8 4.2 9.2 
1603 Hi Pe Ve le iis os nak Whe he @ niet die. andi ove Kump 15.8 4.7 9.7 
1605 id 7 OR Se tare a 4 ocd gig aa re A Boll ag 15.6 4.7 10.6 
1706 3 PME rer Fak RUE ach he areal era eco tinis| olcte mae a ea Len 4,2 8.4 
1730 re =. SGA, MPO AEG DAG iE hE TN ges eth sN @P Tite A 14.4 y. Pero ORAL Bir sage 
1823 | 9 * (mixed with ground corn cobs Roe tn pty te TORNG. Sis ici hee hUide hits tee catetaites & 
1855 is mmm (ees he eg 8 ls Hk a Ei st ate SELL Ws cnr sry mone TIAA Le VP es Cir 2 URS Be 
1827 sf 2 mixed with ground corn and corn bran).. 131.9 Seah ad pe Sn 
1533 Wheat Segue hE AINA MR CEU Se ARs cha y 9h cata aE ari 14,8 SMM Ce ate acs 
1828 (ovate Perms) telchccee er em ate aete onl 1h BA 7d Pav Sian Wen ane 
1904 24 ~ 1p Ree 0 age EPR hac EC IER ROR ee 16.1 BS SRL 



192 RePoRT OF THE CHEMIST OF THE 

IX. MOLASSES REFUSE. 

TABLE [X.— ANALYSES OF SAMPLES OF MOLASSES REFUSE. 

Number ; | Sugar as 
of Water. invert 

sample. sugar. 

Per ct Per ct 
ge a as ee Prony Deel eugar....\on dean ek mi eee ee eee 28.2 42.3 
i teledebs ee Krom Cuban caned yy. Prk cc setae eee oe Eee 2935 Sat 
LTO Ra ae BLACK) Strap ie Hae ETSI Ne eee Se Ta Sea ee re 28.4 45.5 

X. PROTEIN IN GRUELS USED FOR FEEDING: 

There is in the market quite a variety of materials known as 
gruels, which have wide use in infant feeding. Below we give 

the protein content of some of these preparations. 

TABLE X.— ANALYSES OF GRUELS. 

Number Water Protein in 
of in water-free 

sample. material. | material. 

Per ct. Per ct. 
AAs bo: Patent! barley i560 os ows a) eb ee eee oe eee 97.53 : 8.5 
Bg: ae a gee a Pearl barley #0 ee ie helen et eee Ee ae ee 99 .40 9.4 
Piaovee nt RollediWatsr s.9. TOU ANe, wie ec ote et oe Cee 97.90 13.6 
VAG Usa eh Rolledvoats; digested tim... esi eee ee ee ee 88.76 13.5 
D748 OM re Wheat flotrss.§ cies |. (c wi tate toes ie ates ; 97.28 13.2 
HV ig: sea oe Wheat ioun digested is yen ee ieee 84.64 12.0 
1/48 Ses Wheat toasticas % Meri: let oe tee een ee 84.74 12.0 

| XO ROUTE TRY ase On eae 

From time to time there appears in the market some widely 

advertised food for poultry, claiming ‘remarkable virtues. 
Among such materials, one appeared several years ago under 

the attractive name of “red albumen.” Several samples were 

obtained. Some samples were found to be essentially dried 

blood of good commercial quality, while others were found to 

be the grossest frauds, containing little or no albumen and a 
great deal of mineral matter, usually red oxide of iron. These 
analyses are given below. 

TABLE XJ.— ANALYSES OF PoULTRY Foops. 

Number ‘ 
of Protein | Mineral 

sample. s ‘ 

RED ALBUMEN: Per ct. Perce 
AO Mg rae ees Good Quality saree id eee ee ere 83 ol. 0192 
yp AREY. ar Des CrOO EG Quality ke oak rote cies era eee te ae 82.4 >|) ae 
424 eae CrOOdSQAl ibys Se triit ic4d ates ae ee ee ne eee een 716 5) ee ee 
S20 ee Rravdulent i en ety vs cep a eee ee ee 0.13 | Much. 
AS Uitte Fraudulent. ii te ey are tee eee ee es ee 0.19 | Much. _ 

20082. ces Milk .albamenicv cui. c-. cheese ee ee ne 45.4 21.2 

———ooaaaaeeaEeE=E=E=E=SEeeaeeae—_—__—— a a 
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XII. MAPLE SUGAR. 

TasLtE XIJ]— ANAtySES OF MAPLE SUGAR. 

Moisture. Sucrose. 

Per ct. Per ct. 
De egab eb OL te ApS Bn piel La sai Oa nn WR OF 86.4 
AT tel EE UG Ua Oe tS a ei oe SE TONS 82.6 
Dies WU Sf Sane yooh yh fed it TI A i ch a er ae 8.1 78.6 
eR eS ae a Sy kl a ulh's die! sis’ e gee apps 8.7 86.4 
Doe he 2 BES A ee an ee COE Te A a ee 3.3 87.2 
Mhsiot ie aight 2 SUS SSS Te cata ea ee ee ee ce a 8.3 86.0 
SE REE PTR tc he Nha ire up AS Vea 87.4 
yeh peti |. he dl Jeera tet CE 0 0 RR em 4.6 80.0 

XIII. HOME-MADE CIDER VINEGAR. 

The law of New York State requires cider vinegar to contain 

Beeepciey chy OL acetic)acid: and) 2° pers ct. of ‘solids; Many 

samples of vinegar made from cider fail to reach these require- 

ments. The trouble may be due to dilution of cider by water, 

to incomplete fermentation or to some injurious form of fermen- 

tation. A discussion of these points can be found in Bulletin 

No. 258. 

Taste XIITI.— ANALYSES OF HOME-MADE CIDER VINEGARS. 

Number 
Acetic ; 

of ie Solids. 
dample. acid. 

Per cts Per ct. 
IDES aha did Hel eC COLON Aceh ne eel aL tes Rett chat Tas Morealeglells Webyttre ta gens 4.78 2.04 
a metre ee E28 PRO ye (eh SU ke ae sal BOS Ll ered s peees 
eS Aue ene AS Ft Ne dy ta Madbilete late athe (or te 3:09 bas Ae eee 
hg I Se RR SPD cic Se ap ao A A DBO” eg a's pie Rate 
BE AS ISIN a Os Se oa Pee eee ee oe PB hoded Uae ewe te at 
FA gee a Res RO O44 Potty ee 
EE cea oS AC RUBIE RAS TaREN @ non ce SAU Sas ec DS Ae Ce 400 lite. hy ees 
G5. UTE STEELY GaN IG on Uber yo tase Rea: Se nna CORO ees eet airmen ee | ele: ad re re bn age 
OGt a eaass Mev ORUGACCLOLCMMEReaEe dace ds Lal S's isle Gabo adae eles eae) dea occas L8Q62 Wate A eens 
Oe Bae ack UST ae ER Miele: PTT CPR an a a a SeLS Hee ee ae ae 
AR 8 AUR AS TORS PCR 6 nk A AE i ae TEN ae On OOD | nite ao inate ie 
Sn eae te ere sat MU ier MN Mu pL. ky Gea Biss salalide  Qieeeh conex less ples [SD APE Me ages Bam Chet 
CS, Or. fo) is ee? Ra Ts he ew ile hee ae Pd Sol HAL hy ag od 
REE OD Ope Ai, SA SiG ita rary Anya tos bhi btese ota eels cys wl kis HAPs OTA IE mete gp a 
eA MA Cater! Sie a sol kia MER Ek cP arama Mila e wth boxe SiG PL (al ine ey Rn ca 
RRS, AER Se heh com OA UNCER ER soe aoe nes oo lacs De EIST Or yk Sa NS 
SIR UM Ty) a Tec sikh akan enw) Bale latele eet ws Na (Star Mee oie eM ZOO lino Secs naae aR 
IIIS iis ek BS 0) TE ene ee a) Olce daa w oled Sad COR. PE coe hg aa 
ITI Fg yp oS) 5d kon av Adder see oe eee bona ba a Ke ek rah ot: We RA DEN NE ares Rh 
TE eR Sd (Ns a hulu Melee Wiglllys «oblige hig ane 4 0% ASDA VALE Set tc 
ale al REC a rip Ok ae 5.20 S06 
Ea ae Seer aor) 9 Thy eee a CEO 2s ees 
Ey AS A ery ml Ce Na al 2.251 1.34 
NTS ot ia coikis gis sve 'y Ware IMG ele Shel alee’, «aves 550) © | Beer eek in 
TIS Fe ee. |e the a SET. Re Viera AA PEO C TP NAN E Pa MEERA A ge USURE 2d Bea ot, AOD ela wea eure oe 
1998 vee wy ES cA 55 NS SS Si RE OR ENC TE SO > ZO ret ele 
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XIV. MOISTURE IN EVAPORATED APPLES. 

A law has been in effect in New York State for about two 

years prohibiting the sale of evaporated apples containing more 

than 26 per ct. of moisture. Numerous samples have come 

to us for examination and we state below some of the results 
of our work. / 

TABLE XIV.— AMOUNT OF WATER IN DrRIiEp APPLES. 

Number 
of Commercial description. Water. 

sample. 

Per ct. 
L668 see PS A AE Ra Seg SP Fa Se oi ee ged a aS ike 26.3 
T6642 2D URS ete Fas DOS RO SE Se Oe eee en 25h0) 
V6BS ee ee es gk Sesh SDA IN fees eh Sa a 26.3 
GY s] spud Reem Meee ee Cee My ae EM RLU ie me fine: BAL NEN Mee Ey Fee Tu a 2TRS 
DLO eevee Fatt’ toc heavye. 8 aes ect ae cle cities BOeie iets cack poke ee Bose 
1 i) Uh ea Heavy Ole eta eS Re OER Ene ee eg a 27.8 
dE Pe SAPS iaies leilic Nace claws ag eparbai tk ie Lede MRe eet Vis oA eck oie eee ae 23.0 
1 Bs eA Doewbtiul oe Ae a SE eae ee ee 24.5 
fe ee ae ae Dott brad Git ee sa eo oc Pca cod eS se Re ene na st 24.5 
Toten HIGavVy bit nl ESE Ps ES ee eee ee oo 26.6 
ASAE EE Ra Woubtbralee iw vege h Saas ele are. a aOR ee Reale Spee ree tes Pet on 24.4 
1 Pee SALe she ented Beka Ghd Siok aes Ne Meh Shea Pee Bee) a 24.0 
Po ee ALS He hk Eklecwc eid. erat eae al ck © Stee ettaH Ia ott Ate RFA RL e ON Sater en en eo 20.1 
WTO Say) Safar cee ible SAP BT Pas SE Se 22.4 
ZO Wy one Veter a Ge OTS Sian TLR or Un ay emp ON PLPEL ee oe PUR YS ECA: Re 25.9 
BP ALR ieee Hvaporated apple chops. © Sate? sis. a.1s «ss asa ste oiee a oe eee 26.9 
122 |. Evanoratéed apple chops. Sate. s\ie Aecte aise cele Senin ene ee 20.0 
IS 1) Rea Evaporated appleichops.;..‘Oafew a. wasn sn asin ele eee 23.2 
VDA. Hwaporated cores’ and ‘skins.’ “Safe. seo er. ee ee 27.4 
DF ie itis iat Byvaporated!cores;and skins#eSafelt ic te notie 2 onset ae ea 20.8 
126 Evaporated /cores:and:skins:.. Safes.s ¢.2n\<acee ey a a eee 21.2 
dar PT Ata EBvaporated ‘cores, and skins. Sate a4. \5 52s ene selec 22.0 
2S Tey Evaporated cores and skins. ‘Fermented ..2.. A..%/ 00. sae ee 25.7 
DO ee oN FER MRR POE oe, he ook lel Gteceum ints le guest rps ded Site eae eae et ann 23.5 
ARs OR na rn ae ia ee Cee A Pe Gee Ge la as fs 25.9- 
DST iss sc illllMtee? <i le. dha sclletlas Sa dere pa bue tern er 2 combo a Mae tel ame Dae Se cue ihe tea a erie ea 24.0 
bibs yeh THA RL Ol fs Oe Eee Pa MORE Se ME Set RA AS tere WONRERIS OER BAR IR cay hk 27, <b 
Ted MRE o Sth Sak seeker k sag Ree Se oo! onze nied Reehel dgt os Sas eT RE A ais hac ct ies eee 25.5 
TSS ae etl Gtaky yas «ebb eRe eb ke Sebi Cas My ee ety Sy See eee 23.0 
UO Geka cae BeBe Whe 6 Gaya: Bikol ia tes: yl cele, Si mer ay. Pi ees a DERN) Ue ta ate 2k La | 19.8 
IBC Bis Rees oe ho Bebe e/a hd) eee: ae ik Lee Reet ata oye Lecwede Ann or Som « 
WA Coa Cr Ne ah a igs ANU eRe A oleh Yee ys oi oe 36.3 
LSS ues ane Ret cee cde eee ve OVS ee aie Ai ae ins Ae ae re ae 37.0 
LS9 Se ees eee bec cle eke Beals in tiahaihs Weis a, cE NARS idle ATR TS Re yt ec 23.7 
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REPORT Us THE DEPARTMENT OF ENTO- 
MOLOGY. 

ae LOR AR AND WILLOW: BORER 

(Cryptorhynchus lapathi L.) 

W. J. SCHOENE. 

SUMMARY. 

This bulletin deals with the poplar and willow borer, an 1m- 

ported beetle, which is causing extensive injuries to nursetv 

stock and basket willows, and threatens ornamental poplars 

and willows. 

This species has one brood a year. Egg-laying occurs during 
August and September, and from eighteen to twenty days are 

required for the eggs to hatch. The larval stage lasts till the 

following July when pupation occurs. The pupal period occu- 

pies about two weeks and the beetles commence to appear about 

July 15... From this date they may be found until the middle 

of October. | 

To avoid injuries by the beetle, new plantations of poplar and 

willow should not be planted near old blocks. In plantings 

subject to slight attacks, the borer may be controlled by cutting 

out and destroying in June the parts affected with the grubs. 

The numbers of the insect will be reduced by burning all 

branches and trees broken by the wind or otherwise injured and 

rendered unsalable. 

Observations have been made of the feeding habits of the 

beetles which show that they do not discriminate between 

sprayed and unsprayed plants, and that beetles feeding upon 

sprayed plants succumb in three or four days. It is believel 

that nurserymen could avoid important injuries by this insect 

by spraying during July with bordeaux mixture containing an 

arsenical poison. Experiments are now being conducted to 

determine the value of this treatment. 

* A reprint of Bulletin No. 286. 

[197] 
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INTRODUCTION. 

Attention has been called to the work of the poplar borer by 

complaints, from a number of nurserymen in western New 

York, of the extensive and continued injuries sustained in the 

growing of poplars and willows. In the year 1902 some blocks 

of poplars and willows near Rochester were so badly injured 

by this insect that some of the growers contemplated abandon- 

ing their culture. Since that time the annual loss in many 

nurseries has not been less than to per ct. of the trees. and 

occasionally the entire planting has been ruined. In many 

localities the native willows along swamps, streams and canals 

are badly attacked, the trees often being so severely affected 
that many of them will ultimately die as a result of the injury. 

The same is true of certain species of willows planted for orna- 

mental purposes. On account of the growing importance of 

this insect, an investigation was undertaken to determine its 

habits with special reference to discovering means for its con- 

trol in nursery plantations. 

HISTORICAL: 

GENERAL. 

The beetle was described by Linnaeus in 1763 in his “ Systema 

Naturae,” and mention is also made of this species in Turton’s 

Linnaeus.’ Kaltenbach? states that the adult feeds upon the 

dock, Rumcx hydrolapathum. Later Prof. Schwagerichen® states 

that in the year 1844, the larvae appeared in the young alders 

in the Saxon Oberlausitz. In 1863, Westwood reported a 

serious outbreak of the larvae of this curculio among the culti- 

vated willows in the County of Essex, England. Ratzberg in 

his “ Waldverderbniss,” * under the heading “ Erlanrusselkafer 7 

or alder snout beetle, gives a somewhat detailed account of the 

life history and habits of the insect, including reports from 

others who have observed its work. He states there is no 

record to show that the beetle has been seen sucking or chewing 

on the “dock Lapathum.” Forstmeister v. Kamptz observed 

E59 Bie BESET eb RE 856 0' 

2 Die Pflanzenfeinde aus der Klasse der Insekten. 

3 Wiegmann’s Archiv, 11: 337. 
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the work of the insect in 1863 on the black alder, which is very 

susceptible to the attacks of the beetle. In Brehm’s “ Thier- 

leben”? Dr. E. L. Taschenberg mentions Cryptorhynchus lapathi as 

being the only European representative of a South American genus. 

‘Prot. F, M. Webster, in an article entitled “ The Imported Willow 

and Poplar Curculio,”’? states that there are now sixteen species of 
this genus inhabiting North America, north of Mexico, the majority 

of them being found in the south or southwestern states. Taschen- 

berg makes the statement that the adult only becomes injurious 

through its feeding on the leaves. Dr. Bernard Altum® states that 

near Eberswalde upon the Leuenberger Weisen, an outbreak of C. 

lapatht was controlled by the cutting out of the affected stems. Dr. 

Altum also reports that in the district of Schonlanke (Bromberg) a 

plantation which had given eighty cords of wood per acre was, 

ruined. A similar instance is reported from Weisbaden to the effect 

that about five acres of white alders were threatened with destruc- 

tion. The Danish writer Dr. I. E. V. Boas, in 1888, in an article 

entitled “An attack of the snout-billed Cryptorhynchus lapatht upon 

willows ” gives a short account of its habits and life history in Den- 

mark, and also mentions the devastation of a plantation of willows, 

Salix viminalis, grown for the purpose of making hoops. In 1897 

Dr. Freiherr von Tubeuf,* states, in effect, that, between Brenner- 

Post and Fenna, and also between eastern Arte and Brenner Bad, 

districts in Tyrol, Austria, the mountain alders presented a sickly 

appearance. Examination proved this was largely due to the work 

of C. lapathi, and that many of the trees were also attacked by a 

fungus Valsa oxystoma Rehm. ‘The injuries by these two agencies 

are similar in external appearance. 

HISTORY OF THE SPECIES IN THE UNITED STATES. 

Attention was called to the appearance of Cryptorhynchus lapathi 

in this country by William Juelich in 1882, who found the insect in 

the northern part of New York City.® Five years later the willows 
near West Bergen, N. J., were discovered to be infested, and in 

1891 Dr. J. B. Smith reported that in New Jersey willows were 

being killed by this insect. The beetle was found in injurious num- 

Medel. p. 152, 1877. 

* Journ. Columbus Hort. Soc., 16:146-155. 
* Forstzoologie: Insekten, Abth. I. 

“Two enemies of the Alpine alder, Alnus viridis D. C. Forstl. Naturw. 

Ztschr., 121892. 

> Entomologica Americana, 3:123. 
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bers at Melrose, Mass., in 1895 by Dr. C. H. Fernald. The presence 

of this insect in the willows about Boston and other towns in eastern 

Massachusetts had been known for many years. During the follow- 

ing year the beetle was found at Buffalo, N. Y., by Ottomar 

Reinecke; and in 1901 Mr. A. F. Burgess collected one specimen 

near the city of Ashtabula, Ohio. In 1903 the insect was ‘found in 

two nurseries in the State of Wisconsin by Mr. Christian Bues, the 

State nursery inspector,' and in 1904 Prof. M. L. Washburn reported 

that he had received specimens of C. Japatht from North Dakota 

where it had been found upon poplars that had been imported into 

that state from a New York nursery.” 

ECONOMIC IMPORTANCE. 

THE BEETLE A NURSERY AND A SHADE TREE PEST. 

The poplars, willows and alders, while not counted among our 

most valuable or most beautiful trees, serve useful purposes and are 

well worthy of preservation. They claim our attention not only 

for their quick growing qualities and economic value, but also for 

the native beauty possessed by many of the-species. Indeed certain 

schemes of landscape decoration would be incomplete without some 

of the more attractive kinds. The native willows perform an im- 

portant function as holders of the soil along the margins of lakes 

and streams; the poplars on account of their: hardiness and rapid 

growth are invaluable as shade trees in newly settled suburbs; and 

in western New York the growing of the basket willow is an im- 

portant industry. 

In Europe this insect has been long recognized as an injurious pest 

upon alders and willows, and its work and life history: have been a 

fruitful source of much discussion by German zoologists. The 

beetle is reported to be destructive in England, Germany, Austria 

and Denmark. There are many instances on record of injury to the 

basket willow and to the alders along the streams and in the forest, 

and more especially to the plantations of willows and alders culti- 

vated for commercial purposes, which have, often been destroyed. 

From New Jersey, Dr. J. B. Smith reported that “C. lapathi was 

spreading and was doing serious injury to willows. Nearly all the 

clumps of willows near Newark and Arlington had been destroyed, 

and some fancy and garden trees had been killed.” % 

1 Wis. Agrl. Expt. Sta. Ann. Rpt., 21:275. 10904. 

2 Ninth Annual Report of the State Entomologist of Minnesota, p. 115. 
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Another interesting and somewhat similar account of injury 
by the insect was reported in 1899 by Mr. A. H. Kirkland from 
his observations of the behavior of this species in Massachusetts. 
In Winthrop, Revere, and other shore towns in the eastern part 
of the State, the land is somewhat marshy, and the Balm of 
Gilead poplar, being the indigenous tree that thrives best, is 
largely planted in the streets and yards for shade purposes. 
The branches are weakened by the boring of the larva and are 
broken down by the ice storms and winds. At present there is 

hardly a sound Balm of Gilead poplar in the localities men- 

tioned. Mr. Kirkland also states that the work of this beetle 

caused similar injuries to the poplars in the larger nurseries of 

eastern Massachusetts, and that nurserymen were thinking of 

abandoning the growth of poplars and willows. Another 

observer states,! “So abundant is the pest and so extensive its 

ravages, that it is rarely possible to find a good healthy plant 

among the shrubby willows about Boston.” Drs. C. H. and H. 

T. Fernald, entomologists of the Massachusetts Experiment 

Station, reported in 1893? that for several years C. lapathi has 
been present in great abundance. The injuries which it causes 

to willows, poplars and similar soft-wooded trees are frequently 

serious; and it is now almost impossible to raise these trees in 

some localities, thus greatly reducing their value for planting 

as holders of the soil in such places as sandy beaches. 

The dissemination of this insect in the State of New York 

has been easy and rapid, because of.the great number of lakes, 

canals; and small streams that are everywhere bordered with 

willows. The abundance of these trees aids in the propagation 

of the species and undoubtedly serves as a means of distribu- 

tion. The insect spreads not only to the native willows along 

the waterways but also to the ornamental willows in the cities 

and to the cultivated poplars and willows in the nurseries. The 

insect has now become well established in many localities and 

the industry of growing poplars and willows is seriously 

threatened, as well as the usefulness and beauty of trees already 

mature. 

1 J. G. Jack. Gard. and Forest, 10: 394. 1897. 

2 Mass. (Hatch) Agrl. Expt. Sta. Rpt.. 16: 108. . 1903. 
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FOOD PLANTS. 

The beetle attacks practically all of the poplars, willows and 

alders, for there are very few species that escape injury. Mr. 

J. G. Jack reports that the beetle has proved destructive to 

almost all species of willow and all the cultivated poplars grown 

in the Arnold Arboretum. It has been found boring in the 
stems of all native willows with the exception of a few mountain 

or very slender stemmed species which are too small to afford 

the borers sufficient sustenance. Of the foreign willows which 

make large trees, such species as the white willow, crack willow 

and laurel-leaved willow, are more or less attacked, though not 

so liable to injury as the Babylonian weeping willow. The 

beetle has been rarely found in small plants of two species of 

birch, the drawf birch, Betula pumila, and the red or river birch, 

B. mera. | 

The plants in the following list are mentioned by German writers 

as being subject to the attacks of C. Japathi in Europe: Alpine alder, 

Alnus viridis D. C., white alder, A. wncana Willd., black alder, A. 

glutinosa Willd., purple willow, Salix purpurea L., osier willow, 

S. viminalis L., S. triandra, Kilmarnock willow, S. caprea L., white 

poplar, Populus alba L., and Rumex hydrolapathum L. 

The species mentioned as food plants in this country are: White 

willow, S. alba L., crack willow, S. fragilis L., weeping willow, S. 

babylomca VYourn., dwarf birch, Betula pumila L., red river birch, 

B. migra L., Balm of Gilead, Populus balsamifera L. var. candicans 

Gray, Carolina poplar, P. monilifera Ait., and silver-leaf poplar, 

P. alba L. var. bolleana. ‘The trees that have been observed to 

sustain injuries in this immediate locality are P. monilifera Ait., 

S. lucida Muhl., S. caprea L., S. cordata Muhl., S. sericea Marsh., - 

S. alba L., and S. amygdaloides Anders. 

These latter were kindly determined by Prof. W. W. Rowlee . 

of Cornell University. 

LIFE STAGES AND HABITS OF THE INSeiae 

THE EGG STAGE. 

Description of egg— The egg is of a white color turning to a 

pale yellow when several days old. The shell is thin and 

fragile, the surface being smooth and slightly viscous. ‘The 

shape is elongated oval, obtusely rounded at the ends, often- 

times determined by the shape of the cavity. The longer axis 

is I.1 mm. and the shorter axis .8 mm. in length. 
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Parts of the plant selected for oviposition Oviposition occurs 

in the corky portions of the wood, near a bud or branch, or in 

the overgrowths caused by pruning. A cut or break in the bark 

is a favorite place. When the infestation is marked, eggs can 

be readily found in the callosities caused by injuries of this 
beetle in previous years. 

The egg period.— The egg stage lasts eighteen to twenty days. 

This was determined as follows: A number of beetles were 

permitted to feed upon and to oviposit for one day in an unin- 

fested cutting from the stem of a nursery poplar. This opera- 

tion was repeated on succeeding days, fresh wood being used 

each time. The beetles were then excluded, the cuttings being 

kept in moist sand under cover to prevent reinfestation. After 

remaining for fifteen or more days, the entire bark was carefully 

examined, to ascertain the number and condition of the eggs 

deposited in the respective cuttings. The following is the 

result: 

Tas_e I.— Time or INCUBATION oF Ecc or C. lapathi. 

haeaben 

; Date of Date of etween Condition in which the eggs 
ater Oviposi- examina- iste aNpaie'. were found on examination 

: tion. tion. a watiindl 88S. of the bark. 

tion. 

I'S Sept. — Oct. Days. 
1 13 4 21 6 | Eggs hatched and larvae be- 

ginning to feed. 
2 14 Zs 19 2 | Eggs about ready to hatch. 
3 15 4 19. | 1 | Egg just hatched. 
4 16 4 18 2 | Eggs hatching. 
S 18 9 21 2 | Eggs hatched and larvae be- 

ginning’ to feed. 
6 19 4 15 4 | Eggs nearly ready to hatch. 

DESCRIPTION OF THE LARVA AND ITS GROWTH. 

Larva, Sept. 22, 1905.— When newly hatched, the larva is a soft 

fleshy grub destitute of feet and bearing a number of very fine 

hairs. It is 1.6 mm. long and .6 mm. thick at the broadest 
points, and .4 mm. at the caudal extremity. It is somewhat 

shining and of a pale yellow color, being whitish toward the 
caudal extremity. The head is hght brown and the mouth- 

parts are dark brown, the tips of the mandibles and maxillae 

being black. The body is nearly cylindrical in form, tapering 

a little behind and swollen at the anterior extremity. 

Larva, April 19, 1906.— At this time the larva has much the same 

appearance as the newly hatched form, except that it is larger, 



204. Report of THE DEPARTMENT OF ENTOMOLOGY OF THE 

being 4.5 mm. in length. It is more cylindrical, the abdominal 
segments being slightly swollen. ‘The latter have a pale brown 

color with a pinkish tint. 

Larva, May 19.— The appearance of the larva is the same as the 

younger stages. Some of the individuals begin to show a slight 

variation in size. The length ranges from 5 mm. to 6 mm. 

Larva, June 12.— The larvae show greater variation in size than 

was noted upon previous observations. Some members of the 

brood have apparently ceased to grow, while others have made 

a rapid growth. The larvae vary in length from 5 mm. to 

Il mm., the average length being about 8.5 mm. The larger 

specimens have begun to bore in the heart wood and in most 

cases have made a channel about one-half inch long. 

Larvae, June 21.— At this time the larvae shows still greater 

range in size, the length varying from 12.5 mm. in the larger 

specimens to 5 mm. in the smaller specimens. The largest 

larvae were ready to pupate. 

HABITS OF THE LARVA. 

Most of the eggs hatch between August 15 and October Tf, 

and the larva upon hatching begins to bore into and feed upon 

the cambium tissue. During the winter the larva remains dor- 

-mant, making very little growth until spring. There is no uni- 

formity in the shape of the larval borings or channels during 

the first months of activity. The larva may remain in one 

place, making a flat irregular shaped chamber, or sometimes a 

zigzag channel, though more often the cambium layer is girdled, 

either partly or entirely, depending on the size of the tree. At 

first the channel of the young larva is small and has but one 

opening in the bark, but as the larva increases in size, the 

channel is gradually enlarged and frequently another opening 

is made. 

The larva works in the cambium layer until within 3 or 4 

weeks of the time to pupate. It then bores at an angle into 

the woody tissue until the heart of the branch is reached, when 

the direction is changed upward. It can usually be determined 

whether the larva is working in the cambium layer or the 

woody tissue by the character of the larval chewings and parti- 

cles of excrement together with sap from the tree that appear 

as an exudation at the opening to the larval chamber. While _ 

the larva is in the cambium layer, the exudations are brown or 
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black in color, being made up of very fine splinters. The exu- 

dations thrown out from the heart wood are clean, usually 

white, and larger both in length and thickness. In opening the 
channels, a few splinters or chips can always be found; but 

when the larva is ready to pupate, the channel is packed for 

the full length, with the exception of the pupal chamber at the 

upper end. After filling the channel with chips and making 

the pupal chamber, the larva turns itself head downward, in 

which position the pupa will be found. 

DESCRIPTION: OF .THE ,PUPA. 

The pupa is about one-fourth of an inch long, being some- 

what stout and of a pale yellow color. The head, rostrum, and 

other parts of the body have a number of small tubercles, most 

of which bear curved brown hairs. The antennal case is nearly 

parallel with and slightly overlaps the femur of the foreleg. 

The wing cases are partly covered by the first two pairs of legs 

and in turn almost cover the third pair. The tip of the ab- 

domen is provided with a pair of short strong inward-curving 

hooks. , , 

THE LENGTH OF THE PUPAL STAGE. 

In the vicinity of Geneva, most of the larvae pupate some 

time during July, as is shown by the following observations. 

In an examination of some twenty larval channels, made July 8, 

one adult, two pupae and fifteen larvae were found. In another 

examination of some larval channels on July 12, four adults, 

four purpae and ten larvae were found. While there were many 

adults in the larval channels up to the latter date, none had 

emerged. The appearance of the trees on July 30 seemed to 

indicate that practically all of the beetles had emerged. ‘The 

pupal stage lasts from ten to sixteen days. In one instance, 

a larva ready to pupate was kept under observation. Pupation 

occurred during July 13 and the adult emerged July 27, the 

period being fourteen days. 

A DESCRIPTION OF THE BEETLE. 

The body of the beetle varies from one-third to three-eighths 
of an inch in length. The general color is a dull black, though 

the rear third of the wing covers, the basal half of the front 

thighs, and the ventral part of the prothorax, are covered with 

white scales. The other portions of the body are covered with 
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black scales interspersed with a few white scales. A few jet 

black tufts of erect bristles or scales are found upon the wing 

covers and thorax. When the wing covers are magnified, each 

is plainly pitted in ten longitudinal rows, the thorax also being 

minutely, though irregularly, punctured. The under side of 

the abdomen and the legs are black, being marked here and 

there by white scales which are especially numerous on the 

femora, giving the latter a slightly banded appearance. The 

head and proboscis are black in color. There is a very marked 

groove in the sterna which lies between the first and extends 

to the middle of the second coxal cavities. If the beetle is not 

active, the proboscis is contracted into this groove. When 

handled the beetle frequently emits a squeaking noise, which 

is evidently made by rubbing the parts of the thorax together. 

HABITS OF THE ADULT, 

The adult belongs to the same family as the well known plum 

curculio and has somewhat similar habits. When moving about 

the beetle does not run, but walks with a slow, steady, lumber- 

ing motion. The beetle does not fly when disturbed but will 

drop to the ground with limbs and snout contracted, or if on 

the top side of a branch, will roll over on its side and to the 

ground. No beetles have been observed to puncture the leaves. 

HABITS OF THE FEMALE DURING OVIPOSITION. 

The female usually eats thirty to forty minutes in making 

a cavity to conceal the egg. She then reverses herself and 

stands still with ovipositor thrust deep in the opening for thirty 

seconds or a minute. The abdomen is then worked up and 

down as if the egg were being packed in. The whole operation 

requires two or three minutes. The position is again reversed 

and the female works the packing with snout and antenna for 

several minutes until apparently satisfied, when she moves off 

in search of another place in which to deposit an egg. 

THE NUMBER OF EGGS OVIPOSITED BY ONE FEMALE. 

Some observations were made in 1905 and 1906 to determine 
the number of eggs deposited by adult females. When the in- 

vestigation of the life history of this insect was taken up, in. 

the latter part of August, 1905, practically all the beetles of 
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that year’s brood had emerged from the larval channels. It’ 

was therefore too late to obtain beetles that summer to deter- 
mine the capacity for egg laying, and know with certainty that © 

-no eggs had been deposited. However, some observations were 

made upon beetles that had been captured in a poplar planta- 

tion, and it is thought that since the beetles continue to emerge 

for several weeks after the first appearance of the adults, at 

least some of the beetles had not begun to oviposit. 

The details of the observations are as follows: A pair of 

beetles while copulating were confined in a separate breeding 

cage, in which had been planted cuttings about an inch in 

diameter that had been made from the stem of a two or thre? 

year old nursery poplar to serve as food and for purposes of 

oviposition. After the beetles had fed upon and oviposited in 

the cuttings for several days, the punctures were dissected with 

the aid of a lens, the eggs not being counted until they were 

Seer: 

Observations were made on ten pairs of beetles lasting from 

Sept. 6 to Oct. 11. The examinations for the eggs in the bark 

were made at irregular intervals. ‘The egg laying record of the 

insects is as follows: 

TasLe I]— NumeBer or Eccs DeposiTep By FEMALE, C. lapathi. 

Sept.| Sept.| Sept.| Sept.| Sept.| Sept.| Sept.| Sent.| Sent.) Sert.| Oct. 4 
INSECTS. buy thee vg al ga) 1 pe | 48.9) aie} oe oan yt Pete. 

5 DE Seat ae i 2S a Mi a 2 3 5 Al iia. 3 6 PACA Yeo 25 
15) 0) SR ogee ORs IA en ee 2 pias Soe 1 i uv hod pA SW Ce Siok FL 14 
rr ee fete" Leet a 1 2 ees A ae 8 MUU ARE | Gm Rta 20 
1S ah ee eee ee ee Oe les IL Penns bitty Een ie Suthincthaa 3 4 
ALL Dae 2) ere, 1 2 7 4 2 fal Rest oie i Fay es Ubud 27 
102 ee ag | PEER me We i pease 6S a58 kl omen 6 5 Shen ies 23 
Eee er nee Onl Ie Bee BL} Ge 0 a eae ga ae OH AES eas 2 UIA NEGIMA SA Ula Be 10 
Tee Mt eR eA et Mt os 1 2 5 1 2 3 RW UP eaten Sy 14 
AAO Wi oo ee he fed mt Thies 4 RN ee 2 15 
kes eas e.g OCH eee 1 eae Ae bse ei ee z CO Ag, tit AN Salat ki 4 1l 

The average number of eggs deposited by the ten females is 

16.3, and the greatest number deposited by one individual is 27. 

An effort was made in 1906 to repeat these observations, upon 

beetles that had emerged in breeding cages. Many beetles were 

secured from the wood of some badly infested poplars and wil- 

lows. A week or ten days after emerging some of the beetles 

began to copulate and a number of pairs were isolated. But for 

some unaccountable reason the beetles were short-lived and very 
few eggs were deposited. 
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FEEDING HABITS OF THE ADULT. 

The adult is a voracious eater and obtains subsistence by 

puncturing the bark and feeding on the cambium layer. For the 

first week or ten days after emerging the beetle feeds extensively 

upon the tender bark of one year old branches, then copulation 

takes place, after which the beetles are more often found on the 

older parts of the tree. One observation seems to indicate that 

young bark is a prime necessity. A number of beetles developed 

in a breeding cage in which there was only the old wood from 

which they had emerged. The beetles did not eat the old bark 

and many appeared dead after three or four days, but revived 

when put on a diet of young twigs. This was probably the 

ripening period for oviposition, as during the first week or ten 

days after emerging no eggs are deposited. When the beetles 

are ovipositing they are more often found puncturing the bark 

of two to four year old wood, and if at this time they are given 

twigs and small branches of one year old wood exclusively for 

food, they will riddle the bark with punctures but will not 

Oviposit in the bark. In several instances similar to this the 

eggs have been deposited on the floor or walls of the breeding 

cage. No eggs have been detected in the bark of one year old 

wood. This apparent distinction shown by the beetle between 

one year and two year bark is brought out strongly in one of 

the methods of growing poplars in the nursery, which is as 

follows: A cutting of one year wood is put in the ground. This 

is allowed to root and one bud to grow. After one year’s growth 

the shoot and tap root are pruned and the stock replanted. At 
the end of another year it is called a one year old tree, though it 

may have six or eight inches of two year wood above ground. 

These one year trees are often infested but the point where the 

eggs are inserted will invariably be in the two year old wood. 

According to nurserymen, this pruning and replanting is done to 
give the tree a better root system. 

DISTANCE THE BEETLES TRAVEL TO FIND NEW, PASTURES. 

In infested localities the beetles seem to be present everywhere 

upon willows and poplars, and it is evident that they occasionally 

migrate or are scattered by some means. ‘However, none have ever \ 

been observed in the act of migration. The beetles have perfect 

wings but in the observations of two summers none have been seen 

flying. In a grove composed mostly of poplars and willows, some 



‘V
an

d 
6
 

‘
O
I
 

S
d
a
O
a
W
I
N
Y
 

G
N
V
 

Z
I
G
 

I
V
A
N
I
V
N
 

‘V
AN
V’
] 

A
Y
A
L
V
I
 

‘Q
 

‘O
ly
 

{
q
x
o
u
w
I
N
G
 

‘
V
A
Y
W
]
 

G
a
H
O
L
V
E
T
 

A
T
M
A
N
 

‘Z
 

‘
O
I
 

{
D
D
T
 

‘9
 

“O
LY
 

‘
S
O
O
 

XO
X 

S
A
U
N
L
O
N
N
 

‘$
 

“O
l 

:A
ZI

G 
Ad
IT
 

UN
V 

da
du
VI
NG
Y 

“I
Ta

ay
 

‘Y
 

OL
 

I 
‘s

ol
 

: W
A
G
E
 

AV
Id
Og
 

JO
 

SA
NV

IS
 

BA
IT
 

—
]
I
I
A
 

B
L
V
I
g
 



en” ” 

LIBRARY = accu 
OR THE 
UNIVERSITY OF ILLINOIS 



Fic. 3, EXUDATIONS OF SPLINTERS AND EXCREMENT FROM LARVAL CHAN- 

Fic. 4, BARK REMOVED SHOWING GIRDLING BY LARVA 

’ 

. ’ 

NELS 

PLATE IX.— Fics. I AND 2, BARK PUNCTURED BY ADULTS 





PorpLAaR WEEVIL. 

PLATE X.— LoncITUDINAL SECTIONS SHOWING LARVAL CHANNELS OF 





“
H
A
G
A
 

AV
Id
OG
 

AH
L 

dO
 

SA
IM

AL
N]

 
OI

LS
IY

AL
OV

AV
HD

 
D
N
I
M
O
H
S
 

Sa
ad

] 
A
Y
T
S
Y
N
N
 

—
[
X
 

AL
VI
g 





“
I
I
A
G
A
 

NM
 

AV
Id
Og
 

Ad
 

Ga
NN
(N
] 

SA
IN
T,
 

A
Y
I
S
Y
N
N
 

—
]
L
[
X
 

aA
Lv

ig
 





“T
IA
TA
 

AM
A 

AV
Id
OG
 

AG
 

GA
MN

(N
] 

S
M
O
T
I
I
M
 

FJ
AI

LV
N 

—'
[I

[T
X 

IL
VI
g 



omit ." ade 



New YorK AGRICULTURAL EXPERIMENT STATION. 209 

of which were badly infested with this beetle, a lantern trap was 
placed on the nights of October 4th and 5th, 1905, and again 

for eleven nights during August, 1906. The catch of insects in 

each instance was large, both in variety and numbers, but included 
no C. lapathi. Some observations that are of interest in this con- 

nection were made in one of the nurseries belonging to Mr. H. E. 

Merrill of Geneva. There are four blocks of poplars in a line. 

east and west, each about one hundred yards apart. The west and 

east blocks are the youngest, one being one year old, and the other, 

cuttings ; and though frequently inspected no beetles were found 

on either. But the central blocks, one two years old and the other 

three years old, were each badly infested. 
During the summer of 1906, in order to learn more of the migra- 

tory habits of the beetle, thirty-five specimens were caught in a nur- 

sery poplar block and marked so that they could be recognized. 

These marked beetles were then liberated at a distance of fifty 

yards from the block in which they were captured. At intervals 

of several days all the neighboring poplars were carefully examined, 

and more than four times the original number of beetles were 

captured, but none of the marked beetles were collected. 

While these observations are not conclusive, yet it is believed 

from the behavior of the beetles that they do not naturally travel 

far and that they rarely migrate from an abundant food supply. 

EXPERIMENTS WITH POISON SPRAYS FOR THE CON- 

TROL OF CHE PEST. 

The adult is an external feeder and obtains subsistence by 

puncturing the bark.—The great number of punctures made in 

the bark by the adult while feeding at once suggested the possi- 

bility of using arsenical sprays as a means for the control of the 

pest in the nursery. In order to learn the effect of these sprays 

upon the beetles, a number of experiments ware made, as follows: 

SPRAYING TESTS OF I905. 

Experwmment No. 1.— On August 26, 1905, the branch.of a poplar 

tree was sprayed with paris green at the rate of one pound to 

fifty gallons of water. Three pairs of beetles were then put on 

the branch, which was covered by means of strong mosquito netting. 

Four days later some of the beetles were apparently dead and the 

others were ailing. On September 1, six days later, all the beetles 

_were dead, The bark showed no evidences of injury by the beetles. 
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Experiment No. 2.—On August 29, 1905, the tops of two poplars 

in a nursery row were headed in and then sprayed with arsenate 

of lead, using two pounds to fifty gallons of water. Eight pairs 

of beetles were then placed on each tree, being enclosed by means 

of large cheesecloth bags. On September 4, six days later, twenty 

of the thirty-two beetles were dead. The wood had been only 

‘slightly punctured. 

Experiment No. 3.—On September 29, 1905, forty beetles were 

enclosed in a similar manner as in experiment 2 on two trees that 

had been sprayed twenty days previously with arsenate of lead, 

using two pounds to fifty gallons of water. The greater part of 

the spray had apparently washed off during the twenty days. On 

September 29,’ ten days later, some beetles were dead and all ap- 

peared ailing. On October Io, all but one of the forty beetles 

were dead. 

As a check on the preceding experiments, twenty-six beetles, 

divided into five lots, were confined in bags on unsprayed trees 

to determine if the confinement itself affected the insects unfavor- 

ably. ‘The results are as follows: 

TABLE II].— Errects of CONFINEMENT OF BEETLES ON UNSPRAYED TREES. 

Number of Number Number 
Date beetles were confined in bags.| beetles to alive alive 

each lot. Sept, 23. October 13. 

AUPUSE ZO Tsien shieeiuty ote ane 14 11 2) | The spas 
IATIQUSE OG Sho h.7.) RRP ee Oe 2 2 uf in each 
ANA SISTI DS), Leo sts Wee RUN Ee ook 4 4 1 instance 
AUSUSU PED ec Sais Hen kit aaa! 2 2 iH was badly 
Amoust bes oli peice eee ote lhe 4 3 ed Wh punctured 

3 PEAS 

From the above table it will be seen that on September 23, 

twenty-nine days after the beetles were confined in bags, twenty- 

two of the twenty-six beetles were still living. On October 15, 

fifty days after the beetles were confined, six adults were still 

living. From these results it is believed that the-use of bags 

to enclose beetles had no appreciable effect upon the health of the 

insect. 

SPRAYING TESTS OF 1906. 

On August 23, 1906, the following experiments were under- 

taken to corroborate the results of 1905 with the use of poisons _ 
for the control of the beetle. 
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A tree was selected that had been sprayed thirty-nine days pre- 

viously (July 14) with bordeaux mixture, containing five pounds 

of arsenate of lead to fifty gallons of the spray. Most of the 

application had apparently washed off during the interval. The 

larger limbs of the tree were cut back and the tree was enclosed in 

a strong bag of mosquito netting in which twenty beetles were 

placed. 

On the same day another tree was selected from a block of 

poplars which had been sprayed August 6 with arsenate of lead, 

using three pounds of the poison to fifty gallons of water. Dur- 

ing the intervening seventeen days all but a trace of the poison 

had apparently washed off. This tree was bagged as the preced- 

ing one and twenty beetles were also confined. 

A third tree was chosen from a block of Atak that had not 

been sprayed and was covered with mosquito netting to contain 

twenty beetles, to be used as a check. In three days the effect of 

the poison began to show upon the activities of the beetles, for 

the individuals on the sprayed trees appeared dormant. On Sep- 

tember 5, thirteen days after being put on the trees, the contents 

of the bags were examined. All the beetles, forty in number, on 
the sprayed trees, were dead. Of the twenty specimens on the 

check tree, only four were dead. The remaining sixteen were 

apparently not affected by being enclosed in the bag of mosquito 

netting. 

CONCLUSIONS OF THE EXPERIMENTS WITH POISON. 

While the experiments with poison sprays were conducted accord- 

ing to laboratory methods and the number of. beetles involved in 

the experiments was limited to about three hundred, the results are 

encouraging and indicate that thorough spraying with an arsenical 

poison of the poplar and willow plantations about July 15, will 

materially reduce the number of beetles and thereby lessen the 

number of eggs deposited in the trees. 

THE EFFECT OF CONTACT SPRAYS UPON THE HIBERNATING LARVAE. 

A number of experiments have been made to determine the effect 

of various washes, composed largely of lime, kerosene and arsenical 

poison in combination. These washes were applied during the 

winter to learn the effect upon the young larvae. In each case the 

application had no appreciable effect upon the larvae. 
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DOES POISON REPEL OR DESTROY THE BEETLES ? 

After the spraying and bagging experiments of 1905 were com- 

pleted, it was evident that enclosing beetles in bags upon trees that 

had been sprayed with poison resulted in the death of the beetles. 

It was now desirable to ascertain whether the beetles died as a 

result of poison or of starvation. To determine this, on August 4th, 

1906, forty-five beetles, divided into lots of fifteen individuals, were 

fed in three glass containers with an abundance of food. The first 

container held only sprayed twigs and branches, the second held 

both sprayed and unsprayed twigs, while the third held only un- 

sprayed twigs. The beetles in container two fed upon both sprayed 

and unsprayed food with apparent relish, showing no discrimina- 

tion between sprayed and unsprayed bark. On August Ii, seven 

days afterward, of the beetles in containers one and two, only one 

beetle in each lot was alive, while in container three, holding only 

unsprayed food, thirteen beetles were alive. 

NURSERY PRACTICES THAT: FAVOR THE) BEETLE; 

In a study of the various methods of growing poplars and wil- 

lows, a practice has now and then been observed that is favorable 

to the multiplication of the poplar beetle. It has been learned that 

in most cases the degree of infestation increases with the age of 

the poplar and willow blocks. Oftentimes a block of one year or 

two year trees that is practically free from infestation one year, 

will in the following season be so badly infested that from twenty- | 

five to fifty per ct. of the trees will be unfit for sale. For this 

reason nurserymen should, as far as is practicable, dispose of the 

stock when it is not more than two or three years of age. When 

a tree becomes so badly injured by the beetles that it is unsalable, 

it should be taken out and burned, as the chances for its recovery 

are small, and such trees serve as breeding places for the beetle. 

The same practice should be pursued with infested native willows 

that are frequently allowed to grow in swampy places or along 

canals or streams adjacent to nurseries. Any brush or injured trees 

taken from the nursery blocks should be burned. On several occa- 

sions brush in nurseries has been found to contain adult beetles 

ready to emerge. A special instance was noted as follows: Several 

one year old trees were found in a nursery brush pile with the 

appearance of having been there a week or more. A number of 

these that had been broken off by the wind as a result of the girdling 

habit of the beetle, were put in a dry place and examined two weeks 
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later. Of the larval channels that were examined, a number of 

the beetles had emerged, some were still in the channel ready to 

escape, and of thirty larvae present in the channels, all but three 

reached the adult stage. 7 

DIRECTIONS FOR PREVENTION OF INJURY AND CON- 

ROTOR BEE EDES: 

From observations that have been made, it is believed that 

planting young blocks of trees adjacent to old plantations facili- 

tates the spread of the beetles, and their injurious work. When- 

ever practicable, young trees should not be grown near old infested 

blocks. When a few trees or a plantation is slightly infested, the 

insect can be effectually controlled by cutting out and burning the 

infested parts in June, before the beetles emerge. The presence of 

the larvae in the wood is indicated by the appearance of sawdust 

and excremental particles, and the exudation of sap at the external 

opening of the larval channel. Also much benefit will be derived 

by destroying by fire all branches and trees broken by the wind or 

otherwise injured, as they are likely to be infested. Plate IX, fig. 3. 

Poplar and willow blocks grown in localities where the beetle 

is abundant-should be sprayed during the last two weeks in July 

with bordeaux mixture, containing three pounds of lead arsenate 

to fifty gallons of the mixture. This is advised experimentally, as 

the tests in the nurseries to determine the value of this treatment ° 

are not as yet completed. The trees should be thoroughly sprayed 

so that all parts of the bark, including that of the small branches, 

are well coated with the poison. 

The total cost of this treatment when applied to two year old 

nursery trees in our experiments, was approximately one-fourth 

of a cent per tree. The experiments indicate that if the treat- 

ment is properly applied it will control the poplar weevil. This 

spray also protects the tree from many other insect and fungus 

enemies. 

If willows or poplars planted for windbreaks, or screens, or 

holders of the soil, should become so badly injured as to impair 

their beauty, it is advisable to dig out and burn the infested trees 

during the winter or spring, and to replant with some other kind 

of atree. For this purpose, Mr. A. H. Kirkland of Massachusetts, 

recommends the silver: maple, Acer dasycarpum, or its variety 

weirit, either of which is said to make a good growth in damp 
localities. 
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I. BORDEAUX INJURY# 

A, (Poet BRICK, 

’ 

SUMMARY. 

1. Bordeaux injury is known under several names, as “ spray 

injury,” “ bordeaux scald,’ “ bordeaux burning,” “ spray russeting,” 

“cork russeting,” and “ yellow leaf.” 

2. Accounts of bordeaux injury date back to the first use of 

bordeaux mixture upon the apple, and almost all subsequent workers 

in the field of experimentation have noted it. 

3. Injury occurs in some degree wherever bordeaux mixture 

is used. Correspondence has brought out the fact that it is found 

in all apple-growing sections of North America, Europe, Australia, 

Tasmania and New Zealand. 

4. Different species of plants are injured in different degrees 

by bordeaux mixture. The peach, dpricot and Japanese plum are 

most susceptible to injury. The common plum, quince, pear and 

apple are injured in about equal degree. Varieties of the above 

fruits are susceptible to injury in greatly different degrees. 

5. The amount of injury done to a given species or variety 

seems to depend: (1) Upon the specific susceptibility of the plant; 

(2) upon the solvent properties of cell sap on the copper hydroxid; 

(3) upon the permeability of the epidermis of the plant; (4) upon 

the weather conditions following spraying. 

6. There are many anomalies of occurrence brought about, for 

most part, by weather conditions; as, damage in some seasons, 

not in others; in some localities and not in others; some report 

dry seasons as favoring injury, others wet; some trees of a variety 

*A reprint of Bulletin No. 287. 

| [217] 
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are injured more than others; the injury is sometimes most severe 

on the fruit and sometimes on the foliage; the fruit alone of some 

varieties is immune and of others, the foliage; the injury may 

appear in a few days or may not show for several weeks after 

spraying; and a very weak mixture may cause greater injury than 

a stronger one used under similar conditions. 

7. Injury on the fruit first appears as small, round, black or 

brown specks. Later, the injured specimens become rough and 

russeted because of a ruptured epidermis and layers of dead corky 

cells. Badly injured specimens are always more or less distorted 

through shrinkage of the injured portions, by teat-like malforma- 

tions, or by rough, sunken scars. 

8. Injured apples do not keep well. ‘Their season in cold storage 

is not greatly shortened but when the fruit is exposed to the air 

the affected parts become mealy, decay sets in quickly, and the 

flesh becomes soft and flabby. 

g. A microscopic examination of injured fruits shows that the 

waxy covering and the cuticle proper have been largely destroyed. : 

Such of the epidermal cells as remain and those of the fruit flesh 

which are injured, have much thickened walls of a brown, corky 

appearance. 3 

10. Affected leaves first show dead, brown spots of various 

shapes and sizes. Quickly following the appearance of these spots 

the leaf tissues turn yellow and the leaves fall. When the injury 

is slight the yellowing may not appear nor the leaves drop. | 

11. Bordeaux mixture has a particularly harmful effect on the 

apple blossom, killing the tissues of the floral organs. 

12. Injuries from the arsenites, frost, fungi, work of blister 

mites, lens action of drops of water, and from lime, are somewhat 

similar to bordeaux injury and are often confused with it. 

13. Some varieties of apples are injured much less than others 

by bordeaux mixture and there is a wide range in this variation. 

Immunity to bordeaux injury does not correspond with immunity 

to the apple scab fungus. 

14. The chemistry of bordeaux mixture, though seemingly simple, 

is somewhat complex. The compounds formed vary greatly with 

the proportions of the ingredients used and the conditions: under 

which the mixture is made. The mixture changes greatly under 

the influence of weather and especially of moisture in meteoric 

form. : 

15. [Theories as to the toxic action of bordeaux mixture may 

be grouped into two classes: (1) The mixture is acted upon by 
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the moisture of the atmosphere and the toxic substances pass 

through the epidermis of the leaf with harmful effects. (2) 

Leaves and fruits secrete fluids which dissolve portions of the 

copper compound; this finds its way into the cellular tissue and 

death results to the cells reached. 

16. A study of bordeaux injury in the State at large showed: 
That in 1905 about 70 per ct. of the orchards sprayed had been 

injured; that an excess of lime’ did not prevent the injury; that 

in some orchards spraying did more harm than good; that there 

had been similar losses in past years; that the use of power 

machinery seemed to increase the injury; that wet weather gave 

the favoring conditions for injury; and that some varieties are 

more susceptible to injury than others. 

17. An experiment on the Station grounds to show the effects 

of bordeaux mixture on the fruit and foliage of the apple proved 

conclusively that this mixture causes the trouble known in New 

Work as“ spray injury.” 

18. In the above experiments injury appeared immediately after 

the first shower of rain following the spraying and continued to 

develop until the fruits of the Baldwin and Greening were half 

erown. 

19. The toxic substance seemed to pass through the stomata 

and the basal cells of plant hairs into the cellular tissue of the 

fruit. Small black specks characterize the first stage of bordeaux 

russeting. Each of these was usually formed about a stoma. 

20. As the fruits grow the epidermis is lacerated because the 

dead cells are unable to bear their share of the surface tension. 

It is these dead cells and the healing of the lacerations that cause 

the corky russeted surface of fruits. © 

21. Bordeaux injury on fruit comes from early spraying, after 

the blossoms have dropped, and it is not probable that much dam- 

age is done after the hairs have been shed and the stomata changed 

into lenticels. | 

22. No conclusion could be reached as to how the toxic in- 

gredient finds its way into the cellular tissue of the leaves. Since 

the dead spots are nearly always under heavy bordeaux mixture 

stains, it may be that the dissolved salts enter osmotically into the 

cells of the:leaf surface. 

23. An experiment to show whether wet or dry weather gave 

favoring conditions for bordeaux injury confirmed the opinions of 

fruit-growers that wet weather gives the favoring atmospheric 

condition for this trouble. 
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24. Bordeaux mixture containing an excess of lime, in the ex- 

periments on the Station grounds, did not prevent nor greatly 

lessen bordeaux injury, again corroborating the experience of fruit 

growers. 

25. In a wet season there may be some slight advantage in the 

use of an excess: of lime in that it may delay the fungicidal action 

of the copper salts, an advantage in controlling the scab fungus 

in such a season. 

20. Disadvantages of an excess of lime are that a mixture con- 

taining it is more difficult ‘to apply well and that the fungicidal 

action of the mixture may be weakened in a dry season. 

27. An experiment to show the effects of bordeaux mixtures 

made with varying quantities of copper sulphate and lime, showed 

that, the more copper sulphate, the greater the injury. | 

28. The experiment noted in 27 showed that in general the 

stronger the solution, as to copper sulphate, the better the control 

of the scab fungus. But the differences between the 4-4-50 solu- 

tion and the 3-3-50 one in controlling the fungus were so insigni- 

ficant that it is believed that the weaker one can be used and to 

advantage as it would cause less bordeaux injury. 

29. There are no means of entirely preventing the toxic action 

of the copper salts in spraying fruits with bordeaux mixture. The 

problem is to spray so as to control fungi and yet injure the host 

plant as little as possible. 

30. Practical suggestions for spraying are: Use less copper sul- 

phate; give the 3-3-50 formula for bordeaux mixture a thorough 

trial. Spray in moderation; spray to cover the foliage and fruit 

with a thin film and yet not have the trees drip heavily. So far 

as possible the bordeaux mixture should be used only in dry weather. 

Use equal amounts of lime and copper sulphate. 

31. Some varieties of apples may be sprayed without much fear 

of injury. Others must be sprayed with great care. Distinguish 

between the varieties in spraying operations. 

32. Many varieties of apples are nearly immune to attacks of 

the scab fungus. These need comparatively light applications of 

bordeaux mixture in the average season. 

33. Bordeaux mixture is the best fungicide known to the apple 

grower. Its use cannot be given ,up in fighting the apple scab 

even though it cause some injury; apple scab causes a far greater 

loss than bordeaux injury. 
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INTRODUCTION. 
It has long been known that under some conditions bordeaux 

mixture injures the, fruit and foliage of the apple. Such injury 

is becoming more common and is increasing in severity in New 

York. A circular letter sent in the fall of 1905, to 116 leading 

apple growers of the State, brought 108 replies from men who 

had used bordeaux mixture, 98 of whom had used it that season. 

Of the 98, practically all had had some experience with the 

bordeaux injury in the past, and 69, or about 70 per ct. of them, 

had severely injured their fruit and foliage in 1905. Ten men 

reported that spraying had done more damage than the apple 

scab for which it was used. Accounts of similar losses to the 

apple crop in this State date back to 1894, when Beach! first 

reported upon it. 

Attempts on the part of the fruit-grower to control the injury 

by adding lime, decreasing the amount of copper sulphate, and by 

varying the time of spraying, having failed to bring forth methods 

of control, this Station began investigations in the spring of 1906 

to determine: (1) The cause of bordeaux injury; (2) conditions 

favoring the injury; (3) means of preventing such injury. This 

bulletin is a report of the investigations, with a discussion of the: 

whole matter of bordeaux injury. 

There is danger that a careless reader of the discussion that. 

follows may think that the writer is advocating giving up bordeaux 

mixture as a spray for apples. There should be no such thought. © 

This mixture is still by far the best fungicide for the apple. It 

was premised when the experiments herein described were begun, 

and it is still held after their completion, that, in spite of the injury, 

the apple-grower must continue to spray with bordeaux mixture. 

It shotld be noted that the trouble which we have called 

“bordeaux injury” is known under several names in this State 

and in the country at large. The most common of these is “ spray 

injury ’— an indefinite term since several spraying compounds may 

cause injuries; other names are “bordeaux scald,” “ bordeaux 

burning,” “spray russeting”’ and “cork russeting”’ as applied to 

injury on fruit, and “leaf spot” and “ yellow leaf” when the 

foliage is the part injured. It is hoped that ‘“‘ bordeaux injury ” 

may come into common use in designating this trouble. 

1 Beach (9). The number‘in ( ) refers to the bibliography. 
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ACCOUNTS OF BORDEAUX INJURY. 
karly experimenters with bordeaux mixture in this country 

reported injury from its use upon the apple, and almost all sub- 

sequent workers in the field of experimentation have noted it, 

though no one seems to have given it careful attention in America. 

It is not necessary, and I shall not attempt, to give all of the 

references to bordeaux injury to be found in spraying literature; 

the following from American authorities are those which seem - 

of special interest from one standpoint or another: 

In 1889 Weed? states that experiments have shown that, “it 

is not safe to use bordeaux mixture against apple scab since it 

injures the apples.” Jones? found in 1892 that strong bordeaux 

mixture, “in some cases injured the leaves of the trees (apple) 

seriously.” Green* in 1893, says, speaking of bordeaux mixture, 

‘it sometimes causes a russet appearance of the fruit if applied 

too late.” By far the fullest description of bordeaux injury until 

1894, was given by Beach.® He describes the injury on apples 

and pears, discusses causes of it and gives lists of apples and pears 

susceptible to the injury. In 1894 Lodeman® also discusses 

bordeaux injury on apples and pears and gives an account of the 

microscopic appearance of injured and healthy portions of a Bald- 

win apple. Jones™ again records spray injury. The following 

year Lodeman writes upon the subject at some length in several 

*publications and recommends an excess of lime as a means 

of lessening the injury. Under the head of “ Spotting and Drop- 

ping of Apple Leaves Caused by Spraying,’ Stewart and Eustace® 

give the fullest account of bordeaux injury on foliage up to the 

time of their writing in 1902. Von Schrenk® in writing of spray- 

ing for the bitter-rot of apples in 1903 says, “the early spraying 

resulted in a severe rusting of the fruit during one year.” Scott’? 
in 1906 gives an account of the injurious effects of spraying with 

bordeaux mixture to control bitter-rot. He recommends the use 

of less copper sulphate and more lime. 

2 Weed (62, p. 188). 
3 Jones (30, p. 32). 

4Green (26, p. 10). 

5 Beach (9, pp. 20-33). 

6 Lodeman (35). 

7 Jones (31). 

8 Stewart and Eustace (58). 

9 Von Schrenk (62). 

10 Scott (52). 
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A complete bibliography would require many references to Euro- 

pean literature and especially to the works of several Germans 

who seemingly noted and described bordeaux injury long before 

and much more fully than experimenters in this country. Refer- 
ences are given as this discussion proceeds to such foreign literature 
on the subject as has been available to the writer. 

OCCURRENCE OF BORDEAUX INJURY. 

GEOGRAPHICAL OCCURRENCE. 

So far as the writer can learn, injury occurs in some degree 

wherever bordeaux mixture is used upon the apple. It is lessened, 

but not entirely prevented, by climatic conditions. Correspondence 

has brought out the fact that it is found in all apple-growing 

sections of North America, Europe, Australia, Tasmania and New 

‘Zealand. The following letters, published in considerable num- 

bers, are but a few of those received reporting the injury.* The 

letters chosen for publication are those which bring out some 

special phase of the subject; as, geographical occurrence, severity 

of the injury, descriptive peculiarities, and in short all statements 

that will in any way illuminate the subject. 
The following are from New York apple growers: 

“Nearly one-half the foliage of my ten-acre Baldwin orchard dropped 

through spray injury the past season. JI had the same trouble last year. 

Formula used was 5 pounds of lime, 5 pounds of copper sulphate, 2 pounds 

of arsenate of lead and 50 gallons of water. Spraying has done more harm 

than good for me the past season. Warm, cloudy weather and frequent rains 

favored the production of the injury.’”—W. D. Aucuter, Barnard. 

The above orchard is controlled by this Station and was sprayed 

under its direction. 

% 1 

“This season I have lost about one-half the foliage on a ten-year-old apple 

orchard. Have suffered in the same way two or three times before, but never 

so much as this year. I used 18 pounds of copper sulphate, about 12 pounds 

of lime and 2 pounds of green arsenoid to 150 gallons of water. I used the 

ferrocyanide test for the bordeaux. Spraying has done more harm than 

good to my apples the past season. The varieties injured were Winesap and 

Yellow Newtown.”— E. W. Barns, Middlehope. 

“T have had spray injury the past season. I think my crop was lessened 

about 100 barrels because of the injury. There was no apparent injury to 

the foliage or fruit till the heavy rains began. The formula used was Io 

pounds of copper sulphate to 135 gallons of water, with lime enough to 

i 
_ 

* See acknowledgments, p. 281. 
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satisfy the ferrocyanide test. One pound of paris green was added to the 

above mixture. Continuous heavy rains just after spraying seemed to give 

favoring conditions for the injury. The Greening suffered most, after which 

came the Fameuse. All the green colored fruit, except Fall Pippin, seemed 

to be susceptible to the injury, however.’’-—W. A. Bassett, Interlaken. 

Note the influence of the rains. 

“Have had some spray injury this season. Last year I had a great deal. 

My leaves were badly spotted and over half of them fell. I sprayed four 

times with 6 pounds of copper sulphate and lime to satisfy the ferrocyanide 

test. This year I have used 4 pounds to 50 gallons of water with the test 

and an excess of lime to which was added paris green. Rain after spraying, 

if it comes in an hour or two, does more damage than if dry a week. With 

me, Baldwin is most susceptible to damage. We have had some of this 

trouble for the past eight years. With the reduced amount of copper sulphate 

this year we have had just as good results in controlling the scab and one- 

half less injury to the leaves.”— F. M. Brap.ey, Barker. ; 

“This year, 1905, nearly every tree that we sprayed was injured both in 

foliage and fruit. The injury can be seen at a great distance, the trees hav- 

ing a brown, russeted, stunted appearance with but little new growth. In 

making the bordeaux we used 5 pounds of copper sulphate and 5 or 6 

pounds of lime to 50 gallons of water, to which was added 8 ounces of paris 

green. The present wet season seems to be very favorable to the injury. In 

our orchard Twenty Ounce, Red Astrachan, Fallawater and Baldwin were 

all badly injured, especially on the lower branches. We sprayed but twice; 

once before the blossoms opened, and once just after the petals fell. The 

weather at both sprayings was very favorable to spraying. The mixture 

dried thoroughly on the trees each time.”— Dosson Bros., Charlotte. 

In this case the serious injury reported was done by a spraying 

just after the blossoms fell, a significant fact. 

“The past season some varieties of apples were nearly all thinned off the 

trees and I lost nearly all of the first leaves in my orchard. Three-year-old 

trees suffered badly. My fruit has suffered some from spray injury in past 

years. This year’s crop was damaged more than spraying did good. I use*4 

pounds of copper sulphate, 6 pounds of lime, 2 pounds of arsenate of lead 

to 50 gallons of water. A heavy fall of rain followed by. bright sunshine 

seemed to me to give conditions most favorable for spray injury. King, 

Rhode Island Greening and Twenty Ounce are most susceptible to injury in 

my orchard.”— Grant Hircuinecs, South Onondaga. 

Note the severe injury in Mr. Hitchings’ orchard in spite of a 

considerable excess of lime. 

“We have had more russeting of fruit the past season than usual and at 

the same time a good deal Of spotting of the foliage. In past years we have 

always lost more or less foliage and have always had some russeted fruit 



New York AGRICULTURAL EXPERIMENT STATION. | 225 

through spray injury. The formula used is, 12 pounds of copper sulphate 

with lime enough to correct the acid in accordance with the ferrocyanide 

test and three-fourths of a pound of paris green to 150 gallons of water. 

We can see very clearly that the spotting of the leaf and the russeting of 

the fruit were due to our spraying. We have never been able to spray in 

such a manner as to do no injury in some places and yet get on enough 

of the spray mixture to protect the fruit and foliage;— especially in wet 

seasons, which seem to favor such injury.’—C. M. HookEr ANp Sons, 

Rochester. 

“We have had serious spray injury in one orchard of Newtown Pippins. 

In this orchard I lost fully half the foliage. I use 6 pounds of copper 

sulphate and 6 pounds of new process lime to 50 gallons of water, the 

ingredients mixed in fully diluted solutions. To the above I add from one- 

third to one-half pound of paris green. In answer to your question as to 

whether spraying has done more harm than good the past season, emphati- 

cally, yes. I have used the same material and the same formula for fifteen 

years and J have never had any injury before. The season with us has been 

the driest in my recollection. The Newtown Pippins suffered most but all 

varieties have been injured. I could not believe that spraying caused the 

trouble at first but five or six trees on a very steep hillside that were not 

sprayed did not show the injury.”— Henry D. Lewis, Annandale. 

This is the most serious case of injury reported as having oc- 

curred in a dry season. 

“Rhode Island Greenings and some other varieties were badly russeted 
the past season (1905). I used 7 pounds of copper sulphate and from 12 

to 14 pounds of lime and one-half pound of paris green for 100 gallons of 

water. During the past four years I have had considerable spray injury. 

In 1902 all of my fruit was russeted and some of it was cracked open. I 

believe that many hundreds of barrels were destroyed by the spray injury. 

The mixture contained 10 pounds of copper to Ico gallons of water and 

the ferrocyanide test was used. In 1903 I took more care in making and 

applying the bordeaux but still had much damage. In 1904 I further re- 

duced the amount of copper sulphate and yet had considerable injury. In 

1905 I greatly increased the amount of lime and was very cautious in mak- 

ing applications but the injury continued though it was not as serious as 

before. During these four years I have used a power sprayer. Previously 

I used a hand pump and without serious injury during the ten preceding 

years. I believe the copper sulphate causes the injury. I am inclined to 

think also that spraying under high pressure, which causes a very fine spray, 

and thereby gives a larger amount of material which adheres on the fruit, 

is also a cause of the difficulty. I have never observed similar injury in 

unsprayed orchards and I have driven many miles in looking this matter up. 

I am convinced that such injury is to be found only in sprayed orchards. 

The varieties most susceptible to spray injury, according to my experience, are 

Rhode Island Greening, McIntosh, Boiken and Twenty Ounce.”— W. T. 

Mann, Barker. 

This letter deserves especial attention as it gives a series of 

- experiences all of which throw light on bordeaux injury. 
8 
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“Last season our apple foliage was spotted and burned and much of it 

dropped. The fruit was russeted, malformed and reduced in size. In 1904 

we sprayed with the same formula with excellent results to the fruit and 

with but slight injury to foliage. We used 6 pounds of copper sulphate to 

50 gallons of water and lime sufficient to satisfy the ferrocyanide test. For 

an arsenite, 55 ounces of acetate of lead and 20 ounces of arsenite of soda 

to 50 gallons of the bordeaux. Since we have used a power sprayer and 

‘have given the foliage a thorough drenching from above and below, we 

have had more spray injury than when we used a hand pump and only 

sprayed from above. Moisture and excessive heat closely following spray- 

ing seemed to give favoring conditions for the injury. Some years we have 

had excellent results without apparent injury, while in other seasons our 

spraying has either injured the fruit or foliage, or both, and without any 
apparent reason.”— C. E. & E. H. Munrt, Leroy. 

It is to be noted that several growers, as above, state that bor- 

deaux injury has come with the advent of power sprayers and | 

thorough spraying whereby more of the spraying mixture is used. 

“My fruit was not injured to any great extent the past season but some 

trees showed considerable injury to the foliage. I have had more or less 

trouble with this injury ever since we have followed the practice of spraying 

thoroughly. We used 4 pounds of copper sulphate and double that quantity 

of lime to so gallons of water with white arsenic and sal soda. Do not 

know which ingredient does the harm but think that spraying during wet 

time gives conditions under which the injury is liable to occur.”— W. E. 

PALMER, Brockport. 

According to Mr. Palmer, more than doubling the amount of 

lime necessary does not prevent the injury. 

“The past season my apples were badly russeted and from 15 to 25 per 

ct. of foliage dropped. On some trees 50 per ct. of the foliage dropped. 

In 1903 my fruft was badly russeted but there was no injury to the foliage. 

In 1004 the foliage was most susceptible to the injury, although the fruit 

was injured some. I suffered most damage in 1905. I use 8 pounds of 

copper sulphate and twice as much lime as the ferrocyanide test requires, to 

100 gallons of water. To bordeaux so prepared, I add two-thirds of a 

pound of arsenite of soda. I think the injury is due to the copper sulphate. 

In our orchards where the trees have been sprayed most thoroughly, the 

injury has been greatest. I have thought that the injury was due to weather 

conditions but the varying conditions of the past three years have upset my 

theories in this regard. King has suffered most after which, in order named, 

come Baldwin and Greening. Another year we shall use a smaller amount 

ef copper sulphate.”— F. A. SALispury, Phelps. 

Attention is called to the great excess of lime used by Mr. 

Salisbury in ‘spite of which the injury occurs. 
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“My fruit was badly russeted the past season but was not seriously 

injured as to size or shape. The foliage was badly injured and much of it 

turned yellow and dropped during the summer. In past seasons I have. 

had some yellow leaves and some foliage drop but no trouble in comparison 

with that of 1905. I use 5 pounds of copper sulphate to 50 gallons of water 

with lime much in excess as determined by the ferrocyanide test. In part 

of the orchard I have used green arsenoid and in part, paris green. It 

seems to me that spraying followed by a heavy rain greatly increases the 

injury. The varieties most susceptible are Greening, Hubbardston, Twenty 

Ounce and Baldwin.”— C. K. Scoon, Geneva. 

“Nearly every leaf on my trees the past season was burned. , The trouble 

showed as small, brown dead spots, some of which were as large as a kernel 

of wheat, others larger. There were from 5 to 20 of these dead spots on 

many leaves. I have had similar trouble in the past but at no time has it 

been nearly so serious as in 1905. For a 250-gallon tank of water I use 17 

pounds of copper sulphate and 25 pounds of lime. To this I add about 1% 

pounds of white arsenic cut with concentrated lye. In my opinion this 

injury is greatest when one sprays most thoroughly and especially if at 

short range and with steam power. There is more russeting on Twenty 

Ounce than on any other variety in my orchard. There was considerable 

injury on Greenings. When I began to spray seven or eight years ago, I 

used 25 pounds of copper sulphate to 30 pounds of lime and 1% pounds 

paris green to 250 gallons of water. I now use but 17 pounds of the 

copper sulphate, having lessened the amount from year to year. I still use a 

considerable excess of lime. I have had the spray injury perhaps one-half 

of the years but at no time as bad as the season of 1905.’— IsAAc W. STEB- 

BINS, Albion. 

“In the season just passed, the foliage of. our apples was badly spotted 

and burned and a good many leaves dropped. The fruit was russeted some 

and a very few were malformed and the size of some was reduced.. I have 

had similar trouble before in wet seasons but never so serious as in 1905. 

I have never had any such injury in a dry season. I use Io pounds of 

copper sulphate, 40 pounds of lime and 8 pounds of arsenate of lead to 200 

gallons of water. In part of the orchard I used the arsenite of soda. The 

trees were spotted about the same as in the part in which I used arsenate 

of lead. I believe the trouble comes from the copper sulphate. I sprayed 

immediately after the blossoms fell, in damp, wet weather. The foliage 

scarcely dried day and night for a week. Some neighbors who waited a week 

later when the wet weather had passed did not have the spray injury even 

though they used a stronger bordeaux than did I. Wet, damp, cloudy 

weather gives favoring conditions for the injury. Three years ago an excess 

of lime seemed to prevent the injury but it did not this year. Baldwin 

foliage was hurt most. Twenty Ounce fruit showed most russeting. Northern 

Spys were not injured on leaf or fruit.’— Dretos TENny, Hilton. 

Mr. Tenny’s experience clearly shows that weak bordeaux mix- 

ture will injure fruit and foliage under unfavorable conditions. 
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“Nearly all trees sprayed with bordeaux in 1905 were injured so that 

they dropped many leaves. Much of the fruit was russeted and one-sided. 

Spraying has done more harm than good in 1905. I have had such injury 

for four years, and though I have lessened the amount of copper sulphate 

in the bordeaux, it still continues. I use 5-5-50 formula with an arsenite. 

The more thoroughly I spray, the more injury I have. The tops of the 

trees that are hard to reach are the least injured. I have thought that wet 

weather favored the injury, but I have had the trouble for four years, wet 

or dry. Wet weather makes the injury show more quickly. Rhode Island 

Greening suffers most. Then Baldwin, Jonathan, and Ben Davis, while the 

Russets suffer but little.’— FLoyp Q. Wuirte, Yorktown. 

“About 50 of my trees were injured to the exterit that more than half 

the foliage dropped. In the remainder of the orchard the injury was not 

so great. For the past five years I have had some such injury on the foliage. 

It seems to be on the increase. I used 5 pounds of sulphate, 3 pints of a 

white arsenic solution, composed of 10 pounds of white arsenic, 40 pounds 

of sal soda and 10 gallons of water, to 50 gallons of water. In some in- 

stances spraying has done more harm than good the past season. I am 

inclined to lay the injury to atmospheric conditions, of which wet weather 

favors spray injury most. Baldwin is most susceptible to the injury. I 

have four trees which were not sprayed this year and all had first-class 

foliage.”— T. B. Wirson, Halls Corners, 

Reports from other states than New York are conflicting as 

to the possibility of properly made bordeaux mixture injuring . 

fruit or foliage. In seeking information on the subject from the 

horticulturists of all of the apple-growing states in the Union, I 

found that a majority of them doubted the possibility of serious 

harmful effects from the use of this spray. In all parts of the 

United States, however, experiences were related so nearly identical 

to those of fruit-growers in New York, that the fact of bordeaux 

injury wherever bordeaux mixture is used in this country, is estab- 

lished. The following letters from apple-growing regions of 

America furnish evidence to substantiate the above statement. 

“There has been considerable of the so-called spray injury on apples in 

this section the past season. There were all degrees of the damage seen 

from a slight russeting to a warty russeted pointed side growth of the apples. 

These malformations and the russeting were confined almost exclusively to ~ 

Ben Davis. There was a little of the russeting seen on Coffelt, Winesap, 

Gano, Shockley and Northern Spy. Arkansas showed some traces of the 

russeting.”— Ernest WALKER, Horticulturist, Arkansas Station, Fayetteville, 

Ark, 

“There have been some complaints made of spray injury in different 

parts of Canada, especially in the Maritime provinces, and in the Annapolis _ 
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Valley in particular. There have also been complaints along the lake region 

of Ontario. Sometimes the injury has been very great, reducing the value 

of the fruit considerably. I have come to the conclusion that the injury is 

largely due to climatic conditions and that a liquid of any kind on fruit 

under certain conditions will cause injury, for this russeting occurs on 

trees which have not been sprayed at all. In the Annapolis Valley and 

in the lake districts the air is moister, and in moist seasons, especially, I 

believe that the skin of the apples is more tender than it is where the atmos- 

phere is drier; then, when a spray, or even heavy dew, rests on the fruit 

during bright sunshine and very hot weather, scalding and russeting follow. 

The bordeaux mixture and arsenites used generally by fruit growers are: 

Four pounds biuestone, 4 pounds lime, 40 gallons (Imperial) water, with 4 

to 6 ounces of paris green. I do not mean it to be inferred that no injury 

is done by improperly prepared spray mixtures, but what I do believe is 

that considerable injury can be done even when mixtures are well made.’— 

W. T. Macoun, Horticulturist, Central Experimental Farm, Ottawa, Can. 

“T have just received a report for the season from our field horticulturist 

at Grand Junction, Mr. Whipple, and in it I find the following item on the 

subject of bordeaux injury to apples: ‘It is found that a bordeaux mixture 

of 2 pounds of copper sulphate, 4 pounds lime, and 50 gallons water will 

russet Ben Davis and Gano apples though not to any serious extent, if used 

on any other than a clear day, and even then russeting may occur on the 

shaded portions of large trees.’”— W. Pappock, Horticulturist and Botanist, 

Colorado Station, Fort Collins, Colo. 

“T may say we noted some injury from bordeaux spray but not enough to 

attract much attention. We did, however, reduce the copper sulphate from 

four to three pounds. We shall not use more than the latter amount the 

coming season. Have used only paris green as insecticide with the bor- 

deaux.”— A. G. Guttey, Horticulturist, Storrs Station, Storrs, Conn. 

“This past season I had an experimental spraying for apple scab and 

codling moth, to test to my satisfaction which is the best insecticide to put 

in the bordeaux. I used with this Taft’s and Kedzie’s formulas, paris green, 

home-made arsenate of lead, and Swift’s arsenate of lead. All injury to 

apples was about the same with all sprays, showing it was not the insecticide. 

I am convinced it was the bordeaux (and it makes no difference how well 

it is made) applied the second time to trees just as they were dropping their 

petals. I am convinced, but need a second year to be absolutely sure of it, 

that it was due to unpleasant weather when we put on this spray. It was 

fearfully windy, accompanied by light rains, and very cold for that time of 

year. Several men in our neighborhood suffered equally, all apples being 

distorted, but Jonathans the worst. Another fruit-raiser, Mr. Veatch, did 

not spray at this time, but about ten days later, and he had almost no imjury, 

using same spray as did I, bordeaux and Swift’s. Some think it is poor 

lime, but I do not, for our local lime, with hot water, slakes beautifully, 

and Mr. Veatch had no injury from the same lime. Mr. Veatch thinks it 

due to frost, but this cannot be, as my check trees, next to those sprayed, 

showed no injury. I am going at this again next year; using only insecticide: 

at this time with most trees, spray some at just this time with bordeaux 

and insecticide to serve as checks. I have a bulletin now in press on spray- 
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ing for scab and moth, and speak of injury. We used 4-4 bordeaux, or 

eight pounds of each, lime and bluestone, to 1oo-gallon tank.”— L. F. HEn- 

DERSON, Entomologist and Plant Pathologist, Idaho Station, Moscow, Idaho. 

“Tn reply to your inquiry of November 16th concerning spray injury in 

Iowa following the use of the bordeaux mixture will say that I have observed 

some of this injury to apples in this state but have never known it to be so 

serious. We have received no complaints from Iowa fruit growers as to 

injury of this kind. Possibly this may be due in part to the fact that the 

practice of spraying is not as general here as it is among New York 

orchardists, but I have the impression that both foliage and fruit of orchard 

trees are less liable to spray injury in Iowa than they are in New York.”— 

S. A. BeAcu, Horticulturist, Iowa Station, Ames, Iowa. 

“During the past season there was much of the so-called ‘spray injury’ 

in our orchards at Manchester. This was particularly noticeable upon the 

Baldwins. As to the formula which works this injury, I may say that both 

the 5-5-50 formula and a 3-5-50 formula resulted in a decided russeting of 

the fruit. Since in making this mixture, we used prepared or hydrated lime, 

it has occurred to me that possibly the amount of lime used was insufficient; 

although it seems to me that with 5 pounds of lime to 3 pounds of copper 

sulphate such a condition would hardly exist. The usual formula employed 

in this State is the one which the Station has recommended for several 

years; this is the 5-5-50 for the bordeaux, adding about 1 pound to 2 pounds 

arsenate of lead to the 50 gallons of water.”—W. W. Munson, Pomologist, 

Maine Station, Orono, Maine. 

“The ‘spray injury’ of the apple has been quite common during the past 

year. Certain varieties of apples, notably the Jonathan, Ben Davis, Baldwin 

and Grimes, have been injured quite seriously. I have seen the injury in the 

orchards of some of our best orchardists. The fruit in our College orchard 

was more or less affected. There can be no doubt but that the spray was 

properly made and applied in the right manner, nevertheless, the injury 

occurred. The formula used in these cases is, 4 pounds bluestone, 6 pounds 

lime, % pound paris green. I do not think the injury is caused entirely by 

the spray. I have seen it where no spraying was done. But spraying may 

aggravate it.’— S. W. Frietcuer, Associate Horticulturist, Michigan Station, 

Agricultural College, Mich. 

“T think it safe to say that injury has occurred in every orchard in 

South Missouri (I am unacquainted with conditions in North Missouri) in 

which bordeaux mixture has been used, regardless of whether it be the 

successful or unsticcessful orchardist. As a rule the injury has not been 

serious since 1901. I am of the opinion that the strength of the mixture 

has little to do with injury to apples. It appears to be more a question of 

climatic or rather weather conditions, rainy weather following the applica- 

tions being almost certain to produce some injury, especially to foliage. In 

some seasons, however, which are comparatively dry, the injury is apparently 

as bad as in wet seasons. The 4-4-50 or the 5-5-50 formulas are the ones 

mostly in use. It is difficult to say which has preference. We are inclined 

now to recommend the 5-5-50. From an experimental standpoint I can give 

you nothing, as what occurs one year is contradicted the next. Our experi- 

ments have been with different strengths of mixtures and.thus far we have | 

noticed but little if any difference.’— F. W. Faurot, Assistant in Plant Dis- 

eases, Missouri State Fruit Experiment Station, Mountain Grove, Mo. 
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“There was some injury in most of the orchards visited by me in Nebraska 

this year. The injury was by no means as serious, however, this year as the 

year before. During the past year the Nebraska Experiment Station, in 

co-operation with United States Department of Agriculture, made demon- 

strations in six orchards in southeastern Nebraska. In some of these the 

fruit was russeted very slightly, and in several of them the leaves were 

burned. In case of the Missouri Pippin apple in one or two of the orchards 

the leaves were injured so much that many of them fell by mid-summer. 

In no case was the injury permanent, and in most cases the foliage of the 

sprayed trees was decidedly better in the late summer and fall than was the 

case with the unsprayed trees. 

“TI began an experiment on a very small scale to test the effect of dif- 

ferent strengths of bordeaux on the russeting of the fruit, using the Jona- 

than apple for the test. The trees sprayed with 4-4-50 bordeaux showed 

great injury, many of the fruits being deformed and most of them being 

russeted. The 4-6-50 bordeaux gave some injury, as did also 3-4-50 bor- 

deaux, but the injury was by ‘no means as serious as in the case of the 4-4-50 

mixture. A tree sprayed with 3-6-50 bordeaux showed some injury, though 

the crop as a whole was almost free from the russet. The peculiar thing 

about this is, that even with this 3-6-50 mixture a few apples were injured 

almost as seriously as any of the fruits sprayed with 4-4-50. This, together 

with some observations made in orchards, leads me to believe that the quan- 

tity of spraying material applied at any one time may have something to do 

with the injury. While I am not certain of this, yet my observations would 

indicate that where a tree or any part of a tree receives an overdose of 

bordeaux the apples are apt to be injured.”— R. A. Emerson, Horticulturist, 

Nebraska Station, Lincoln, Neb. 

“There was very little spraying in the orchards of New Hampshire. In 

our own work this season we sprayed at four widely scattered points in 

southern New Hampshire and russeted over 95 per ct. of the fruit in every 

instance where we used the home-made bordeaux mixture, 5-5-50 formula. 

This was made of fresh stone lime and was carefully tested with the 

ferrocyanide test and also with a knife blade. As I have previously written 

you, where we used proprietary bordeaux mixtures in the same orchards we 

russeted the fruit hardly at all. In most of these cases we used arsenate 

of lead, but in some paris green and green arsenoid. We are confident that 

the arsenites have nothing to do with the russeting. I feel quite certain that 

the trouble is largely due to the cold, wet weather in the spring at the time 

of spraying. I am inclined to the opinion that in a normal season the same 

bordeaux mixture would not russet the fruit. I am not able to give any 

opinion as to how to prevent this injury except to use weaker bordeaux or 

to use a bordeaux prepared in a different way so that the copper hydrate 

will be a more stable compound. It appears to me that the proprietary bor- 

deaux may not russet the fruit on this account.’”— E. D. SANpERsoN, Ento- 
mologist, New Hampshire Station, Durham, N. H. 

“Tn regard to the bordeaux injury we have some seasons a good deal of it. 

It is to be found in all sprayed orchards, those of the best of our growers 

as well as the poorer ones. It is shown in the case of the leaves by a brown- 
ing of parts of the tissues and still more by the fall of the leaves, either 
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partly brown or yellow. Of course we have similar falling of leaves in 

unsprayed orchards, but there is no doubt that in certain seasons this is 

aggravated by spraying. On the fruit the effect is shown in a russeting of 

the skin. This is particularly noticeable on tender-skinned sorts like the 

Gravenstein, but to a greater or less extent on all others. The surface will 

not be uniformly russeted, but it will run in irregular lines and streaks over 

the surface. ; 

“The formula almost universally used here is 4 pounds of copper sulphate, 

4 pounds of lime, 40 gallons of water and 4 to 6 ounces of paris green. 

“ Russeting of the fruit and damage to the leaves seem more likely to occur 

where we have a long spell of damp weather without heavy rains, that is, 

showers, fog, drizzle.’—F. C. Sears, Horticulturist, Agricultural College, 

Truro, Nova Scotia. . 

“Tn reply to your letter regarding spray injury to the apple, I will say 

that we commonly find more or less of a russet appearance on our apples, 

due to the spray materials used. This seldom does sufficient harm to injure 

the apples for market, although in some cases it makes them somewhat un- 

sightly, and very rarely the side which is considerably injured by this russet- 

ing fails to develop as fast as the other side of the apple. I think that 

none of our orchardists is able to avoid this injury altogether, although 

there is but little complaint concerning it. 

“We have experienced another trouble in the yellowing and premature 

falling of the leaves. This has been worse in wet than in dry seasons, but 

it has seldom done any appreciable harm. In a few cases it has undoubt- 

edly prevented the development of the apples. The formula which we use 

for bordeaux mixture is 4 pounds of copper sulphate, 4 pounds of lime. In 

this we commonly use arsenite of soda. Sometimes we use the arsenate of 

lead, and often growers use a combination. There are a few who use 

arsenate of lead alone after the second or third spraying.”— W. J. GREEN, 

Horticulturist, Ohio Station, Wooster, Ohio. 

“Tn regard to the spray injury of apples I have to say that quite a little 

complaint has reached me this season. The 6-4 formula of bordeaux and 

paris green have been the materials used when the russeting of the apples 

was Observed and the only explanation given is the cloudy or damp weather 

following the application.”—G. C. Burz, Horticulturist, Pennsylvania Sta- 

tion, State College, Pa. 

“In general, scorching from bordeaux is very general in the humid coast 

country. Very frequently it causes as much harm as the scab would have 

done on unsprayed trees. I have been consulting with Professor Henderson 

of Idaho, and he states that in the wooded regions of his State scab is 

prevalent and he has continuously met with this russeting where bordeaux 

has been used alone or in connection with insecticides. He agrees with me 

that -arsenate of lead with bordeaux has given no greater a percentage of 

russeting than bordeaux used with paris green or alone. In our spraying 

in an experiment at Spokane a block of trees was treated with bordeaux of 

half strength, at the second spraying. This block of trees gave very little 

increase in scab, but a marked decrease in the amount of russet.”— A. L. 

MELANDER, Entomologist, Washington Station, Pullman, Wash. 
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The following letters show that bordeaux injury is found in 

' Europe as well as in America. 

“In the experiments made in the Station De Pathologie Végétale we have 

often scorched the leaves of apples and pears spraying with bordeaux mix- 

ture. This burning is produced if the mixture is either acid or alkaline, 

even if the proportion of copper sulphate is small. In preventing this burn- 

ing we avoid spraying in a wet time and use a mixture containing no more 

than 1 per ct. of copper sulphate, neutralized exactly by the milk of lime 

diluted considerably. The neutralization of the mixture appears to us to be 

the condition indispensable to avoid burning the foliage of apples and pears 

with bordeaux mixture.”— Dr. Grorces DELacrorx, Station De Pathologie 

Végétale, Paris, France. 

“ When bordeaux mixture is used on fruit trees in Germany the fruits are 

sometimes injured and less frequently the foliage as well. The most im- 

portant literature I have seen on this subject is found in the 1903 report of 

the * Direktor der Kaiserlichen Biologischen Anstalt fiir Land-und Forst- 

wirtschaft.’ It is stated in this publication that one can sometimes diminish 

the injury by doubling the quantity of lime ordinarily used. However, bor- 

deaux injury is not entirely avoided by this excess of lime. The cuticle of 

fruit and leaf is much stronger or weaker according to the weather and for 

this, and for still other reasons, the resisting ability of the organs varies 

greatly from year to year, causing a similar variation in the amount and 

degree of bordeaux injury.”— R. ApErHoLD, Dahlem b. Berlin, Germany. 

“T have noticed at this institution, at the orchards of the Royal Pomo- 

logical Institute, and on the trees at the Hungarian State Orchard, the same 

kind of injury from the use of bordeaux mixture that you describe as having 

in America. pia \} 

“The injury occurs for the most part in damp, warm weather without sun- 

shine, when the tissues of the leaves, and especially the cuticle, are very 

tender and the scorching properties of the copper-lime mixture can act best. 

“A small portion of the apple orchard here at the Royal Institute was 

not treated at the usual time, but at my suggestion it was sprayed with 

bordeaux mixture eight days after the leaves were fully exposed to the sun- 

shine. There was no injury on the trees so sprayed. 

“T have observed similar injuries, with properly prepared bordeaux mix- 

ture, on bush beans, grapes, potatoes and peaches when the foliage had not © 

been properly hardened. 

“T recommend, in practice, the spraying of a few test plants if it is feared 

that the leaves are tender; if after two days no injury can be seen the whole 

plantation can be sprayed. 

“Tt is believed here that the tender-skinned fruits, like the White Winter 

Calville, must usually suffer from applications of bordeaux mixture. 

“T have no knowledge of injury to the foliage of the pear from bordeaux 

mixture.’— Dr. Ewert, Proskau bei Oppeln, Germany. 

‘ 

OCCURRENCE ON OTHER FRUITS. 

Different species of plants are injured in different degrees by 

bordeaux mixture. The peach and the Japanese plum are so easily 
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injured that it is seldom profitable to spray them with this com- 

pound; a strength of the spray which will control fungi will 

usually injure the foliage of the trees. Bain’s!’ splendid work 

in laboratory and field shows not only that there are injurious 

effects from the use of copper compounds on the foliage of the 

peach, but the manner in which such injury is produced. In 

spraying practice it is found that the apricot and the Japanese 

plum behave much as does the peach when sprayed with bordeaux 

mixture and that the Domestica plum, while not so easily injured, 

yet not infrequently shows harmful effects on both fruit and foliage. 

Duggar™ was one of the first to call attention to the injury of 

the apricot and plums. The quince and pear suffer in about the 

same degree as the apple. According to Sturgis’? bordeaux mix- 

ture injured peaches, Japanese plums and apricots, while apples, 

pears, quinces and European plums were uninjured at the Connecti- 

cut Agricultural Experiment Station in 1899. Beach’** has given 

a fairly full account of bordeaux injury on the pear, including a 

description of the trouble and a list of pears injured by spraying. 

Since Beach’s writing at this Station the list of pears given by 

him as showing susceptibility to injury has been revised and is 

here given: : 

Injured badly—Angouleme, Anjou, Ansault, Clairgeau, Con- 

gress, Doctor Reeder, Easter Beurre, Flemish Beauty, Frederic 

Clapp, Jones, Lawrence, Tyson and White Doyenne. 

‘ Injured but little— Bartlett, Bosc, Boussock, Garber, Kieffer, 

Le Conte, Seckel, Sheldon and Winter Nelis. 

A number of writers have noted with greater or less detail 

bordeaux injury of the grape, and Dr. Franz Muth’ of Oppen- 

heim, Germany, has described such injury in full. In reading 

his treatise on the subject one is struck with the similarity of the 

injury to that of the peach as recorded by Bain,!* and of the apple 

as set forth here. The conditions favoring the production of the 

injury of the three widely separated fruits are much the same. 

The writer has not concerned himself with the reason for the 

varying susceptibility of different plants, that phase of the subject 

™ Bain (4). 

* Duggar (18). 

* Sturgis (59). 
* Beach (9, pp. 24-29). 

* Muth (46). 

7° Bain (4). 
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belonging to the plant physiologist rather than to the horticulturist. 

Clark’ has studied this phase of the subject and has drawn the 
following conclusion: 

“The amount of injury done to a given species will depend on 

the following considerations, provided always that carefully pre- 

pared bordeaux mixture has been used: 

“1. The specific susceptibility of. the protoplasm of the plant to. 
poisoning by copper. 

“2. The solvent propertics of the cell sap on copper hydroxid. 

“3. The permeability of the epidermis or cuticle to these cell 

contents when the conditions are favorable for their exosmosis, 

and for the entrance of the copper after its solution is affected. 

“4. Weather conditions following spraying, particularly condi- 

tions as regards moisture (dew, etc.), providing the conditions for 

the exosmosis of some of the contents of the cells of the leaf.” 

ANOMALIES OF OCCURRENCE. 

In the study of bordeaux injury in field and laboratory, many 

anomalies are found, and in no phase greater than in its local 

occurrence. The expression is often heard from men who have 

lost heavily from the injury, “I have sprayed just as in past 

seasons when I have had no injury.” The damage is severe in 

some seasons, and in others scarcely occurs at all; it is to be found 

in some localities in a certain season and not in others; in some 

orchards and not in others though the treatments have been much 

the same; some report dry seasons most favorable for the injury, 

others, wet; even in an orchard seemingly uniformly sprayed in 

all respects, parts of the trees may be injured and not all; there 

is a great difference in individual trees, some seeming to be far 

more susceptible to injury than others; in some seasons the injury 

is most severe on the fruit and in others on the foliage. A variety 

with immune fruit may have foliage very susceptible to injury. 

Sometimes the injury is not to be found until several weeks after 

spraying, while in other cases it may be detected within a few 

days. Strangest of all, not infrequently very weak bordeaux mixture 

causes greater injury than a much stronger one used under similar 

conditions, though usually the stronger the mixture, the greater 

the injury. Some cases of injury result from the first spraying 

after blossoms drop and others from a second or third spraying. 

pr Aclatke (13). 
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These seeming anomalies are often very suggestive and when 

grouped and correlated have given important clews for further 

work. Most of them can be explained, though not all. They are 
brought about, for most part, as we shall see later, by weather 

conditions; though the manner of spraying, the kind of nozzle 

used, and the quantity of the mixture applied, have important bear- 

ings upon the occurrence of the injury. Since fertility of soil, 

cultivation, age of trees, and all conditions which favor the rapid 

development of foliage make leaves larger and more succulent, 

these conditions probably make the foliage more tender and sus- 

ceptible to the injury. At any rate the most thrifty, best kept 

orchards in which foliage is abundant and healthy, seem most sus- 

ceptible to bordeaux injury. 

DESCRIPTION, OF BORDEAUX. TNs ae 

-In describing the injury the writer has confined himself, for 

most part, to gross characters,— has described the injury as it 

appears to the fruit-grower. Examinations of portions of diseased 

leaves and fruits were made under the microscope at different 

times; but the descriptions of the microscopic characters which are 

given are not as full as we should like to have them. 

THE INJURED FRUIT. 

6 Some of the common names of the injury, as “spray russeting ” 

and “cork russeting,’ indicate in a very general way the nature 

of the injury of the fruit. Injured specimens always become more 

or less rough and russeted and the layers of damaged cells thick 

and corky. The roughness and russeting vary much in degree 

with individual fruits. These characters give the fruit the appear- 

ance of having been attacked by a fungus and the injury is often 

taken to be the work of some parasite. The appearance of brightly 

colored fruit is much marred, not only because of the russet 

blotches, but the colored portions of the apple are less brilliant. 

This russeting usually comes as an after effect. ” 

The injury first appears as small, round, black or brown spots 

or specks resembling fly-specks, usually less than a millimeter in 

diameter. Unlike apple-scab the spots are regular in shape, smaller 

and not sunken. The spots are clustered about the basal or the 

apical half of the fruits depending upon whether the injury comes 

from a spraying before or after the calyx end of the apples turns 

downward, as the spraying material adheres in greatest quantity 
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to the upper half of the fruit and does most damage there. A 
microscopic examination shows that these black points usually start 

at the basal cells of the hairs which cover the young fruits — or 

at the stomata which are interspersed between the hairs. It is 
possible that the comparatively large cells from which the hairs 

seem to arise permit, through some peculiarity of structure, the 

entrance of the toxic substance of the bordeaux mixture to a 

greater extent than do other cells. The stomata give an almost 

unobstructed entrance to such dissolved substances. 

Badly injured specimens are always more or less distorted in 

shape. Usually the distortions are of the nature of a shrinkage 

of the injured portion of the fruit; but not infrequently they are 

unsightly, teat-like malformations as shown in Plate XVII; in 

half-grown fruits, gaping cracks, reaching into the flesh, often 

appear (Plate XVI), which, as the fruits come to full size, grow 

over leaving a rough sunken scar. There is no evidence of fungi 

in these cracks. ‘The russeting mentioned in the previous para- 

graph seldom injures the appearance of fruits except for fancy 

trade, but when accompanied with the distortions, malformations 

or cracking, the fruit is ruined for commercial purposes. 

KEEPING QUALITIES OF INJURED FRUIT. 

In the winter of 1905, F. C. Stewart, Botanist of this Station, 

called attention to the fact that spray-injured apples in his cellar 

were not keeping well. Upon investigation it was found that in- 

jured stored fruit, whether in cellar or in cold storage, did not 

keep as well as uninjured fruits in the same packages. A marked 

difference can be noted in an individual fruit, one side of which 

is injured. The part of an apple showing russeting from bordeaux 

mixture gives up its moisture more rapidly than the uninjure] 

portion and becomes soft and flabby. In a comparatively dry room, 

as a store-room or a living-room, the moisture is given off very 

quickly and the flesh in extreme cases turns brown as if bruised 

or exposed to the air. Or, affected parts often become mealy. 

Decay sets in quickly. With late-keeping apples, as Baldwin and 

Rhode Island Greening, this effect upon the keeping qualities of 

the fruit is an important phase of bordeaux injury, as no matter 

how slight the injury, the keeping quality is affected to some degree. 

The season of injured apples kept in cold storage is not greatly 

shortened and the other effects noted are not pronounced. An 

investigation of the keeping qualities of injured fruit in cold 
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storage by correspondence with a number of the leading apple 
storage men of the State brought out the fact that they had but 
little to fear from storing russeted fruit. But a similar investi- 

gation among retailers showed that such fruit was not wanted 

because it kept poorly when exposed to the air or in a dry 

atmosphere. 

The following brief description of the microscopic characters 

of the russeted epidermis of an apple enables one to see why 

shriveling and decay set in more quickly with injured than with 

sound apples. 

MICROSCOPIC CHARACTERS OF RORDEAUX INJURY ON FRUIT. 

A study of the structure of the skin of the apple shows that 

this heavy outer covering is composed of comparatively large cells 

whose outer walls are thick, strong and cutinized.% Over these 
outer cutinized membranes is the cuticle proper. Outside of this 

cuticle we have still further, with many varieties, a coating of a 

bluish white, waxy substance, the bloom. On still other varieties, 

or with all of the russet apples, there is here and there, or covering 

the whole surface of the fruit, a yellow-brown or gray-brown 

1ough, corky condition of the cuter part of the epidermis. The 

number of layers of cells in the epidermis of an apple seems to 

vary from two to five or more. The cells of the fruit flesh, directly 

underneath the epidermis, are small, flattened by tangential stretch- 

ing, and have comparatively thick walls. ‘Toward the center of 

the fruit the cells increase in size and their walls become thinner 

and soon they become large, true, flesh cells with nearly equal. 

diameters. 

A comparison of the epidermis of a bordeaux-injured apple with 

that of a healthy one shows that the waxy covering, the cuticle 

proper, and many of the cells of the epidermal layers have been 

destroyed. (Plate XX.) Such epidermal cells as remain, and 

those of the fruit flesh which are injured, have much thickened 

walls, of a brown, corky appearance. The more severe the injury, 

the thicker this corky condition. In some cases it is very superficial, 

involving, as nearly as can. be ascertained, but one or two cell 

layers; in other cases, four, six, eight and sometimes ten layers of 

cells are destroyed. No attempt was made to ascertain whether 

the cell injuries are of a physiological or of a mechanical nature, 

this field of investigation belonging more properly to others; bit 

* Tschokke (61). 
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it is reasonable to assume that some of the changes in the cellular 

structure are due to healing processes since it is known that irrita- 

tions of many kinds, as rubbing against a branch, heal similarly in 

many tree fruits. It seems certain, as will be shown later on, that 

the toxic substance in the bordeaux mixture combines with the 

cell contents and is stored up in the dead cells, and that the poison- 

ing or corrosion, as the case may be, does not spread from cell to 

cell; only the cells in which the toxic compound enters are affected. 

The amount of injury varies greatly with: (1) The structure 

of the skin (there is great variation in the skins of apples of 

different varieties). (2) The condition of the skin as to the age of 

fruit and the succulency or tenderness from weather conditions. 

(3) It is not improbable that the chemical constituents of the cell 

juices may hinder the toxic action of the bordeaux mixture in some 

varieties, thus in part accounting for comparative immunity. 

This brief study of the skin of the apple under normal and the 

diseased conditions indicates why we should expect injured fruits 

to keep poorly. The skin is the protective organ. When wholly 

or partially destroyed, as in bordeaux injury, the doors are open 

for the escape of moisture through evaporation and for the en- 

trance of the germs of decay. 

RORDEAUX INJURY OF THE FOLIAGE. 

On the foliage bordeaux injury very greatly resembles the leaf 

spot supposed to be caused by any one of several fungi. The 

affected leaves first show dead, brown spots; the majority of these 

spots are circular or roundish with a diameter of two.or three 

millimeters, but they may be of various shapes and sizes; many 

are of irregular outline and so large as to appear to have been 

caused by the coalescing of smaller spots. The line of demarca- 

tion between the dead tissue of the spots and the living green of 

the leaf is well marked so that the spots are very conspicuous. 

Quickly following the appearance of the brown spots the remain- 

ing tissues begin to turn yellow and this usually continues until 

the living tissue is of a yellowish color when the leaves fall, the 

petioles breaking from the stem as in natural falling. When the 

injury is slight the yellowing may not appear, in which case the 

leaves do not drop. In general, the injury on the leaves of all 

varieties, so far as I have been able to observe, is of the same 

character. 
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Sprayed and unsprayed trees in orchards suffering from bor- 

deaux injury present a marked contrast. One can note the differ- 

ence as far as green can be distinguished from yellow. A visit 

to such an orchard convinces one that spraying with bordeaux 

causes the injury and shows the amount of damage that can be 

done by spraying. The trees not infrequently are so damaged as 

to appear to have been scorched. Slight degrees of injury can be 

best seen by standing under a sprayed tree and looking through the 

foliage toward the light. 
The falling of the foliage varies much in an orchard in ac- 

cordance with the variety and even with individuals of a variety. 

It may take place within two weeks from the time of spraying 

or it may continue for as many months. The number of leaves 

that fall varies, of course, with the degree of injury; it ranges 

from a slight sprinkling on the ground to defoliation. A fair 

average in the bordeaux-injured apple trees of western New York: 

for the season of I905 is from one-third to one-half. Craig’ 

reports that in an experiment carried on by him in this State in 

1906, he found 2,500 leaves upon a square yard beneath an apple 

tree sprayed with bordeaux mixture made with four pounds of 

copper sulphate, forty gallons of water, and lime to satisfy the 

ferrocyanide test. 

BORDEAUX INJURY OF BLOSSOMS. 

It is not necessary to spray the apple while in bloom and such 

spraying is seldom practiced in New York. A discussion of 

bordeaux injury of blossoms has, therefore, but little practical 

significance; but since blossoms are modified foliar organs, it 

may throw some light on the injury of leaves to know how the 

bordeaux mixture affects the blossoms. Beach and Bailey® con- 

ducted extensive experiments in 1900 on spraying in bloom and 

their conclusions in regard to the injury of blossoms are as 

follows: 

“In some cases the spray mixture had a corrosive effect and 

killed the tissues of the stamens and pistils. In other cases 

pistils with particles of the spray mixture on the stigmatic sur- 

faces awaited fertilization for several days, apparently unharmed 

and perfectly healthy, but eventually withered and died. A num- 

ber of blossoms were observed which showed particles of spray 

Graig (1s; Dp. 9). 

*° Beach and Bailey (10, p. 443). 
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mixture on the stigmatic surfaces but none of these set fruit. 

It appears, therefore, that in these cases the spray mixture in- 

hibited the process of fertilization and thus eventually caused 
the death of the entire blossom. 

“Blossoms which had been open several days before they 

were sprayed seem to have reached a stage where the treatment 

did not check the progress of fertilization, and the fruit set as 

abundantly as it did from corresponding blossoms which were 

not sprayed.” 

From theoretical considerations one would expect that the 

blossoms of fruits would suffer greater injury than foliage; 
for the floral organs lack the protective cuticle of leaves, and the 

cellular tissue is more delicate in structure than the tissues of 

leaves. It is probable, too, that the secretions from the nectaries 

and the stigmas would have a solvent action on the copper salts. 

The structure of the flower is such that moisture is retained 

longer than by leaves and its action on the copper compound 

would be to bring more or less of the latter into solution. 

INJURIES SIMILAR TO BORDEAUX INJURY. 

It is hard to convince fruit growers, and some experimenters 

as well, of the fact of bordeaux injury. Their argument is that 

such injuries occur in unsprayed orchards. It is true that there 

are similar injuries caused by other agents, some of which are 

often confused with the trouble under discussion. It is necessary 

to distinguish between these various injuries. . 

INJURY FROM THE ARSENITES. 

When used in too great quantity, improperly prepared, or 

under very favorable conditions, the arsenites may injure foliage 

as does bordeaux mixture. In fact, bordeaux injury is often as- 

cribed to an arsenite, the two compounds being usually combined 

in spraying the apple in New York. There are but few apple 

growers in this State who have suffered from bordeaux injury 

that have not satisfied themselves by the simple experiment of 

spraying without the one or the other as to which of the com- 

pounds injures fruit and leaves. In our experiments we have 

hardly considered the possibility of injury from the arsenite, and 

the check trees sprayed with arsenate of lead without injury shows 

that there was no necessity for such consideration. 
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Injury from an arsenite may or may not differ from that caused 

by bordeaux mixture. In my own experience injury from the 
former, usually arsenite of lime, has followed almost immediately, 

within ‘a day or two, and consisted of a blackening of the parts 

damaged, the injured portions consisting of large blotches or a 

whole leaf and if only a part of ‘the leaf was affected the remain- 

ing portion withered. My attention has only been called to extreme 

cases and these Woodworth ‘and Colby” designate as the acute 

poisoning of arsenic and describe a chronic poisoning which more 

nearly resembles bordeaux injury. The following is their descrip- 

tion of the two forms: 

“ While paris green is entirely insoluble in pure water, it appears 

that as ordinarily used a certain amount of it does find its way 

into solution and thus enters the plant; and if very much goes in, 

the death of the part of the plant thus poisoned ensues. The most 

critical period seems to be the time during which the spray re- 

mains wet upon the leaf, and each subsequent wetting of the leaf 

from any cause, such as fog or dew, continues the danger. It 

has been demonstrated repeatedly that dry paris green can be 

placed upon a leaf in any quantity, and so long as the leaf remains 

dry no evil results will follow. After an application in the wet 

way, almost immediately, within twenty-four hours, a blackening 

of the leaf, or of parts of the leaf may occur, or the leaf may. 
entirely escape at that time, !but later, after a dew or fog, show 

the signs of the action of the poison; or again, there may be no 

blatkening of the leaf observed at any time, but the leaf may 

become prematurely yellow and drop off within two or three weeks 

from the time the application was made; showing that the poison 

which entered the plant, though not enough to kill it at once, 

deranged its functions to stich an extent as to cause this prema- 

ture dropping. These two forms of poisoning we have designated 

as the acute and the chronic poisoning of arsenic.” 

After having investigated every supposed case of injury from 

an arsenite of which I could hear in 1906, and after much corre- 

spondence with those who have had injury in previous years which 
they ascribed to an arsenite, I am quite convinced that there is but 

little injury from this source to apple foliage in New York. Practi- 

cally all of the growers in this State use lime to prevent arsenical 

injury, and with success. 

* Woodworth and Colby (64, p. 11). 
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FROST INJURY. 

Frost causes a very similar russeting of th: fruit; and injury 

from the two causes is often confused. Usually it is not diffi- 

cult to distinguish between them, however. Frost russeting on 

fruit nearly always appears in bands or zones of -greater or 

less width running around the fruit midway between base and 

apex. Whenever russeted fruits in any considerable number show 

this banded appearance it is safe to attribute the injury to frost. 

In most cases, too, the corky, russeted layer is not so thick and 

is smoother, there being far less of the tissue injured. Frost injury 

is not commonly found on many fruits in an orchard and is usually 

confined to certain trees in a low, frosty situation, or the limbs of 

a tree most exposed to frost action. Frost injury on the fruit is 

almost always associated with some injury from the same source 

on the foliage and this is radically different from bordeaux injury 

of the foliage. 

Stewart and Eustace™ of this Station, describe frost injury on 
the foliage as follows: 

“On the upper surface the leaves were variously wrinkled and 

puckered, but the under surface was fairly even and normal in 

appearance except for certain areas on which the color was gray- 

green. On some trees the leaves were badly distorted with the 

margins drawn downward and together as if they were unable 

to unfold properly. Usually the wrinkles were most abundant 

along the mid-rib of the leaf and the elevated portions were of a 

somewhat lighter green than the other parts of the leaf. By 

cutting across the leaf with scissors it was found that where the 

wrinkles occur the lower epidermis is separated from the green, 

pulpy tissue (mesophyll), thus forming a large interior cavity or 

blister. The distance between the green tissue and the loosened 

epidermis was frequently aS much as four millimeters (one-sixtn 

of an inch), and the blisters thus formed were of all sizes up to 
those having an area of 100 square millimeters or even more. 

In many cases the separated epidermis became ruptured as if slit 

with a knife, leaving the cells of the mesophyll exposed. Some- 

times the tender cells thus exposed died, causing the formation 
of an irregular, dead, brown spot, visible on both surfaces of the 

leaf. However, in the majority of cases the exposed cells re- 

mained green throughout the season.” 

Stewart and Eustace (58, p. 218). 
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A passing glance will enable one to distinguish between the 

two kinds of injury on fruit or foliage and they need never be 

confused if an examination be made of even their gross characters. 

INJURIES FROM FUNGI. 

Not infrequently the scab fungus of the apple and pear (Ven- 

turia inequalis (Cke.) Aderh.) causes russeting and malformation 

similar to that described as coming from bordeaux injury. Such 

russeting occurs very often on pears and even on the apple, when 

the scab spots are seemingly being thrown off by the healthy 

growth of the apple; one sometimes needs to make a critical 

examination to determine whether a russeted blotch is due to 

injury or to a fungus. F. C. Stewart, Botanist of this Station, 

tells me that there is an undetermined fungus which causes the 

russeting of the Kieffer pear in this locality and that its work, 

under some conditions, might easily be mistaken for bordeaux 
injury. 

Reference has already been made to the resemblance between 

bordeaux injury on leaves and the supposed work of certain 

fungi, as by species of Phyllosticta. Stewart and Eustace? found 

in the summer of 1902, that the spots caused by bordeaux injury 

were free from the pycnidia of Phyllosticta in early summer, 

July 10, but that later, August 28, the majority of the spots were 
inhabited by a species of Phyllosticta. These writers raise the 

question as to whether much of the so-called leaf-spot of the 

apple attributed to species of the above fungus may not be 

primarily due to bordeaux injury, the fungus being a saprophyte 

rather than a parasite. They say: 

“So far as known to the writers, the parasitism of the apple 

Phyllosticta has not been previously questioned. In the past the 

presence of the Phyllosticta pycnidia on circular, dead brown 

spots on apple leaves has been considered conclusive evidence 

that the spots were caused by the Phyllosticta, and the disease 

has been promptly diagnosed as leaf-spot. In the future the 

problem of determining the cause of such spots on apple leaves 
will be a more difficult one. It is our opinion that at least a 

large part of the so-called apple leaf-spot is due to spray injury 

and weather conditions and is not of fungus origin.” 

** Stewart and Eustace (58, p. 232). 
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BLISTER MITE INJURY. 

In Bulletin No. 283 of this Station, P. J. Parrott, Station En- 

tomologist, speaks of the confusion of mite injury with bordeaux 

injury and clearly indicates the distinction between the two: 
“Injuries by the mite and by spraying mixtures, often appear 

upon the same leaf and have been much confused. ‘The two are 

quite distinct and may be easily distinguished. Injuries due to 

treatment by the bordeaux-arsenical mixtures appear as dead 

brown spots of various sizes and shapes, and are irregularly dis- 

tributed over the leaf surface. Frequently these spots are round- 

ish or circular with a diameter of one-twelfth to one-eighth of an 

inch, while others are irregular in outline and much larger. A\l- 

though the line of demarcation between the dead and living 

tissue is sharp, these spots are to the touch flat, often depressed, 

-and are not in this manner distinguishable from the general sur- 

face of the leaf as are the mite-blisters. Spray-injured spots show 

the venation of the leaf which is seldom apparent in the mite 

galls, and the dead areas also lack the small hole leading to the 
interior, which is always present in the corky spots produced by 

mites.” 

INJURY FROM THE LENS ACTION OF DROPS OF WATER AND BRIGH?P 

SUNSHINE. 

Beyond question the lens action of drops of water on leaves 

in bright sunshine may injure them. The drops of water act as 

lenses and concentrate the sun’s rays so as to burn the tissues 

beneath. Schander*t says that Von den Planitz places the re- 

sponsibility of the cork-like russeting of the fruit on this agency. 

He also says that injurious action may be observed at times on 

the leaves when sprayed in too strong sunlight. Duggar® gives 

an account of a case in which bright sunshine following rain 

caused the appearance of “shot-holes” in peach leaves. Such 

lens action of drops of water in sunshine is not uncommon in 

greenhouses and serious damage often results in this way. In 

an orchard, such injury might follow a burst of sunshine either 

after spraying or after a shower. 

An attempt was made to investigate lens action as a possible 

cause of fruit-russeting and leaf-dropping in connection with the 

work of this experiment, but the results were not such as to lead 

**Schander (53, p. 578). 
* Duggar (18, p. 388). 
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me to believe that much damage is done in this way. Under 

some conditions lens action might aggravate bordeaux injury, 

and under some, possibly, it might do damage worthy of note, 

but the latter I regard as doubtful. 

INJURY FROM LIME. 

Many apple growers who have used an excess of lime attribute 
the russeting of the fruit, and some say the spotting and dropping 

of leaves, to the lime. I cannot find anything to substantiate 

this belief in the work of this season, where many trees sprayed 

with bordeaux mixture containing an excess of lime came under 

my observation, the excess ranging from the same amounts of 

copper sulphate and lime to four times as much lime. A Rhode 

Island Greening tree sprayed twice with sixteen pounds of lime to 

forty gallons of water, with an interval of ten days between the 

applications, showed no injury. Neither can I find any record of 

injury to the apple through the use of slaked lime. 

I have seen injury on the young leaves and shoots of a pear 

tree dusted with unslaked lime for the pear slug, but it had no 

resemblance to the spotting and yellowing of leaves through bor- 

deaux injury. In this case the unslaked lime caused the leaves 
and shoots to wither and dry up, and the leaves which were 

badly burned by the lime dropped almost immediately. It is 

barely possible that lime improperly slaked, or of poor quality, 

may injure the tender tissues of small apples or of young leaves, 

but it is doubtful if such injury is ever sufficient for consideration. 

IMMUNITY OF VARIETIES. 

Some varieties of apples are injured much less than others by 
bordeaux mixture and there is a wide range in this variation in 

immunity. Such variations are inherent in the variety and do 

not depend on season or other conditions.of environment. Fruit 

and foliage do not always show the same degree of immunity; 

that is a variety may be susceptible to the injury on the fruit 

and comparatively immune in the foliage, or the reverse. In 

1894 Beach* published from this Station a classified list of 
apples of which the fruit is injured by spraying. In the twelve 

years that have followed, it has been possible to revise and add 

to this list, especially favorable opportunities occurring in 1905 

and 1906; the following is the revised list: 

weDECACTIY LO. p.dt 12 
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APPLES CLASSIFIED AS TO IMMUNITY TO BORDEAUX INJURY. 

1. No injury or very slight— Alexander,* Akin, Bietigheimer, Bloomfield, 

Baxter, Canada Baldwin, Doctor, Doctor Walker, Deacon Jones, Domine, 

Early Harvest, Esopus Spitzenburg, Fall Pippin, Fall Wine, Fishkill, Florence, 

Gano, Golden Russet, Judson, Keswick, Northern Spy, Oliver, Perry, Pomme 

Grise, Ralls, Red Canada, Richard Early Winter, Rome, Roxbury, Rutledge, 

Smokehouse, Stump, Swaar, Titovaka,* Tompkins King, Yellow Bellflower. 

2. Slight injury— Buckingham, Chenango, Clayton, Elgin Pippin, Falla- 

water, Fameuse, Fanny, Gideon, Grimes, Haas, Holland Winter, Hubbard- 

ston, Jewett, Karabovka,* Lady, Lady Sweet, Landsberg, Louise, McIntosh, 

McMahon, Maiden Blush, Monroe Sweet, Munson, Oldenburg,* Ontario, 

Pawaukee, Primate, Prince Albert, Pumpkin Sweet, Red Astrachan,* Reinette 

Pippin, Saint Lawrence, Shannon, Standard, Stark, Sutton, Tetofsky,* Tol- 

man Sweet, Tufts, Wallace Howard, Washington Strawberry, Western 

Beauty, Williams, Wolf River, York Imperial. CRABAppLEs.— Excelsior, 

Montreal Beauty. 

3. Badly injured—Autumn Streaked,* Barry, Belborodooskoe,* Ben Davis, 

Borsdorf,* Boskoop, Canada Reinette, Constantine,* Cooper Market, Czar 

Thorn,* Ewalt, Flory, Golden Sweet, Gravenstein, Hurlbut, Jefferis, Jersey 

Sweet, Kalkidon,* Lankford, Late Dutchess,* Longfield,* Milden, Milwaukee, 

Monmouth, Mother, Nero, Newman, Northwestern Greening, Ostrakoff,* 

Paragon, Parry White, Peck Pleasant, Peter, Rambo, Red June, Scott, Smith 

Cider, Sops of Wine, Switzer,* Wagener Improved, Walbridge, Washington 

Royal, Wealthy, White Pippin, Windsor, Winesap, Workaroe,* Yellow 

~ Newtown, Yellow Transparent.* CrasappLes.— Chicago, Coral, Hyslop, 

Martha, Paul Imperial, September, Transcendent, Whitney. 

4. Very badly injured.— Baldwin, Collamer, Jonathan, Mann, Red Trans- 

parent,* Repka,* Rhode Island Greening, Romna,* Saint Peter,* Twenty 

Ounce, Vineuse Rouge,* Winter Banana, Wagener, Yellow Calville.* 

This classification shows, as did the one prepared by Beach in 

1894, that crabapples and the Russian varieties are usually more 

susceptible to bordeaux injury than other varieties. The fact is 

better shown in the following table: 

TABLE I.— CLASSIFICATION OF APPLES AS TO IMMUNITY TO BorDEAUX INJURY. 

Class. INJURY. Crabapples. Russian apples. Other apples. 

No. Per ct. No. Per ct. No. Per ct. 
Pee eNO Ijury or very slight«|-..%0c- | ee. ee 2 873 34 28.3 
Diets. DIISHErINgUTy wt. oe Coe Ol: 2 20 4 164 41 34.2 
eee ss Bad myured....:. a> 8 80 12 50.0 aM 30.8 
wimtande Very, Dadly injured ..)..5) 0.5. 2.5 Sl 6 25.0 8 6.7 

Attention should be called to the fact that while Russian apples 

as a class are susceptible to bordeaux injury, yet some of the most 

* Russian varieties. 
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valuable of them are immune. Thus Alexander, Oldenburg, Red 

Astrachan, Tetofsky and Titovaka are classed with the sorts which 

show no injury or very slight injury. 

Immunity to bordeaux injury does not correspond with the im- 

munity to the apple scab fungus; many examples may be noted, 

some of which follow: Early Harvest, Esopus Spitzenburg, Fall 

Pippin, Northern Spy and Red Canada are all very susceptible to 

the scab fungus in the Station orchards, but none of them were 

injured by bordeaux mixture, or if so, but very slightly. So, too, 

we find in the list of sorts slightly injured by bordeaux mixture the 

following very susceptible to scab: Chenango, Fameuse, Louise, 

McIntosh and Primate. Coming to the sorts that are badly injured 

by the spray we find Ben Davis, Gravenstein, Mother, Northwestern 

Greening, Wealthy, Yellow Newtown and Yellow Transparent not 

subject to scab. Of those very badly injured by bordeaux mixture, 

_ Jonathan and Wagener are not subject to attacks of the scab fungus. 

A few sorts are subject to the injury and to the scab in like 

degree as follows: Alexander, Gano, Rome, Roxbury, Swaar and 

Tompkins King are nearly immune to the scab and the injury. So, 

too, Grimes, Hubbardston, Oldenburg, Red Astrachan, Sutton and. 

Tolman Sweet are but slightly injured by bordeaux mixture and — 

are free from scab in most seasons. Red June, Rhode Island Green- 

img and Twenty Ounce are the most conspicuous examples of sorts 

very susceptible to both bordeaux injury and the apple scab. 

The comparative immunity of varieties to both the bordeaux 

injury and to the scab should be considered in selecting varieties 

for planting. From the data it appears for the most part that 

varieties immune to the one are susceptible to the other; though 

it should be said that our data regarding immunity to scab are 

not as reliable nor extensive as those pertaining to bordeaux in- 

jury, and hence the conclusion that varieties do not show like im- 

munity to the two troubles is not as well established as we should 

like it to be. 

THE CHEMICAL : AND: PHYSICAL ;COMPOStT Tala 

BORDEAUX MIXTURE. | 

A clear understanding of the injurious action of bordeaux 
mixture on plants cannot be had without some knowledge of the 

chemical and physical composition of the compound. Fortunately 
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this ground has been well covered by Chester,?? Fairchild,?* Lode- 
man? and Swingle*® in this country, and by many workers in 

Europe, references to whose work are found in the bibliography at 

the close of this bulletin. Further efforts at study of the chemistry | 

of bordeaux mixture seemed needless. The following presentation 

* 

of the nature of bordeaux mixture is taken from the work of the 

above men. It is hardly necessary to say that this phase of the 

subject is not treated exhaustively; rather, the intention is to make 

the discussion as brief and concise as possible and yet give the main 

facts. 

Bordeaux mixture is made by stirring together a solution of 

copper sulphate and the milk of lime, the latter being obtained 

by adding water to freshly slaked lime. Copper sulphate is acid 

and as such, in any considerable quantity, injures the tissues of 

plants, and the milk of lime is added in sufficient quantities to com- 

bine with all of the copper sulphate so that the mixture gives an 

alkaline reaction. It does not require as much lime by weight to 

secure this alkaline reaction as there is copper sulphate in the mix- 

ture, but in practice at least, equal parts of lime and the copper 

sulphate are used, and a considerably greater excess of lime is very 

commonly used. To secure a proper chemical and physical com- 

bination, chemists recommend that the solution of copper sulphate 

and the milk of lime be greatly diluted before they are combined 

and that both diluted portions be cold. 

The name bordeaux mixture is not confined to any exact formula 

containing the above ingredients, but is given to any mixture of 

copper sulphate, lime and water used for spraying purposes. The 

name comes from Bordeaux, France, where the mixture first came 

in use. The year 1882 is given as the time of the discovery of 

the fungicidal properties of the bordeaux mixture. Several men 

claim the honor of having discovered the fungicidal value of the 

copper compounds, but A. Miullardet*! was the first to plan tests 

and publish results which showed their value in commercial work. 

Its introduction in the United States dates from 1886, when a 

circular was issued from the United States Department of Agri- 

culture calling attention to its merits in controlling diseases of 

grapes. 

*7 Chester (11). * Fairchild (20). 

?Lodeman (37). “Swingle (60). 

*! Millardet (40). 
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Twenty years of experimentation with copper compounds have 

given us none equal to bordeaux mixture. The value of copper 

as a fungicide was known long before the discovery of this mix- 

ture, but no compound of copper was known before, nor has been 

discovered since, which is so cheap, easily prepared, convenient to 

apply, adhesive to plants, safe to use, and withal so efficient a 

fungicide as bordeaux mixture. 

When properly made, and fresh, bordeaux mixture is light blue, 

robin-egg, or sky-blue, in color. If there be an insufficiency of lime, 

the mixture is greenish-blue; the greater the excess of lime, the 

lighter the color. When exposed to the air for some time it becomes 

a dirty blue-green. Unexposed to the action of the air, bordeaux 

mixture can be held indefinitely without apparent change in chemi- 

cal composition. As a liquid it is thick, but not viscid, though it 

lacks mobility. 

When the ingredients of bordeaux mixture are combined a heavy 

precipitate forms at once. The character of this precipitate depends 

upon the formula used; upon the diluteness of the solutions; the 

character of the lime; the temperature of the solution; and some- 

what upon other minor factors as the kind of water, exposure to 

air, and the quantity of the mixture being made. But the physical 

characters are, in a general way, the same in all mixtures pre- 

pared under normal conditions. Roughly speaking the precipitate 

is a gelatinous mass. Examined under the microscope it is found 

to be somewhat granular and crystalline as well as gelatinous. A 

most important physical character of well-made bordeaux mixture 

is that it is very adhesive. When well dried on sprayed foliage, 

wind does not affect it and only long-continued washing with rain 

removes it. This adhesive property of bordeaux mixture is one 

of its chief points of merit. Sometimes soap, sugar or molasses is 

added to increase this adhesive quality, but these are of doubtful 
value. 

The chemistry of bordeaux mixture, though seemingly simple, 

is somewhat complex. The compounds formed vary greatly, as 

we have seen, with the proportions of the ingredients used and 

with the conditions under which the mixture is made. Since there 

is so much variance in the chemical composition, and since chemists 

who have studied it do not wholly agree, it is of little value to 

go into the details of the various changes thought to take place in 

combining copper sulphate and lime solutions. Only such parts of. 

its chemistry as are well agreed upon need be mentioned here. 
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When a solution of copper sulphate and the milk of lime are 

combined the resulting mixture is a saturated solution of calcium 
sulphate and calcium hydroxide holding in suspension in solid form 

copper hydroxide and calcium sulphate. While the semi-solid mass 

of the precipitate is gelatinous in character, it contains, as before 

stated, some granules and some crystals. The particles of solid 

matter are crystals of calcium sulphate, and after standing a short 

time crystals of copper hydroxide. Interspersed in the gelatinous 

mass are generally to be seen small, dark blue, irregular, spherical 

bodies. According to Schander*® these are small grains of uncom- 

bined calcium hydroxide which have been covered by fine particles 

of copper hydroxide. Schander holds that these bodies greatly 

diminish the action of the bordeaux mixture on the spores of fungi 

and lessen the adhesive power.. The particles can be avoided in 

part, the same writer asserts, by a slow and complete slaking of 

the lime or by slaking the lime and pouring it through a fine sieve. 

One important character of bordeaux mixture is agreed upon 

by all chemists; namely, that all but a trace of the copper is in the 

form of an insoluble precipitate. The clear liquid above this 

precipitate, which always forms when the mixture stands, has no 

value as a fungicide, the precipitate containing all of the fungicidal 

properties. The precipitate must therefore be kept in uniform sus- 

pension by agitation when spraying. 

When bordeaux mixture is exposed to the air marked changes 

at once take place. The excess of lime is changed by the carbonic 

acid in the air into carbonate of lime, forming as a crust on the 

surface of the superimposed liquid. When the lime has been 

transformed into calcium carbonate, the copper hydroxide is 

changed by the action of the air into copper carbonate. 

This change is greatly hastened by rain, dew or even a moist 

atmosphere if the mixture has been applied to foliage. When this 

change takes place in a considerable quantity of the mixture, the 

dirty, blue-green color hitherto mentioned is assumed. At the same 

time the precipitate becomes much more granular in character. | 

The greater the excess of lime, the slower the above changes 

take place; the greater the exposure to the air, the quicker the 

changes occur. Clark,®? Bain,?4 Schander,®* Swingle,?* and others 

state that substances secreted by the cells of the plant sprayed or 

* Schander (53, p. 519). 

Clarke 23, p243).<°- Bain (4, p. 93)0°> Schander (53, p. 578). ** Swingle 

(60, p. 21). 
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by the germinating spores of fungi bring about changes, the most 

important of which is the bringing into solution of small amounts 

of copper. Since the mixture is brought into a fine state of division 

in spraying, the above changes take place very rapidly on foliage 

where atmospheric agencies have easy access to the small particles. 

In this condition the copper is especially easily acted upon by the 

carbonic acid in the air and more or less of it is dissolved. 

THE TOXIC ACTION OF BORDEAUX MIXTURE. 

The toxicology of bordeaux mixture in relation to both fungi 

and host has been studied by many investigators, chief of which 

are Rumm,®” Fairchild,®?®§ Zucker,®?? Swingle,*®? Aderhold,*! Miani,# 

Clark,4#* Bain,“* and Schander.” Space does not permit a dis- 

cussion of the theories set forth by these investigators and ] am 

able to present here but a brief summary of their conclusions. 

The results of investigation in this field may be roughly grouped 

into two classes. 

I. Small quantities of copper are dissolved by rain, dew, or a 

moist atmosphere and pass through the epidermis of leaf or fruit 

to the interior with harmful effects. 

Bain*® seems to have been the first worker to present evidence 

in support of the above theory from direct experimentation though 

other writers had suspected the part played by meteoric moisture. 

Bain states his conclusions drawn from carefully conducted ex- 

periments on peach foliage as follows: 

“tz. Bordeaux mixture and pure basic copper produce no injury 

to peach foliage if no liquid water accompanies them. 

“2. In a saturated atmosphere, where water is not deposited on 

the leaves, there results no injury from bordeaux mixture, and 

but little from pure copper hydroxide; this injury is also probably 
less than in a dry atmosphere under like conditions, even if water 

be present. | 

“3. When protected from direct sunlight even the presence of 

water does not call forth this injury to peach foliage; but whether 

its immunity under these conditions is due to less light, less heat, 

or absence of strong air currents, or to the combined action of all 

these circumstances does not appear from these investigations. 

_*"Rumm (48 49, 50,. 51). ™ Fairchild (20, p. 26). ™ Zuckerset Gee 
“ Swingle (60, p. 21,33). “ Aderhold (1). “ Miani (39). 

“ Clark (13). “ Bain/(4).5, 9? Schander C54) 
dey: thee Oe ha Pow ean ss 
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“4. While no direct experiments were made to test this matter, 

it is still very probable that all the above-mentioned conditions 

hold true likewise of the foliage of the apple and the grape. 

“5. Applied to practical orchard conditions, these results mean 

that rain in the daytime and, probably, the dew first falling in 

_ the evening are pre-eminently the determining factors in the injury 

of copper fungicides to foliage, the mere presence of dew or rain- 

water on the leaves in the dark influencing this action to only a 

very slight extent. The outermost leaves on a sprayed tree being 

most exposed to dew, rain and sunshine are the first to suffer in- 

jury, those on the interior following in regular order the falling of 

the more exposed leaves toward the ends of the branches.” 

Il. Leaves and fruit secrete fluids which dissolve small amounts 

of copper hydroxide after which the dissolved copper salt finds 

its way into the cellular tissue and death results to the cells reached 

by the copper solution. 

Of these secretions Schander*’ says: 

“1. The plant secretes acids, and dissolves therewith small 

amounts of copper hydroxide, after which the dissolved copper 

salt works through the walls into the leaf cells and kills them. I 

found this mode of toxic action in Fuchsia and Oenothera. 

“2. The fluids secreted by the leaves react as alkalis as in 

Phaseolus multifiorus. I believe that the toxic action of bordeaux 

upon Phaseolus leaves must be ascribed to this condition, although 

I was unable to establish soluble copper salts in a secreted fluid 

in which I put a drop of equally alkaline reacting bordeaux mixture. 

These plants, however, secrete a very small amount of liquid, so 

that I could obtain this only drop by drop for my experiments. 

Alkalis, indeed, only act as solvents of copper hydroxide when they 

arenitiexcessi 

In 1891 Galloway*® conducted an experiment on the pear in 

which he found that injury came from the use of air-slaked lime 

instead of fresh lime. He lets the inference stand that all such 

injury comes from the use of air-slaked lime. Fairchild*® agrees 

with Galloway, as shown by the following: ‘““ Numerous cases have 

been recorded of serious injury to the foliage from its use. Weed, 

Gothe, Chester and Galloway have shown its occasional injurious 

*“Schander (53, p. 579). 

“Galloway (23, p. 40). 

“Fairchild (20, p. 26). 
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nature. But as pointed out by Galloway and Gothe, and cor- 

roborated by a knowledge of the chemical composition of the mix- 

ture, this injury is owing to the use of air-slaked lime in its 

preparation. It is probable that the use of air-slaked lime not 

only causes injury from leaving a small amount of copper sulphate 

in solution, but from the formation of the basic sulphate of copper, 

which in itself is injurious.” 

In the light of more recent investigations, and of experiences 

in practice, it is very doubtful if either of the above workers would 

now lay much stress upon air slaked lime as a cause of the injury 

from bordeaux mixture. 

In a letter dated January 23, 1907, Bain kindly sends me the 

following as to the relation of lime and weather to injury from 

bordeaux mixture: “ You will recall that I found lime to be the 

sole constituent of the bordeaux mixture which retards its injurious 

action. Since that time I have found that liquid water in contact 

with hydrate of lime is necessary for its conversion into the car- 

bonate. In fact, I have bordeaux sprinkled on glass plates in my 

laboratory which have been in a dry atmosphere for about six 

years, and the lime still exists in the form of the hydrate. It is 

a well-known fact that the hydrate of lime is very much more 

soluble in meteoric water than the carbonate. I found that one 

night’s exposure to a good dew is sufficient to convert the hydrate 

into the carbonate. A rain falling within a short time upon the 

leaves sprayed with the bordeaux mixture will find the lime in 

its soluble hydrate condition and will wash off a greater per- 

centage of the lime present. Following rains or dews will thus 

cause much greater injury than would have occurred if a few dews 

had followed the spraying before the occurrence of the rain. It 

is probable that this fact will influence but slightly the practical 

control of injury to foliage, though it explains in many instances 

the injury, which I have hitherto been unable to comprehend.” 

- INVESTIGATION IN REGARD TO BORDEAUX INJURY 
AT THE NEW YORK AGRICULTURAL EXPERIMENT 

me eal CIN 

It was the unusual severity of bordeaux injury in 1905 that 

caused this Station to begin a study of the trouble. There was 

a greater loss of fruit and more damage done to apple foliage 

in New York in I905 than in any preceding year in the history - 

of spraying. True, there had been other years in which the losses 
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-were great, as in 1894 and in 1904, but in these seasons the injury 

occurred in localities, while in 1905 it extended over the entire 

apple-growing territory of the State. Many apple growers main- 

tained that they did more harm than good by spraying with bor- 

deaux mixture in 1905. Some growers declared their intention of 

giving up the use of this fungicide in future spraying operations ; 

a few having suffered severe losses in preceding years had given 

it up. The extracts from letters written by apple growers of the 

State, published in the first pages of this bulletin, give an idea of 

the damage done in 1905. The conditions seemed to warrant a 

careful investigation of bordeaux injury. The campaign was begun 

with a preliminary survey of the field in the fall of 1905. 

A PRELIMINARY SURVEY. 

To get an idea of the amount and the nature of the damage 

done in spraying apples in 1905, a circular letter was sent to 116 

apple growers in the State; 108 replies were received. The follow- 

ing is a synopsis of the information so obtained: 

1. The amount of bordeaux injury in 1905.— Of the 108 men 

who replied, 98 had used bordeaux mixture in 1905. Of these, 

69, or 70 per ct., had had spray injury. Their injury varied in 

degree from “badly spotted foliage” to a loss “of one-half the 

foliage in a ten-acre Baldwin orchard;’’ one man reports that his 

“apples were nearly all thinned off the trees” and that he had 

“lost nearly all of the first leaves in his orchard.’ Another re- 

ports that his crop was lessened by 100 barrels. The letters on 

pages 224 to 228 give further accounts of the losses suffered. 

2. Spraying materials and formulas Of the 69 men who re- 

ported “ spraying injury,’ 55 used an excess of lime in making the 

bordeaux mixture used. Of these, three used a 4-8-50 formula; 

one a 3-10-50; one a 5-12-50; and two a 5-15-50 formula. In 

these cases of more than double and more than triple the amount 

of lime than of copper sulphate, the injury varied from a slight 

amount to a heavy dropping of foliage and badly russeted fruit. 

These seven cases would not vary in degree of injury in any par- 

ticular from’ any other seven that might be chosen from the 69 

injured orchards; the great excess of lime seemed to make little 

difference in regard to injury. Of the 48 remaining cases in 

which an excess of lime was used, eighteen used a 4-6-50 formula ; 

twelve, 5-5-50; seven, 3-60-50; and eleven, 4-4-50. 
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In the orchards where there was no injury the formulas used 

were as varied as those in which spraying was harmful. The 

proportion of 4-4-50 formulas was high in the cases where there 

was no injury, but without doubt this is a coincidence. From the 

statements made in these reports one cannot conclude that either 

the amount of copper sulphate —in no case. was there less than 

3 pounds to 50 gallons of water — or the amount of lime, materially 

influences the amount of bordeaux injury. One point is made very 

clear, an excess of lume does not prevent injury. 

There were 95 answers in regard to arsenites. In 42 cases of 

these paris green was used; 37, arsenite of soda; 8, arsenate of 

lead; 7, green arsenoid; 1, disparene. Most of the men answer- 

ing were satisfied from observation or experience that the injuries 

in their orchards were not due to the arsenite used. 

3. Did spraying do more harm than good m 1905?— Ten of 

the 69 men who had suffered losses from bordeaux injury reported 

that spraying had done more harm than good for them in 1905; 

all will continue spraying, however. In nearly all of the replies 

to this question, only the fruit was considered for the current year. 

It is certain that in orchards where the foliage was badly injured 

early in the season, succeeding fruit crops have suffered. 

4. Experience with bordeaux injury in previous years.— There 

were comparatively few direct answers as to injury in previous 

years, but the tone of the most of the reports indicated that those 

who suffered losses in 1905 had had similar losses in past seasons. 

The letters published in the previous pages give some information 

on the point and are fairly representative in this regard of all the 

letters received. 

5. The cause of the injury—In 41 of the 69 cases of injury, 
the copper sulphate was mentioned as the cause, or the probable 

cause; in 9 cases the arsenite was considered the harmful in- 

eredient; in 5 others, too much lime; in the remaining cases, those 

replying confessed to having no opinion as to what caused the 
injury or gave an indefinite answer; several ascribed the injury 

to’one or another phase of the weather. When definite answers 

were given, the information in many cases was based on experi- 

ments with the several spraying substances. 

6. Does the manner of spraying have anything to do with “ spray 

imjury?’’— The answers to this question can hardly be classified 

because of their great diversity. There were 67 answers and with - 

a somewhat liberal interpretation we may consider 24 of them 

negative and 43 affrmative. The trend of the affirmative answers 
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was, that with the increasing use of power machinery more of the 

spraying mixtures were used, and more injury resulted; and that 

the more thorough the spraying in all respects, the greater the 

amount of injury. 

7. Similar injury im unsprayed Pr ahords Thirty: nine corre- 

spondents had seen this injury only in sprayed orchards; 29 had 

seen such injury in unsprayed orchards. It- should be said that 

frost injury as described by Stewart and Eustace of this Station, 
is to be found nearly every season in New York apple orchards 

and on the fruit, at least, is easily mistaken for bordeaux injury; 

so, too,.is the work of the apple blister-mite on the leaves. 

8. Favoring conditions for “ spray injury.’— Fruit growers are 

almost of one mind as to the weather conditions favoring bor- 

deaux injury. Under one head or another, as wet, muggy, cloudy, 
and wet, wet and hot, wet and cold, 57 answered, wet weather. 

The six other answers received indicated dry weather either under 

that head or under that of sunshiny weather. It is unfortunate 

that the question of dew or no dew in these dry weather cases 

cannot be settled. 

9. What varieties are most susceptible to spray injury?— Rhode 

Island Greening, 31; Baldwin, 28; Twenty Ounce, 12; Ben Davis, 

6; Tompkins King, 6; Jonathan, 5; Snow, 5; Boiken, 3; Lady Sweet, 

2; Northern Spy, 2; Hubbardston, 2; Esopus Spitzenburg, 2; New- 

town Pippin, 2. The following were indicated but once: Fall 

Pippin, Peck Pleasant, Cranberry Pippin, Red Astrachan, Falla- 

water, Sweet Winesap, Tolman Sweet, Swaar, McIntosh, Wagener, 

Bismarck, Maiden Blush. 

The three sorts first named are the most widely grown varieties 

and the number of times they are specified in the above list is 

not an indication of their susceptibility in comparison with the other 

apples in the list. In the main, this list agrees with the one pre- 

pared from the Station orchards given on page 247. 

THE EXPERIMENTS. 

OUTLINE. 

The data from the survey suggested four experiments: 

2 Effects of bordeaux mixture on the fruit and foliage of the 

apple. 

2. Effects of bordeaux mixture on apple trees sprayed during 

“wet weather. 

° Stewart and Eustace (58). 

| 9 



258 Report OF THE HORTICULTURAL DEPARTMENT OF THE 
4 

3. Effects of bordeaux mixture containing an excess of lime: 
(a) As to injury, 

(b) As to control of the scab fungus. 

4. Effects of bordeaux mixtures made with varying quantities 

and varying proportions of copper sulphate and lime: 

(a) As to injury, 

(b) As to control of the scab fungus. 

An apple orchard on the Station grounds was available for the 

experiments and 27 Rhode Island Greening and 18 Baldwin trees 

were selected for the work. The trees are 55 years old, normal 

and healthy in growth, and were selected from a considerably 

greater number of the same varieties in the orchard to give unt- 

form plants for the experiment. The varieties named were selected 

‘because both are susceptible to injury from spraying and because 

they are the sorts most commonly grown in New York. 

The usual treatment for apple scab in this State consists of three 

applications of bordeaux mixture; the first before leaf buds open; 

the second, just after blossoms fall; third, ten days to two weeks 

later. The first application is omitted when an orchard has been 

treated with lime and sulphur for San José scale. The Station 

orchard had had this lime and sulphur treatment and it was neces- 

sary to give but the two last mentioned applications to comply with 

the custom of apple growers. 

The 45 trees were divided into nine plats, each containing three 

Rhode Island Greenings and two Baldwin trees. Each plat was 

sprayed with bordeaux mixture as follows: 

Plat (1) 1 lb. copper sulphate—1 Ib. lime—so gals. water. 

Plate(2) 2. ibs. a a oa Ao), fees. Saaae ‘ 

SENAY RSM ie I nS ie a ee 
Plat (4) Ae sane ze) A ee ‘ “ 

Plat (5) Check. 

Plat (6) Tb. ys Wee ae thee ath a 
Plat (7) 2 Jbs. F A —4 “ tt Sa Be «“ 

Plat (8) 3 Cp 3 &§ ere o Poe eS teil geen “ 

Plat (9) 4“ , fe koe ee a 

Arsenate of lead was used at the rate of three pounds to fifty 

gallons of water on all the plats. The time and the conditions 

under which the plats were sprayed will be given in the discussion 

of the several experiments. ; 
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MAKING AND APPLYING THE BORDEAUX MIXTURE. 

Many of my correspondents, state positively that no injury results 

from “properly made bordeaux mixture.” Bulletins and_horti- 

cultural press urge the necessity of using the “ properly made” 

mixture, though scarcely any two men make the spray in the same 

manner. After years of teaching students how to make bordeaux 

mixture “ properly,” and after having talked much about the sup- 

posed virtues of bordeaux mixture made in such and such a way, 

I am convinced that much of such talk is worse than useless. It 

has made this spray a bugbear to the average farmer when in 

reality it is simply putting a solution of copper sulphate and the 

milk of lime together. I can find no data to show that the manner 

of putting the ingredients together makes the slightest difference 

in controlling fungi or in preventing injury. The manner of 

putting the ingredients together does make a great difference in 

the physical composition of the mixture, and it is quite worth while 

to strive for a mixture of good physical composition. But the 

idea that failing to have a certain color, or condition of suspension, 

means any loss of fungicidal properties; or that power to cause 

injury is thus brought about, is erroneous. There is little basis 

for the claim so often made that “ properly made bordeaux mix- 

tures’ do not injure fruit or foliage. 

Due care was exercised in making all of the mixtures used in 

these experiments. The writer personally weighed, measured, and 

combined all ingredients used. The method of making was.that 

recommended in Bulletin 243 of this Station, in common use 

throughout the State. The copper sulphate was dissolved and 

diluted to one-half of the 50 gallons of water. The lime was 

slaked and diluted with the remaining half of the water. The 

two diluted ingredients were then poured together in the spray 

tank. Lastly the arsenate of lead was added. The mixture was 

thoroughly agitated during its application. 

The spraying was done with a gasoline power outfit equipped 

with Vermorel nozzles. The pressure was kept high, giving a 

fine mist. The trees were sprayed from every direction, the effort 

being to do the work thoroughly and yet not drench the trees 

so that the spray ran from them. It was assumed that injury 

might be caused by over-spraying and great care was taken not 

to spray too heavily. The workmen in the orchard were super- 

vised by one or another of the assistants in the Horticultural 

Department. : 
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EXPERIMENT I.— EFFECTS OF BORDEAUX MIXTURE ON THE FRUIT 

AND FOLIAGE OF THE APPLE. 

The results of this experiment are conclusive. Bordeaux mix- 

ture causes the trouble commonly known in New York as “ spray 

injury.” All of the 40 trees sprayed with the different strengths 

of bordeaux mixture showed more or less injury to fruit and 

foliage. None of the five check trees showed more than a trace 

of such injury. A trace was found on two check trees, but the 

bordeaux mixture was found there also, having been blown or 

thrown into the check plats in spraying nearby trees. The follow- 
ing table gives the results: 

TABLE J].— Errects oF BorpEAUX MIXTURE ON THE APPLE. 

FRUIT. 

Plat | STRENGTH OF 
No. MIXTURE. 

Injured. | Uninjured.| Injured.| Scabby. bere? Scabby. 

C.S. Lime Water| Lbs. 02. | Lbs. oz. Pericts } Lbs. > Joe? |: bs nos Per ct 
te aa 1 —1 —50 182 LOM 2343 pues ai) 78 2.4| 24479 ot 3 

Dae ee i 2 —2 —50 111 0}; 2099 3 5.0 53 6 | 2156, 1 214: 
Basten. 3 —3 —50 209 5h 2445° 112 1.8 47 2°)" 260-7210 1 
Deg e 4 —4 —50 301 13 1530) 319 16.4 28 74 A803 AS Le 
Dit nets Check . Trace Zo09 oles 272 9 | 2269 12 10.7 
ye 1 —2 —50 47 Tee LoS Ses 1.9 137 4°} 92361 414 5.7 
Cb Sor eke: 2 —4 —50 107 12 2485 6 4.1 178 10 | 2414 8 6.8 
Senay am 3. —6 —50 311 0 2617 9 10.6 45 13}; 28834 are nS) 
Oe i oP 4 —8 —50 179 12e) 21487 ea #133) yh 2 | 1629. “11 ue 

* The percentage of injured fruit in Plat 1 is abnormally high because one of the five trees 
in the plat had 22 per ct. of its fruit injured. If we discard the crop of this tree and take 
an average from the remaining four trees in the plat we have instead of 6.1 per ct. 4.1 per 
ct. So, too, the percentage of injured fruit in Plat 9 is abnormally low because one of the 
trees had but 3.1 per ct. of injured fruit, far below that of the other four trees in the plat, 
the average percentage of the latter being AIS 

The crop was picked and sorted between September 24 and 

October 13. The weights given in the table include both picked 
fruit and windfalls. In sorting for bordeaux injury, apples having 

a sufficient amount of russeting to detract from the general ap- 

pearance of the fruit, were considered injured; all others were 

considered without injury. Many specimens showing traces of 

injury, under the above specification, fell in with the uninjured 

fruits. In sorting for scab, apples with well defined scab spots 

were designated as “scabby.” The crop was not a large one, 

averaging only 1034 bushels to the tree for the 45 trees; it was, 

however, well distributed, each tree in the experiment having its 
share of fruit. : 

? 
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Time of appearance of bordeaux injury.— Four trees in each 

of the eight treated plats were sprayed May 31, the fifth tree in 

each plat being left until it could be sprayed before or during 

a rain. Rain fell on June 5, and the unsprayed trees in the 
plats, a Rhode Island Greening in each case, received their appli- 

cation. Daily examinations of fruit and foliage were made; and 
until the rain on June 5, no trace of injury was to be found. 

The morning of June 5 was clear, bright and hot, but in the 

middle of the forenoon a light thunder storm came up and spray- 

ing was begun on the unsprayed trees in the plats, and was con- 

tinued during the intervals between showers until finished at 

three in the afternoon. The weather continued showery until 

the morning of June 6, the amount of precipitation for the 24 

hours being .74 inch. On the afternoon of the sixth, it was 

found that all of the 4o trees sprayed with bordeaux mixture, 

either on the last day of May or the fifth of June, showed injury. 

Rate of development— TVhe rate at which any disease, physio- 

logical or pathological, of a living organism develops must de- 

pend upon environment, and with plants, upon temperature and 

moisture in particular. The weather following the first appear- 

ance of the injury was warm and moist. From day to day the 

injury, which appeared at first as faint black or brownish specks, 

became more conspicuous. On the ninth of June a severe hail- 

storm did such damage to fruit and foliage that the bordeaux 

injury was partly obscured. On the thirteenth, the observer, 
Mr. Eustace, noted, “At this date it is easy to see that the injury 

is much more pronounced on the plats that have received the 
largest amounts of copper sulphate. It is apparent, too, that 

the injury at this time is more severe on the Rhode Island 

Greenings than on the Baldwins and that it is most severe on the 

trees sprayed during rain.” On June 12, the second applica- 

tion of bordeaux mixture was made, leaving as before a tree in 

each plat to be sprayed during a rain. On the afternoon of 

the fifteenth and the morning of the sixteenth, the fifth trees in 

the plats were sprayed between heavy showers. 

A week of rain* followed the second spraying and the injury 

increased apace from day to day. Notes taken from time to 

time showed that the injury continued to increase on the fruit 

until about July 30, when it apparently reached the maximum 

except as the increased size of the fruit made it more visible. 

* See data on page 270. 
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At this time the degree of injury, as noted by the eye, stood 

about as at the close of the experiment. 

In the daily observations it was noted from the start to the 

finish of the experiment that the injury was greater on the 

trees sprayed during rain than on those sprayed during dry 

weather; with both applications of the copper compound con- 

siderable injury appeared immediately on the trees sprayed in 

rain; on those not so sprayed, only traces of injury were found 

until rain had fallen. The inevitable conclusion to be drawn 

from observation, quite aside from the results to be given later, 

is, that wet weather favors the production of the imjury. 

The injury on fruit was more noticeable in July than at any 

other time. After July the fruit seemed to outgrow and throw 

off much of the russeting. This was the case in our experi- 

mental plats, but much more so in other orchards that came 

under my observation. On the fifteenth of June the writer was 

called to Albion, New York, to visit a number of orchards in 

which it was supposed some new fungus was destroying the 

fruit ;—the trouble turned out to be the bordeaux injury. About 

twenty orchards were visited, some of them showing the worst 

cases of bordeaux injury I have ever seen. Many fruits were 

covered with russet; some had gaping cracks; much of the fruit 

was malformed; and the foliage of all was badly injured. A 

later visit on the twentieth of July showed that the fruit was 

in much better condition than at the first visit. There was less 

russeting; many of the cracks had healed over and the malforma- 

tions were less pronounced. Reports from the damaged orchards 

at harvest time were to the effect that the injury was even less 

apparent than at the last visit; and that comparatively little of 
the fruit was wholly unmarketable, the loss being in the lessened 
yield through reduced size. 

Unfortunately there was comparatively little injury to foliage 

in our experiment plats; an unexplainable condition, for in the 

State at large there was much injury to foliage. For this reason 

the results given have to do chiefly with injury to the fruit. 

Manner of development of bordeaux injury on fruit.— From 

its appearance until the crop was harvested, studies were made 

of the injury as it developed. A brief summary of these studies 

is made here. | | 

Examined with the naked eye, the surface of a young apple, 

for from four to six weeks after blossoms drop, is found to be 



New YorK AGRICULTURAL EXPERIMENT STATION. 263 

covered with a felt of fine hairs. Examined under the micro- 

scope, One sees upon the epidermis of the young apple many 

stomata. In time the hairs and most of the stomata are lost, 

the former dropping off leaving a distinctive scar, while the 
latter split through surface expansion and give rise to a corky 

formation agreeing with the structure, and, I take it, the func- 

tion of the lenticels. The hairs are thin walled and consist of 

a single cell. The walls of the neighboring epidermal cells, 

even at an early age, are thicker and stronger and as the fruits 
develop this difference becomes more marked. So far as the 
Baldwin and Rhode Island Greening are concerned the stomata 

are not to be found in any considerable numbers after the fruits 

are half grown, though a few are present almost up to harvesting 

time. In the young fruits these stomata are very evenly dis- 

tributed over the surface of the apple. 

These plant: hairs and stomata are the parts of the epider- 

mis which seemingly permit the entrance of the toxic ingredient 

of bordeaux mixture. In its first stages bordeaux injury appears 

as tiny black or brown specks. Under the microscope these 

specks are found to consist of a circle of dead cells usually sur- 

rounding a stoma, but sometimes one of the thin celled hairs. 

It may be assumed that the copper salts are dissolved by mois- 

ture or other atmospheric agencies and enter the cells through 

the stomata, and possibly the hairs, and destroy them. Whether 

the young apples secrete through the hairs, or otherwise, a liquid 

which would dissolve the copper salts in small quantities, is 

notknown; it is possible, and it seems very probable, that there 

is such a secretion, in which case injury might arise independ- 

ently of atmospheric agencies. 

Schander®! holds, after investigations of his own and a con- 

sideration of the work of others, some of whom are not in accord 

with his views, that plants do secrete liquids which dissolve the 

copper salts. Clark, as we have seen, page 235, gives the sol- 
vent properties of cell sap on copper hydroxid as a factor in 

bordeaux injury. He says further: “When the dew is on the 

leaf we have two solutions — the dew drop without, and the cell 

sap within — separated by a more or less permeable membrane. 

These conditions must result in the exosmosis of at least some of 

~ aciander (53,.p.. 279). 

* Clark (13, p.:44). 

Biclack (12, pass): 
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the contents of the cell sap, which coming in contact with the 
copper hydroxid adhering to the leaf surface causes more or less 

of it to pass into solution.” Bain* concludes as the result of an 

experiment that the secretions from peach Meee do not increase 

the toxic action of copper salts. He says: “ Both cane and grape 

sugar increase the action of the copper slightly, while gum arabic 

and the gum secreted by peach leaves are without influence on this 

injury.” 
*5Pons®* found that although acid and neutral salts of copper 

are strongly insoluble in fats and fatty matters, the hydrate and 

basic salts are rather easily soluble. -He believes the fatty 

matters of the cuticle of plants are comparable with animal fats 
and not with wax, and consequently that they would be likety 

to exercise a solvent action on copper salts. 

It should be said that we found in our work that the hairs 

of both the fruit and the leaf of the apple secrete a considerable 
quantity of some substance, whether “ fatty matter” or “ wax” 

was not ascertained. 

Whether the dissolved salts pass readily from cell to cell, 

and so cause the large blotches of russet, I do not know, but f 

think that they do not do so; for, Iam told by Dr. Van Slyke, 
Chemist of this Station, that dissolved copper salts upon coming 
in contact with the proteids in the protoplasm of the cell wou!d 

form an insoluble compound which would be stored up in the 

dead cells. If this be the case the copper poisoning does not 

spread from cell to cell. But, rather, the injured tissue lies, for 

most part, directly under the blotches of bordeaux mixture. 

Fruit injury seems to occur as follows: The part of an apple 

injured by copper poisoning is in the first stage thickly sprinkled 
with dead points —a circle of dead cells surrounding a stoma or 

a hair; in the enlargement of the surface which follows the 

growth of the young fruits the dead cells are unable to bear 
their share of the surface tension; the result is that the epider- 

mal cells are torn, the lacerations being of greater or less length 

and depth according to the fruit, the number of dead cells, 

rapidity of growth of the apple and possibly other factors. It 

is the dead cells, and the healing of these lacerations, the cicatri- 

zation of wounds, that causes the corky, russeted layer on fruits 

which we call bordeaux injury. 

“Bain (4, p. 54). 
* Quoted from Swingle (53, p. 21). 

Pons (47). 
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Green* believes that the russeting on the fruit comes with late 
spraying. He cautions against using bordeaux mixture more 

than twice after blooming, since, “ when applied too late in the 

season it sometimes causes a russet appearance of the apple.” 
But from the study of the matter at this Station it does not 

seem probable that bordeaux injury occurs on apples after the 

hairs have been shed, the stomata changed into lenticels, and the 

waxy coating formed. This period of immunity begins with 

Baldwins and Rhode Island Greenings in from four to six weeks 

after blossoms drop. It may be assumed that the time for these 

changes must vary greatly with the season and possibly with 

the variety. Unfortunately these early weeks cover the period 

when we must spray for the scab fungus — the immunity which 
apparently comes with age is too late in the season to take 

advantage of in spraying operations. 
Development of bordeaux injury on leaves Unfortunately for 

these experiments there was so little bordeaux injury of the 

foliage in our experimental plats that it is not possible to give 

as clear a statement of its development on the foliage as one 

would like. It is certain, too, that such observations as were 

made would, for most part, be modified more or less by varying 

weather conditions and on other varieties than the two in these 

experiments. ; : 

The injury develops less quickly on foliage than on fruits. It 

first shows as dead brown spots of various shapes and sizes 

though usually of irregular outline. These spots begin to ap- 

pear as did the injury on the fruit, immediately after the first 

rain following the application of the bordeaux mixture, but 

in comparison with the injury on the fruit the development of 

the characteristic spots was slow and two weeks intervened be- 

tween the first indication of the injury and the full formation of 

the dead brown spots; it was almost two weeks later before the 

leaves took on the yellow color, accompanied with falling, this 
being at its height July 6, too late for the injured leaves to be 

replaced by new ones. 

In a few cases the dead spots fell out, but in no great number 

of leaves did this occur. There was none of the “shot-hole” 
effect which Bain® describes on peaches, and Muth®® on grapes. 

The separation of dead from living tissues in the leaves of 

Green (26, 9:13). 

* Bain (4, pp. 69-73). “Muth (46, p. 2). 
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apples, as in the case of members of the genus Prunus, probably 

does not take place and in the few cases where the “ shot-holes ” 
in apple foliage are to be found in bordeaux injury, the lifeless 

tissue has been blown out or removed by some other mechanical — 

means as by rain or a later spraying. 

The injury is greatest on young leaves and develops more 

quickly on young than on mature leaves. Thus, leaves at the 

end of shoots almost always show more injury than those at the 

base of shoots. It is reasonable to assume that this is because 

the young leaves are not so well protected by thickened cell 

walls as the older ones. 7 

There were always to be found among the defoliation from 

injury some yellow leaves which did not show the dead, brown 

spots. I am wholly unable to say whether these turned yellow 

and dropped from bordeaux injury or otherwise. I could not, 

it should be said, establish a definite proof that there was’ copper 

in either the dead brown spots of leaves showing these spots 

or in the yellow leaves, though the tests with iodide of potassium 

may have lacked proper management. 

From examination made I can form no conclusion as to how 

the dissolved copper salt enters the ‘cells of the leaves. 

Schander® found on leaves of Phaseolus vulgaris that the 1in- 

jury always started from the base cells of the plant hairs. 

Bain® found with apple, grape and peach leaves that the injury 

is greatest along the veins because “the cuticle is more per- 

meable there;’ and according to the same author “it occurs 

at definite points under and around spots of copper hydrate 

because the cuticle happens to be more permeable at these 

points.” All of my observations seemed to point to but one con- 

clusion; namely, that the dissolved copper salts pass osmotically 

into the cells of the leaf surface, and of the upper surface ~ 

chiefly, though occasionally of the lower surface. This seems 

to me to be the case because the brown spots are nearly always 

under the bordeaux stains. Muth®™ reached practically the same 

conclusion in his work with'the grape. I could see nothing to 

lead me to think that the copper solution entered through 

breathing pores or leaf hairs, as in the fruits, though I must con- 

fess that the examinations of leaves were not satisfactory. The 
——— 

* Schander (53, p. 580). 

* Bain (4, p. 98). 

° Muth (46, p. 7). 
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injuries were too far advanced before my examinations were 

made. 

It is true that plant hairs, and especially those along the mid- 

rib and its branches, are often destroyed by the bordeaux mix- 

ture, causing very small dead specks in the leaf, but I could noc 

find that the large spots formed about these. It may be that 

a sufficient amount of the copper poison enters the leaves through 

leaf hairs and stomata to cause the “yellow-leaf” so often 

found unaccompanied with the spotting. The dead spots form 

chiefly on the midrib and the main veins of the leaves because 

liquids collect in the depressions in which these parts lie. 

EXPERIMENT II.— EFFECTS OF BORDEAUX MIXTURE ON APPLE TREES 

SPRAYED DURING WET WEATHER. 

Detailed results of this experiment are shown in Tables III 

and IV. Plats in Table III contain one Rhode Island Greening 

tree; plats in Table IV, two trees of the same variety. 

TABLE III].— BorpEAUX INJURY TO FRUIT SPRAYED DuRING RAIN. 

FRUIT. 

STRENGTH OF MIXTURE. —— —_—— 

- Injured. Uninjured. Injured. 

GAS Lime Water Lbs. ozs. Lbs. ozs. Per ct. 
1 —] —50 88 4 = ad 225 
2 —-2 —50 31 Oe ae be 401 14 fie, 
HA —3 —5O0 92 5 533 8 Lae, 
4 —4 —50 iis ewe Mil 298 14 30.9 

nec keener ears Pat | - BRR et eg 647 6 O. 
1 —2 —50 12ers 405 4 aoe al 
2 —4 —50 63 6 603 10 O35: 
3 —6 —50 a 7 4 62a le 15.8 
4 —8s —50 93 6 302) b4 23.6 

Taste 1V.— BorpEAuX INJURY TO FRuIT SprAYED DurRING Dry WEATHER. 

FRUIT. 

STRENGTH OF MIXTURE. 

Injured. Uninjured. Injured. 

Gr S Lime Water 13DS.0 O25. Lbs. ozs. Per ct. 
rf —l —50 83 10 1148 6 6.8 
2, —2 —50 625710 770 3 TD 
3 —3 —50 89 14 915 2 8.9 
4 —4 —50 135% 12 692 3 | 16.4 

(CUTE e ST 1 eh a ee ee Se 1161 4 OF 
1 —2 —50 28 9° 1060 15 2.6 
2 —4 —50 37 8 1063 10 3.4 
3 —6 —50 129 4 899 3 12.6 
4 —8s —50 exe aia (Ope lhe. 4.5 

=a a | 
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The abnormally large percentage of injured fruit on the 
I-1-50 tree sprayed during rain is wholly unexplainable — one 

of the anomalies of bordeaux injury. So, too, the very low 

percentage of injured fruit on the 4-8-50 trees sprayed during 

dry weather is unexplainable. In the latter case the low per- 

centage comes from the fact that the fruit on one of the two 

trees in the plat showed almost no injury. 

The figures in these two tables show that in all except one of 
the 16 sprayed plats, the injury was greatest on the trees sprayed 

during rain, and in the exception the difference is but 0.4 per 

ct. If we average the percentages of injured fruits in the two 

tables, the figures are, 15.3 per ct. for the trees sprayed during 

rain, and 7.6 per ct. for those sprayed during dry weather, or 

a little more than twice.as great injury in the former as in the 

latter. 

The results of the experiment emphatically confirm the opin- 

ions of the fruit growers who have suffered from bordeaux in- 
jury that wet weather gives the favoring atmospheric conditions 

for this trouble. In the survey of the injury for 1905, 57 men 

out of 69 who had had experience with the injury that year, 

gave wet weather as the favoring condition. The results agree 

with the opinion of all the horticulturists of experiment stations 

of other states who had knowledge of bordeaux injury.“ They 

agree, too, with those of various experimenters in studying simi- 

lar injury from bordeaux mixture on other plants; thus Bain™ 

in his work with peaches; Muth® with grapes; Schander® with 

beans and peaches; Sorauer® with potatoes; Mueller® with 

peaches; have all found in their experimental work that meteoric 

moisture gives a favoring condition for bordeaux injury. 

The first experimenters with bordeaux mixture frequently 

make note of the deletérious effect of falling rain on the ad- 
hesive properties of the mixture. Much attention was given in 

the early days of spraying to securing a mixture that would 

stick and not disintegrate and wash away; molasses, soap, sugar 

and other substances were added to increase its adhesive power. 

Rain, without question, dissolves and washes out to some ex- 

tent the fungicidal ingredients of the bordeaux mixture. The 

conclusion was long ago reached, however, that this effect is 

comparatively insignificant and the washing effect of rain on 

bordeaux mixture is now but little considered.. The influence 

* See letters, pp. 228-232. 
“Bain (4). “Muth (46). “Schander (53). “Sorauer (54). “ Mueller. 

(45). 4 



PLATE XIV.— Size or FrRuIT WHEN First SPRAYED ON May 31; 

Upper Row, Batpwins; Lower Row, GREENINGS. 
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PLATE XV.—SIzE oF FRUIT AND RUSSETING AND MALFORMATION FROM 

BorDEAUX INJURY ON JUNE 18, SHORTLY AFTER THE LAST SPRAYING: 

Upper Row, BAtpwins; Lower Row, GREENINGS. 



' LIBRARY 

. 

OF THE. «ee 
UNIVERSITY OF ILLINOTS 



PLATE XVI.— SEVERE BorDEAUX INJURY OF HALF-GROWN BALDWIN APPLES. 
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PLATE XVII.— TEAT-LIKE MALFORMATIONS ON BEN Davis APPLE CAUSED BY 

BorDEAUX MIXTURE. 
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PLATE XIX.— StrRucTURE oF STOMA ON YoUNG GREENING APPLE: 

I, SURFACE VIEW; 2, Cross SECTION. 

Drawing by N. W. Coil, Cornell University. 
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PLrate XX.— Section TuHroucH BorpEAux-INyurED Portion or A BALDWIN APPLE, SHOWING RupTuRED EPIDERMIS 

aS 

AND DeAp Corky CELLS. 

Drawing by N. W. Coil, Cornell University. 
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which has to do with bordeaux injury is of quite a different 

'nature. Moisture is necessary, whether meteoric, secreted by 

_ the host plant, or from whatever source, for the germination of 
the spores of fungi. It is always an accompaniment of bor- 

deaux mixture in the destruction of germinating spores. It is 
the presence of this moisture with bordeaux mixture, in greater 

or less quantities, that becomes a prime factor in bordeaux 

injury. : 
Attention has already been called to the anomalies of bor- 

deaux injury. The influence exerted by moisture explains many 

of them. The fact of injury or no injury is for most part de- 

pendent upon rain or dews; the degree of injury is likewise so 

dependent; this factor controls the length of time after spray- 

ing at which injury appears, whether one or several weeks. 

Different sets of conditions are brought about if the moisture 

comes as a dew, a fog, a mist, a shower, or as a torrent. If the 

tain be accompanied by wind, parts otherwise protected may 

be injured. Sunlight makes a difference in degree of injury 

largely because of its influence on external moisture and leaf 

secretions. It is probable that temperature exerts a similar 

influence. 

There is still another influence of wet weather that demands 

attention; namely, its effect upon the parts of the host plant in- 

jured by bordeaux mixture. 
It is reasonable to suppose that leaves and fruit have less 

resistant power against the action of copper poisons when wet 

weather prevails than during dry weather; for it is a matter of 

common botanical knowledge that green plant organs are more 

succulent, their epidermis thinner, and more tender in wet 
weather than in dry. Kohl® found “the cuticle to be much 

thinner when the plant is grown in a moist atmosphere;” 
Lothelier® that it may entirely disappear when grown in a 

saturated atmosphere. Bain’ shows remarkable differences in 

the cuticle of the apple and peach leaves in accordance with 

weather. His conclusions are: “The cuticle of the apple leaf, 
and especially that of the peach leaf, shows in common with 

other plants considerable variations in thickness, dependent on 

the medium in which +he leaves are developed; exposure to a 

dry atmosphere, to strong air currents, in short, to all the atmos- 

n> awonle ¢ 33). 

_™Lothelier (38). 
* Bain (4, p. 67). 
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pheric conditions that have a tendency to increase transpiration, 

results in an increased thickness of cuticle.” 

In the spring of 1905,.preceding the unusually severe bor- 

deaux injury of that year, the weather was such that foliage was 

tender and succulent. The shoots came out under abnormal 

conditions; the weather was warm, foggy and wet. The new 

growths were what ‘the fruit grower calls “sappy.” It can 
well be assumed that the protective cuticle was poorly formed | 

and the parts under it spongy and weak. The power to resist 

entrance of solutions must be low in foliage such as was pro- 

duced under these conditions, and the injury of this year well 
illustrates the relations of weather to succulency of foliage and 

consequent injury. 

Table V is a record of the moisture and temperature and 

meteorological conditions attending the experiments under 

discussion. 

TaeLE V.— Datty MAXIMUM AND MINIMUM TEMPERATURES AND PRECIPITA- 

TION AT EXPERIMENT STATION, GENEVA, FOR JUNE, JULY AND AuGusT, 1906. 

JUNE. JULY. AUGUST. 

Day OF . 
MONTH. Temperature. Temperature. Temperature. 

Precipi- Precipi- Precipi- 
tation. tation. tation. 

Max Min Max Min Max. ‘Min. 

Deg. F.| Deg. F Ins. Deg. F.| Deg. F Ins. Deg. F.\ Deg. Ful. ins. 
(DU Sake 82 tepals bier Lf 79.5 DD NA ae tee 85 54 .06 
OFF. Ao To 8D Siw 2 howe © 81 63 Trace 82.5 58.5 Mae: 
ik eae 89.5 DO. y iter Bare 79 60 .61 80 66 ® .96 
eS Te eee 83 BO bbak.aee We 62 .05 88 66:;5" 1 aaron 
LS ote eat 83 3 74 74 ia lear i 93 66° “922 .aee 
Gt ax. Re 81 63 pie see he 78 D2 ae leas 88 70 05 
iP es eee 83.0 58 US S225 5975 cet nee 83 67 obo 
SAP eee. S 92 OTs Bry. cee 83 Gilt, Pal eae ae 84.5 66'~. p= 
OMint aed C155 62 Trace 82 65 07 87 60 026 

LOY cea eee 80 Di. .61 Slap 65 217, 86 65 .14 
Li ee aks 70 ADS le rl ca alos oe Tos 5 Katinas ce dec eae 84.5 67 .40 
1 ey A A a 67 Bue aps) Fp pce $2.55 og rite ies 82 6125 ol ee 
13; {2 SOF whi tee 86.5 (510 ny nen aN? Sher 76 48 (0 
Lady ees es 81 Ma Wai ne roee te 87 G2 pe dint, cites 80 56°) Dae 
Winkel 86 60 220 87 elo tees cn tee by is: 54° |? a 
iRa Pe eee 82 61 .29 85 64 .61 81 ATs. ‘cane 
Big eet le LOD 53 45 79 66 = till 88 60 Trace 
ae ee AAP 4 79 58 ee 80 a8 heal ad ee 85 67 05 
WO APE oe, me 74 62 2 Soo 54, ane? 86 70 .62 
7 ie & eee 79 HOW yal wie 89 62 04 87 66 Py ye 
le ee ae 81 64 .49 87 68 Trace 87 O06. ** leeepeaccerd 
DOS. eae 76 58 SBA 89 64 Lt 26 92 68. cities Sak GEE 
Oo curt Sac Tees BG ital |) ees see 89 68 .20 91 68.5 Ps 
Dan 74 51 Trace 77 54 bec 79 GO ts 37) x ae ee 
PATS 77 56 Sn eens 79 OOS atl eee 79 64° oe 
262023 tai 78 Bil | Pikes ae ae 81 Sage eee 84 65 .08 
Ht ia em 83 Ly Get To |S Lae 83 60 .06 84 64 .20 
DR Ki ares 89 3 1.46 81 62 Trace 78 55 - “oe 
OLE Seer nee 87 65.5 ri. 86 63 .06 82 51 4 eae 
Bl) cote es 83 70 .24 83 67 Sats! 80 63%. plete 
5 em ae pia Ine Seg re | ER SNe Sr WE arp, 88 6 gel; ares rag Bi? 5 ee 

— 
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EXPERIMENT III.— EFFECTS OF BORDEAUX MIXTURE CONTAINING AN 

EXCESS OF LIME. 

(a) As to injury. In this experiment four plats were sprayed 

with one part of copper sulphate to one of lime, a slight excess 

of the latter, since an equal weight of lime is not needed to 

neutralize the copper sulphate; and four plats were sprayed 

with one part of copper sulphate and two parts of lime, more 

than double the quantity of lime needed. There were five trees 

in each of the sprayed plats and the same number in the control 

plat. Table VI gives the detailed results. 

TABLE VI—Errects or BorpEAUX MIXTURE CONTAINING AN EXCESS OF 

LIME. 

| FRUIT. 

PLAT No. Strength of mixture. ae cms ere cree Soe ——. 

. Injured. Uninjured. Injured. 

C.S. Lime Water Lbs. ozs. Lbs. ozs. Per ct. 
(Bun 1 =a | —50 182 12 9343 8 6.1 
Lo 4 SS Sos 2 —=2 —-50 111 0 2099 3 5.0 
Soke oc Ee ae 3 —3 —50 209 5 2445 12 7.8 
2 Ee ee a, ae 4 —4 —50 aow Ss 1530 9 16.4 
Ais AS oye ee Check Trace 4 2509 Oa! en eeeeer, eee te 
(he SF. big ee er 1 ——7 —50 bare © hs} 2301 5 1.9 
Toa mace its eae ee re 2 ——4. —50 1074) 12 2485 6 4.1 
iol el ee 3 —6 —50 311 0 2617 9 10.6 
he Pei, aA te ant a alae eae 4 =———15 —50 £7 ORD 1487 2 LOST 

The figures in this table show plainly that an excess of lime 

- not only does not prevent bordeaux injury, but does not materi- 

ally lessen it. The slight differences in favor of the excess of 

lime are not out of the range of fortuitous variation as the 

figures stand. I have called attention to the fact that in Plat 1 

a Rhode Island Greening tree gave an abnormally large percent- 

age, 22 per ct., and that in Plat 9 a Rhode Island Greening tree 

gave an abnormally low percentage, 2.5 per ct. If we elim- 

inate these trees, two out of the 45 in the experiment, the per- 

centages in the results read for Plats Nos. 1, 2, 3 and 4: 4.,°5,, 
Peewancd 10.4 per-ct.;-and for: Plats’Nos.''6,°7, 8, and 97 1.9)" 4.1; 
10.60 and 17.2 per ct. With this reading, which it seems to 
me is more nearly correct than that given in the table, the excess 

of lime does not even decrease the amount of injury. 7 

These. results are corroborated everywhere in practice. In 

the letters” published in the preceding pages of this bulletin 

attention has been called to a number of cases in which double, 

® See letters, pp. 223-228, ae Batic | cae 
feast iaeeel BER HAS 
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treble and four times as much lime as is necessary was used and 

yet there was much bordeaux injury. In the survey of bordeaux 

injury in 1905, 55 out of the 69 men who reported injury used. 

a considerable excess of lime. The experience of horticulturists 
of experiment stations, as recorded in this bulletin,™ indicates 

that all over the United States an excess of lime does not pre- 
vent injury nor retard the toxic action of the copper salts to any 
great degree. 

It is difficult to tinderstand how the value of an excess of lime 

in bordeaux mixture has come to be so greatly overestimated. 

Almost without exception experimenters and writers recommend 

it aS a means of preventing bordeaux injury. Even so recent 

and careful an experimenter as Bain“ has fallen into the error. 

He says: “At the same time, before the sixth day after applica- 

tion, the pure basic copper has already begun to cause injury to 

the apple leaf, not because copper is entering at a more rapid 
rate than into the grape leaf, but because a far smaller dose of 

copper proves fatal to the apple leaf. Here likewise after the 

lapse of a certain time, the leaf tissues die. This injury may be 

retarded or prevented by the use of lime, just as in the grape 

leaf?’ Several similar statements may be found elsewhere in his 

work; in one of these” he makes the following positive assertion 

of the value of lime in preventing injury. “ It is especially to be 

remembered that lime prevents entirely the partial injury occur- 

ring to foliage in a moist atmosphere.” Schander, also an ex- 

perimenter and a recent writer, seems to be of two minds in 

regard to the effects of an excess of lime. He says: “All of 
these injuries have this in common, that they occur with different 
intensity according to the amount of lime in the bordeaux. For 

this reason Bain properly recommends an excess of lime as suit- 

able for counteracting the toxic action of bordeaux.” But in the 

same paragraph continues, “ Mueller, however, who conducted 
experiments along this line with four times the quantity of lime, 

found that, despite it, toxic action occurred on peaches. My 

researches with potted peaches and beans which were sprayed 

on August I, 1902, with differently combined 1 per ct. bordeaux 

mixture (I, equally alkaline reaction; II, one part CuSO, + one 

7 See letters, pp. 128-132. 

* Bain Cap: 07 Js 

*'Baitt (45 ‘p: 54)% 

™ Schander (53, p. 582). 
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part Ca(OH),; III, one part CuSO,-+ two parts of Ca(OH),, 

gave exactly the same results.” Sturgis found that two parts of 

lime to one of copper sulphate in a very weak solution did not 

prevent injury. According to him:” “ Bordeaux mixture of the 

2-4-50 formula can not be unconditionally recommended for use 

upon peach trees. Although somewhat less injurious to the foli- 

age and decidedly less so to the fruit of certain varieties, than 

the stronger mixtures, it nevertheless causes in some cases a 

marked deterioration both in the quantity and the quality of 

the fruit.” 

Scott’s in a comparatively recent bulletin recommends an ex- 

cess of lime: “ When russeting is feared it might be advisable 
to use less bluestone and a greater quantity of lime in the prep- 

aration of bordeaux mixture for application to the very young 

fruit. The mixture used in spraying stone fruits (3 pounds of 

bluestone and 9g pounds of lime to 50 gallons of water) is sug- 

gested.” 

I am not to be understood as claiming that there may not be 
some slight advantages in the use of an excess of lime; in a wet 

season an excess of lime may make the mixture more adhesive; 

it probably delays the fungicidal action of the copper salts, an 

advantage in controlling scab in a wet season; and it may possi- 

bly have a greater influence in preventing injury. on the leaves 

of apples than on the fruit, my experiment having been only 

with the fruit. However, I am extremely doubtful if it has any 

practical value in preventing injury on the foliage of apples. 

There are disadvantages in the use of an excess of lime worth 

considering. A gritty lime wears out spraying machinery. A 

mixture containing more than four or five pounds to 50 gallons 

is harder to apply uniformly, and makes pumping harder; and large 

particles of lime offer a resisting surface to drops of rain so that 

more of the mixture is washed from trees. This is an important 

point, for a fungicide is of value in proportion to its adhesive 

power and it is certain that this power is greatly reduced by an 

excess of lime. 

It is to be hoped that the foregoing investigation, with the 
experiments of Mueller and Schander, the experience of apple 

growers in this State, and of horticulturists in other ‘States, will 

stamp out the error into which spraying practice has fallen re- 

(sires C50," p. 227). 

Pe cottt52-p, 27): 
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garding the value of an excess of lime in preventing injury from 

bordeaux mixture. 

(b) As to the control of the scab fungus.— Does an excess of 

lime hinder the action of bordeaux mixture as a fungicide? Sev- 

eral writers have suspected that lime in a greater quantity than 

enough to satisfy the immediate chemical changes which take 

place will suspend the fungicidal properties of bordeaux mixture. 

Among these are Lodeman‘’® who states that there is such a 

suspension though he draws the conclusion from theoretical 

considerations and not from experimental work. Clark*®® holds 

that while the solution of copper is possible in the presence of 

an excess of lime it is apparently detrimental to the solvent 

action of copper. According to Schander:*! “A too great excess 

of lime affects a great dilution of copper hydroxide in the mix- 

ture. In this way the fungicidal action of the mixture is weak- 

ened.” Still others might be quoted but their conclusions would 

fall in for most part with one or other of those given above. 
The season’s experiments with bordeaux injury throw some 

light on this question. I must hasten to say, however, that these 

experiments were not planned, primarily, to control scab; and that 

as there was comparatively little of the scab fungus in 1906, the 

results as here set forth are to be looked upon as suggestive rather 

than conclusive. | 

In order to make a fair comparison of the results attending — 

the use of a moderate amount of lime (one part each of lime 

and of copper sulphate), and a considerable excess (one part of 

copper sulphate and two of lime), each of the nine plats must 

be divided into three parts, for there are two varieties and the 

plats were divided as to time of spraying. The tables show varie- 

ties and times of spraying as follows: Table VII, Rhode Island 

Greemmg trees, one tree in each plot, sprayed during rain June 5 

and June 12; Table VIII, Baldwin trees, two trees in each plat, 

sprayed during dry weather May 31 and June 12; Table IX, Rhode 

Island Greening trees, two trees in each plat, sprayed during dry 

weather May 31 and June 12. 

” Lodeman (37, p. 128). 

Poelatlehd Ts pad): 

“ Schander (53, p. 583). 
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TABLE VII.— Excess or LIME IN CONTROL OF SCAB FUNGUS ON GREENINGS 

DuRING , RAIN. 

BraprNo. 

it oe tae ie ee 1 
PO Be npr |) ie Coe We 
Si de ee 3 
he LRT oe ene "4. 
Lh Wi ee) dee 
dla Soy Adve eee 1 
i oly sk, SS ee 2 
ray SPM ak a Ce re 3 
Don eckson 4 

Lime 

—2 
—3 
—4 
Check. 
—2 
—4 
—6 

Strength of mixture. 

Water 
—50 
—50 
—50 
—50 

—50 
eeu 
aie) 
—50 

FRUIT. 

Scabby. Without scab Scabby. 

Lbs ozs. Lbs. ogs. Per ct. 
22 8 378 5.6 
17 — 415 10 3.9 
9 — 6163 ela ber: Ss 
Ubeg 18) 430 15 0.4 

66 8 606 10 9.9 
There Lt) 406 8 2.08 
Seale 663 4 0.6 
De AD 740 4 0.4 

— 10 395 10 On2 

TABLE VIIJ.— Excess oF LIME IN CONTROL oF SCAB FUNGUS ON BALDWINS 

IN Dry WEATHER. 

Puiat No. Strength of mixtme. 

C.S. Lime Water 
le, oo Sy. Shed. cae ae eee ul —1 —50 
25 Too ate See Eee oe 2 —2 —50 
Br a 6 eee 3 —3 —50 
“ie, wth OR oh ES ee ae 4 —4 —50 
TRA oc ee Oe Check. 
(7, fe de eS iL —2 —50 
fli 2. AAS a 2 —4 —50 
ae er 3 —6 —od0 
oo oie BY Oe ee 4 —s —50 

FRUIT. 

Scabby. Without scab Scabby. 

Lhs. ozs. LL DSe 808s. Per ct. 
9 4 883 10 bl 
eS 937 4 0. 
Ope 1014 6 1.0 
4 -— 5G Tee ka. 0.7 

21 — 679 9 3.0 
10 2 881 6 11 
9° — 816 — 1 Ee 
a «i ES OR fa 
11 8 447 8 2e0 

TABLE [X.— Excess oF. LIME IN CONTROL OF SCAB FUNGUS ON GREENINGS 

IN Dry WEATHER. 

Piat No. Strength of mixture. 

C.S. Lime Water 
(i) 2s ee ee 1 —1 —50 
eR 8 Sy. holt foe) os 2 —2 —50 
Shy. a Se eee 3 —3 —50 
ALS OD hh og es 4 —4 —50 
MAME Grad 2 de soe a, Slee Check. 
(OAc). ae eo cr 1 —2 —50 
ie. 2. a ee 2 —4 —50 
Sle. 0 at —6 —590 
Ci 3 2 4 —8s —50 

FRUIT. 

Scabby. Without scab Scabby. 

Lbs. ozs, Lbs. ozs. Per ct. 
46 6 1185-7 10 oS 
a ee 803 15 ome 
28 4 976 12 DS 
DN ahs? 805 2 Ars 258 

185 1 983 9 15.8 
115 8 974 — 10.6 
165° 14 935 4 iWayee a 
Zh phd LOO 2 Sas: 2.6 
35 — 776 9 4.3 

ed 

A study of Table VII shows that in each plat two parts of 

lime to one of copper sulphate gives a materially smaller per- 
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centage of scabby fruit than where one part of lime was used to 

one part of copper sulphate. This result at least greatly strengthens 

the supposition, on theoretical grounds, that an excess of lime may 

be of value in wet weather in preventing too rapid dissolving of 

the copper sulphate. 

Tables VIII and IX show that in dry weather the double. quan- 

tity of lime hinders the fungicidal action of the bordeaux mixture. 
The Baldwins in the eight plats, Table VIII, do not show marked 

differences, but the fact that in the comparison of two parts lime 

with one part, in each case, the percentage of scab is less in the 

plats in which but one part is used is very significant. With the 

Rhode Island Greenings, Table IX, the differences are quite marked 

in favor of the one part lime to one part of copper sulphate mixture 
in dry weather. 

The experiment is a very strong confirmation of the statements 

of Lodeman, Clark, Schander and others, as noted above, that in 
dry weather an excess of lime is detrimental to the fungicidal prop- 

erties of bordeaux mixture. 

EXPERIMENT IV.— EFFECTS OF BORDEAUX MIXTURE MADE W1ITH 

VARYING QUANTITIES AND VARYING PROPORTIONS OF COPPER 

SULPHATE AND LIME. 

(a) As to injury.—The plats must be again subdivided to give 
fair comparisons. Taking the Rhode Island Greening tree in each 

plat sprayed during a rain, Table IX, page 275, the figures show 

that, with one exception, in the plats where equal quantities of 
copper sulphate and lime were used, the greater amount of cop- 
per sulphate the greater the injury. The exception is the un- 
explainable, abnormal 22 per ct. in the 1-1-50 plat. In the plats in 

the series where one part of copper sulphate and two of lime were 

used, the amount of injury increases markedly with the increase 

in the quantity of copper sulphate. Despite the capriciousness of 
bordeaux injury in rainy weather, the data given show, with the 

exception of the 22 per ct., that doubling the quantity of copper 
sulphate practically doubles the amount of bordeaux injury. 

Taking the remaining four trees in the eight plats, two Bald- 

wins and two Rhode Island Greenings, sprayed during dry weather, 

Table X, the experiment shows again that the more copper sulphate, 

the more injury. In each of the two series in this experiment, 

divided in accordance with the proportion of lime used, there is an . 

increase in injury, though not as uniform as in the case of the 

trees sprayed in rain, with the increase of the copper salt. 
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TABLE X.— EFFECTS oF BorpDEAUX MIxTURES MApE WITH VARYING PRro- 

PORTIONS OF COPPER SULPHATE AND LIME, 

FRUIT. 

PLatT Strengthof 
No. mixtures. : 

Injured. senna Injured. | Scabpy. ee Scabby. 

C.S.. Lime Water, Lbs. ozs. | Lbs. ozs. Per ci.| Los ozs.| Lbs. ozs. Per ct. 
5 ae EA ae 1 —1 —50} 94 Sai 2Z050\4..6 4.41 55 10) 2069 4 .6 
AS tt 2 —2 —50} 80 4/1697 5 4.5) 36 6 | 1741 3 -O 
Peet ee 3. —3 —50} 117 — / 1912 4&4 5.7) 38 2; 1991 2 Les 
pO a ae 4 —4 —50! 168 Dette ae lef 12.0" 26 15" |c 1373 -— 1.9 
As Poet ate Check. — — | 1861 13 —| 206 11 1663 2 11.0 
Oe oe 1 —2. —50 34 15 1946 1 VW} £25" -10 1855 6 Gro 
1 Gh ie ae 2 —4 —50| 44 6 | 1881 12 2,0) 174. 14 | 1751 4 9.0 
Soreit.: 3) —6 —50| 193 12 1991 13 8.8] 43 1 ee? 8 1.9 
Ose si 4 —s —50| 86 oh 1184 2 6.7|. 46 8 1224 al 3.6 

These results are in accord with what should be expected 

theoretically, and they certainly are in accord with the experience 
of apple growers throughout the State. Bain*® states the reason 

for the difference in effect between strong and weak bordeaux 

mixtures very clearly as follows: 

“In this connection attention may be called to the difference 

in action between so-called ‘strong’ and ‘weak’ bordeaux mix- . 

tures. One frequently sees in horticultural literature the mixture 
thus referred to, as if the copper were all in solution. The only 

difference between a one per ct. and a two per ct. bordeaux mix- 

ture properly made, so far as their fungicidal action is concerned, 

is that the latter contains twice as much solid copper hydrate as 

the former. From this consideration alone it is clear that a some- 

what larger percentage of the leaf surface will be in actual con- 

tact with copper particles when a certain amount of the stronger 

mixture is applied to a similar leaf surface, than when an equivalent 

amount of the weaker mixture is applied to the same surface. 

Moreover, it is plain that the larger surface of the copper hydrate 

exposed to the solvent action of the water standing on the ‘leaf 
in the case of the strong bordeaux, will produce a saturated solution 

of the copper in less time than would occur in a weaker mixture. 

This latter condition would come into play, probably, more during 

alternating showers and sunshine.” In the same paragraph he 

says: “But from actual experiment the writer has found very 

little difference between the effects of half and full strength 

bordeaux mixtures, and for the reasons here stated it may be 

“Bain (4, p. 95). 
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assumed that the difference in percentages of copper used in 

bordeaux mixture has, except within wide limits, very little to do 

with the action of the contained copper on the foliage.” I feel 

sure that this statement does not hold with apples and I should 

have to see definite data before I could believe that it is true with 

other fruits, though in practice I have seen instances in which injury 

was greater with weak than with strong bordeaux mixture in the 

same orchard. I take all such instances to be exceptions, however. 

(b) As to the control of the scab fungus. Tables II and X 

show that the percentages of scabby fruit on the check trees in 

all of the plats are low. In the average season, on the varieties 

in question, the percentages would run from four to six times as” 
high. The results in this season’s investigation do not, therefore, 

represent the average year. The experiments were not planned, 

primarily, to show the value of different strengths of bordeaux 

mixture in controlling the scab fungus; and no special study of 

this problem was made in the field. Therefore, the results to be 

given under the head of this topic are only interesting and 

suggestive. 

Table VII shows that with one Rhode Island Greening tree in 
each plat sprayed during rain, the percentages of scabby fruit 

decreased quite uniformly with the increase in the amount of copper 

sulphate in the mixture. Table VIII with two Baldwin trees in 

each plat, sprayed during dry weather, shows varying data in respect 
to strength of bordeaux mixture in controlling the scab fungus. 

The differences shown are so slight that: they are not out of the 

range of fortuitous variation. With the two Rhode Island Green- 

ing trees in the several plats, sprayed as were the Baldwins, there 

are somewhat marked differences between the least amount of 

copper sulphate and the greatest amount of the fungicide used, 

but the differences in the trees taken serially prove little or noth- 

ing; thus the 3-3-50 plat and the 4-4-50 plat give the same per- 

centages, 2.8 per ct. of scabby fruit; while the 2-4-50 plat gives 

4.5 per ct. more of scabby fruit than the 1-2-50 plat and the 4-8-50 

gives 1.8 per ct. more infected fruit than the 3-6-50 plat. 

The general trend of the results favors the stronger solutions 

in the control of the scab fungus; yet I believe, from observations 

made in a number of orchards sprayed with the weaker solution 

than the 4-4-50 now commonly used’in this State, that we shall 

find it practicable to decrease the amounts of copper sulphate and - 

lime to,at least 3-3-50 in spraying for apple scab. The difference 
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between these strengths shown in the three tables given are so 

slight as to be insignificant. The proof is positive, that the greater the 
amount of copper sulphate, the more the bordeaux injury; if, then, 

there be but little difference in the amount of scab on trees sprayed 

with 4-4-50 and 3-3-50, and if this should be in favor of the 

former strength, the less amount of injury from the weaker 

solution may offset the increase in the percentage of scabby fruit. 

This Station has used the 3-3-50 formula in the home orchards 

and in a ten-acre Baldwin orchard near South Greece, with ap- 

parently as good results as when much stronger mixtures were 

used. 

Piel Ce GON (OP RESULTS. 

We have no means of entirely preventing the toxic action of 

the copper salts in spraying fruits with bordeaux mixture. It 1s 

possible, and probable, that we shall discover some fungicide that 

will kill the germinating spores of fungi and not injure the plant. 
Until such a discovery be made, the problem is to spray so as to 

control fungi and yet injure the host plant as little as possible. 

While the investigations at this Station have by no means solved 

this complicated problem, they do afford a basis on which to make 

several practical suggestions to fruit growers. 

Immumty to bordeaux injury—A number of the apples most 

widely known in New York, as set forth on page 247 of this bul- 

fetin, are not injured, or but slightly, by bordeaux mixture. These 

may be sprayed without much fear of injury. On the other hand 

the sorts named as being susceptible to injury must be sprayed with 

“great care. Growers will find it worth while to distin guish between 

varieties in their spraying operations. 

Immunity to scab fungus—A number of commonly cultivated 

apples are nearly immune to attacks of the scab fungus. <A partial 

list of these is: Alexander, Ben Davis, Gano, Hubbardston, Olden- 

burg, Red Astrachan, Rome, Roxbury, Sutton, Tompkins King, 

1olman Sweet, Wealthy, Yellow Newtown, Yellow Transparent. 

All of these, and others possibly, need comparatively light applica- 

tions of bordeaux mixture in the average season. 

Less copper suiphate-— The results of the experiment with 

different quantities of copper sulphate in bordeaux mixture are 

not conclusive enough to lead me to state positively that the firuit 

_ grower can use less of the copper sulphate than in the 4-4-50 

formula now in common use. But the investigation indicates 
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that the differences between the 3-3-50 and the 4-4-50 formulas, 

as regards apple scab, are so small that the one is practically as 

efficient as the other as a fungicide, while it is certain that the 

weaker solution will produce less bordeaux injury. I recommend, 

therefore, a thorough trial of the 3-3-50 formula. 

Excess of lime.— Investigations in the orchards of the State, 

information from other apple regions, and the season’s experi- 

ments prove conclusively that an excess of lime will not prevent 

bordeaux injury nor greatly lessen tt. Therefore, a formula con- 

taining no greater excess of lime-than one part to one part of cop- 

per sulphate is advised. 

Moderation in spraying.— Moderation in the quantity of bordeaux 
mixture applied is recommended. The experience of fruit growers 

is that, the more liquid they apply, the greater the injury. From 

theory, such a result can be assumed. Power sprayers, now to be 

found in nearly every commercial apple orchard, are partly ac- 

countable for the great increase in bordeaux injury. Spray to 

cover the foliage and fruit with a thin film and yet not have the 

trees drip heavily. 

The modern nozzle, which breaks the stream into a fine spray, 

thus bringing the particles of copper salts in contact with a greater 
percentage of the leaf surface and exposing them to a greater 

degree to the solvent action of moisture, is a factor in bordeaux 

injury. But the fine spray for these same reasons increases the 

fungicidal value of bordeaux mixture and it is not therefore ac- 

visable to discontinue the use of nozzles which produce such a 

spray. 

Weather and spraying.—In the past it has been the custom to 

spray, rain or shine. These investigations show plainly that spray- 

ing in rainy, foggy, damp weather favors the production of 

bordeaux injury. So far as possible the bordeaux mixture should 

be used only in dry weather.. A slightly greater excess of lime 

may be used in wet weather than in dry weather. Since May is 

wet and June is comparatively dry, the time of spraying, whether 

early or late, may modify practice as to the use of lime. I doubt 

if the danger is great to fruit or foliage of the apple from bordeaux 

mixture in this State after July. 

In conclusion.— Bordeaux mixture is still the best fungicide. 

Spray injury is a serious matter, but apple scab is worse. No 

fruit grower can afford to give up the use of bordeaux mixture m. 

fighting apple scab. It is to be feared that because of the very 
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-small amount of the apple scab fungus during the past few years, 

and because of spray injury, some who have previously used the 

copper compound will not use it in the future. Such a-course will 

be a mistake for there are sure to be years with apple scab and 

corresponding losses in unsprayed orchards. 
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MeN GING HERBACEOUS PLANTS.* 

U. P. HEDRICK, O. M. TAYLOR anp RICHARD WELLINGTON. 

SUMMARY. 

I. The objects of ringing are: To cause unproductive plants to 

set fruit; to increase the size of the fruit and thereby the pro- 

ductiveness of the plant; and to hasten the maturity of the fruit. 
2. Many woody plants, especially the apple and grape in 

America, have been advantageously ringed. But the operation 

does not seem to have been used on herbaceous plants though 

theoretically it can be practiced as well on exogenous herbaceous 
plants as on woody plants. 

3. This Bulletin is a report of experiments in ringing two 

herbaceous plants, the tomato and the chrysanthemum, chosen 

because their product and the manner of growth of the plants 

should show most advantageously the effects of ringing. 

4. In ringing, a wound is made through the cortex and the 

bast of a plant. Usually a band of bark of greater or less width 

is removed. Plants are ringed during the period of growth when 

the bark peels most readily from the wood. 

5. The theory upon which ringing is founded is: That un- 

assimilated food passes from the roots of the plant to the leaves 

mainly through the outer layer of the woody cylinder. The 

assimilated food is distributed through vessels in the cortex of 
the inner bark. When plants are ringed the flow upward con- 

tinues but that downward is checked and the top of the plant 

is thus supplied with an extra amount of food at the expense 

of the parts below the ring. 
6. Ringing is unnatural and while it may favor some of the 

organs of a plant must be harmful to the plant as an individual. 

7. There are other means of securing the ends attained by 

ringing, as the bending or the twisting of shoots, which should 

be less harmful to the plant than ringing. 

8. Tomatoes were ringed in the winter of 1905—'06; the variety 
was Lorillard; the soil a good greenhouse loam; plants were 

* A reprint of Bulletin No. 288. 
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trained to single stems. The members of one group of plants 

were ringed as soon as the second cluster of fruits had set; those 

of a second group, when the fourth cluster had set. Plants in a 
third group were unringed. 

g. Ringing consisted of removing a five-eighths inch strip of 

bark, cutting through to the woody tissue. 
10. The heights of the stems were not affected; but irregular, 

bunchy swellings of greater or less size were to be found above 
all of the rings. There was a tendency toward the thickening 

of the whole stem above the wounds. These swellings were 

probably caused by stored food. 

I1. Ringing had no effect on the time of maturity of the fruit. 

12. The average number of fruits per plant was reduced 18 

per ct. by the first ringing and Io per ct. by the second ringing. 

The average loss in weight per plant due to the first ringing was 

16 per ct.; to the second ringing, 12 per ct. In the first ringing 

there was a gain of six one-hundreths of an ounce in the average 
fruit; in the second ringing, a loss of five one-hundreths of an 

ounce. 
13. There were no differences to be noted in regard to either 

the color or the flavor of the fruits from the ringed plants. — 

14. The foliage of the ringed plants was more or less abnor- 

mal, taking on a curved, pendant position with elevated cushiony 
areas and este very succulent tissue. There was a slight yel- 

lowing in the foliage of ringed plants showing an unhealthy 

condition. 

15. The roots of ringed plants were less well developed, fewer 
in number, and smaller in size. The root system seemingly 

suffered from starvation. 

16. Several varieties of chrysanthemums were ringed in the 

autumn of 1906; the plants were trained to single stems; the 
grouping and the manner of ringing were as with tomatoes. 

17. The first group was ringed just as the buds appeared; the 

second group when buds were one-third grown, the interval 

between ringing being about two weeks. 

18. The foliage began to show injury about one month after 

ringing. The upper leaves of many plants had a slight yellowish 

tinge and portions of some of them turned reddish purple. This 

trouble gradually increased until the end of the experiment when 

the foliage of some plants was ruined. 

19. As with the tomatoes, the stems were more or less swollen}; 

considerably so just above the ring and somewhat throughout 

the entire upper part. Ringing decreased the height of the plant. 
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20. The first ringing hindered the opening of the buds in ail 

the varieties except one; the second ringing slightly hastened 

the maturity of all except one. 

21. The size of the blossoms of all the varieties was reduced 

and the earlier the ringing the greater the injury. 

22. The effect of the ringing on the roots of the plants was to 

decrease their number and lessen their vigor. Ringed plants 

produced almost no suckers. ‘The first ringing harmed the 

roots most. 

23. It is very doubtful if ringing can be made beneficial to 

herbaceous plants. The loss to the plant is great and there 

seems to be little or no compensating gain. 

24. The deleterious effects of ringing on herbaceous plants are 

so marked that the query arises as to whether woody plants do 

not suffer in similar degree and the operation possibly cause a 

greater loss to the plant than is gained in the product. 

IO 
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INTRODUCTION. 

The ringing of woody plants is a well known horticultural 

practice. Its objects are: To cause unproductive plants to set 

fruit; to increase the size of the fruits and thereby the produc- 

tiveness of the plant; and to hasten the maturity of the fruit. In 

European countries particularly, all of the tree fruits are sub- 

jected to the process, but in America only the apple and the 

grape are advantageously ringed. Among others in this country 

Booth? and Goodman? have described the ringing of apple trees 

while Paddock? has published a bulletin from this Station on 
ringing grape vines. 

Strange to say, ringing seems to have been applied almost 

exclusively to woody plants, though theoretically it can as well 

be practiced on many exogenous herbaceous ones. In practice, 

so far as known, herbaceous plants are never ringed and there 

seem to have been but few experiments to determine the effects 

of such an operation, though opportunity has not offered t) 

review carefully foreign literature that might contain accounts 

of experiments in ringing. The only accounts of ringing her- 

baceous plants that have been found are by Sablon,* Daniel® and 

Hedrick.® 
If ringing would bring herbaceous plants into fruiting, in- 

crease the productiveness, and hasten the maturity of the prod- 

uct, as with grapes and apples, the operation would be of especial 

value in growing some greenhouse plants, since the qualities 

mentioned are essential to success in growing commercial crops 

under glass. It would commend itself, too, because the devitali- 

zation which eventually follows the ringing of plants would be 

of little consequence with most of those grown in the green- 

house, since they are grown for but one or two seasons and then 

discarded. 

‘Booth, N. O. Rural N. Y., 59:621. 1900. 

2Goodman, L. A. N. Y. State Fruit Growers’ Association, An. Rpt., 5:59. 

1906. 
3 Paddock, W. N. Y- Sta. Bul. 151. 1808. 

*Sablon, Leclerc du. Compt. Rend. Acad. Sci. (Paris), 140:1553-1555. 

1905. | 

>Daniel, L. Compt. Rend. Acad. Sct. Paris, 131:1253-55. 1900. 

® Hedrick, U. P. Amer. Florist, 17:729-730. 1901. 
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This Bulletin is a report of experiments with two plants, the 

tomato and the chrysanthemum, to ascertain what the effects of 

ringing may be on herbaceous plants. Daniel has reported, in 

the reference given above,®> marked increase in the size of the 

fruits of the egg-plant and tomato; and work done in 1go1 under 

the direction of one of the authors, as noted above,® seemed to 

show an increase in the size of the flower of the chrysanthemum 

and a slight acceleration in time of blooming. The effects indi- 

cated in these reports gave some promise of a favorable outcome 

of the experiments in the way of positive results at this Station. 

Such has not been the case, but the results are nevertheless of 

interest though negative. They show, more plainly than :could 

similar experiments on woody plants, the effects of ringing on 

plant organs and on the growth of the plant; and thus become of 

interest to the fruit-grower as well as to the gardener and florist. 

RINGING. 

The term “ringing” is one given to the making of a wound 

through the cortex and bast of a plant. It may consist of a 

simple cut made with a knife, or a band of bark of greater or less 

width may be removed. In horticultural practice the operation 

is performed during that period of growth when the bark peels 

most readily from the wood—the period of greatest cambial 

activity. This term is to be preferred to “ girdling” since the 
latter is used to designate a wound which extends into the wood 

of a plant for the purpose of killing it. The French phrase for 

the operation, “ décortication annulaire”’ (annular decortication), 

is more exact than either ringing or girdling. 
The theory upon which ringing is founded is a simple one. 

Crude, unassimilated sap passes from the roots of a plant to the 

leaves mainly through the outer layer of the woody cylinder. 

In the leaves this raw material is acted upon by various agents 

and is distributed to the several organs of the plant through 

vessels in the cortex, or the inner bark. When plants are ringed 
the upward flow of sap continues nearly as before the operation, 

but the newly-made food compounds can not pass below the 

injury, accumulate above it, and are supposed to supply the top 

of the plant with an extra amount of food at the expense of the 

® Daniel, L: Compt. Rend. Acad. Sct. Paris, 131:1253-55. 1900. 

® Hedrick, U. P.. Amer. Florist, 17:729-730. 1901. 
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parts below the ring. When the bark is removed the outer 

layers of wood dry out very quickly and because of this the up- 

ward flow of sap is also checked somewhat through evaporation 

from the exposed woody cylinder. 

Ringing is unnatural and while it may favor some organs of a 

plant must be harmful to the plant as an individual. It could 

be of value with herbaceous plants in the ways that have been 
enumerated only as an exceptional treatment to secure some 

particular end and in cases where the plant or branch could be 

sacrificed for the current season’s product. 

The experiments recorded here have had to do with ringing 

only. There are other means of securing the ends attained in 

ringing woody plants and they are worth trying with herbaceous 

plants, especially as most of them are less harmful to, the plant 

than ringing. Thus the bending of shoots causes uneven dis- 

tribution of the elaborated plant food whereby some parts of the 

plant are favored; so, too, twisting, whereby the bark is loosened 

from the wood, causes a diminution of the upward flow of raw 

material and supplies the buds above the twist with more than 

their natural amount; notching and peeling the stems are similar 

operations used on woody plants but not adapted to most her- 

baceous plants. 

RINGING TOMATOES. 

A test of the value of ringing tomatoes was made in the Sta- 

tion greenhouses during the winter of 1905-’06. The experiment 

was in the hands of O. M. Taylor, Foreman in Horticulture, who 
gave every detail of the experiment close attention. The experi- 

ment was carried through under the most favorable circum- 

stances, the plants being extra fine and all conditions normal. 

The plants—The variety grown was the Lorillard, one of the 

best forcing sorts. The seeds were sown in small boxes Au- 

gust 1. The young plants were pricked out into two-inch pots 

August 16, and were shifted into four-inch pots September I. 
The plants were benched September 16. A selection for the ex- 

periment was made from several hundred plants, using only 

those of uniform size and vigor. Two rows were set in each 

bench with the rows two and a half feet. apart. The plants were 

two feet apart in the row, with spaces alternating. 

Soil The soil used consisted of a mixture of three parts rotted 

sod, one part sand, and one part compost. This mixture con- 
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tained an abundant supply of plant food during the earlier period 
of the growth of the plants. After several clusters of fruit had 

set and the soil had become well filled with roots, a thin coating 

of well rotted stable compost was given. 

Temperature.— A temperature suitable for tomatoes was main- 

tained throughout the experiment. The night temperature aver- 

aged 60°-65° F.; the day temperature ranged from 15°—25° 
higher, depending on outside conditions. 

Training the plants—Al\l plants were trained to single stems 

which were tied to vertical wires as growth developed. Laterals 

were removed as occasion required. Toward the end of the ex- 

periment the lower leaves of all plants were removed as fast as 

they developed the yellowish tinge which indicates that they are 

reaching maturity. 

Ringmg.— The plants were divided into three groups. The 

members of the first group, Numbers 1, 4, 7, etc., were ringed as 

soon as the second cluster of fruit had set. Those of the second 

group, Numbers 2, 5, 8, 11, etc., were ringed when the blossoms 

of the fourth cluster of fruit had set. Plants in the third group, 

Numbers 3, 6, 9, etc., were unringed and were the controls. 

The first group was ringed on October 18. At this time nearly 

all blossoms in the second cluster had set and the first blossoms 

of the third cluster were opening. The second group was ringed 

on October 31. At this date the fourth cluster had set fruit and 

several blossoms of the fifth cluster were open. 

The plants were ringed directly below the leaf which devei- 

oped under the first fruit cluster. A five-eighths inch circular 

strip of the outer layer of tissue was removed, cutting through - 

to the hard woody tissue. In making the cut a curved two- 

bladed knife was used, so that the width of material removed 

would be the same in every case. As the stems of tomatoes are 

irregular in outline, the knives cut slightly deeper at the ridges 

than at other places. The cut surfaces were examined from time 
to time during the experiment and all callus which formed in 

the effort to heal and bridge over the wound was removed. The 

wounds dried very quickly after the removal of the bark and 

callus began to form almost at once. In no case could any 

immediate ill effects to the plant from the ringing be discovered. 

The appearance of the ringed stems at the close of.the expert- 

ment is shown in Plate XXI. The stems of all plants were more 

or less enlarged directly above the point of ringing. 
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Effect on the stems.—At the time of the first ringing, on October 

18, all plants were measured as to height. The average height of 

group I was 35.54 inches, group 2 was 34.65 inches, and group 3 

was 33.71 inches. These measurements showed that the plants 

were very uniform in height at the beginning of the experiment. 

At the close of the experiment, on January 12, the heights of the 

plants were again taken but it could not be discovered that the 

differences in the heights in the three groups had changed in 

the least. 

As can be seen in the accompanying illustration, Plate XXI, - 

there was a most marked effect upon the stem and especially on 
the part just above the ring. Irregular, bunchy swellings, of 

greater or less size, were to be found above all of the rings. 

There was some tendency toward a general thickening of the 

whole stem above the wound and with some plants a decided in- 

clination toward fasciation. It is to be supposed that the swell- . 

ing came from stored food, though most unfortunately no 

analyses were made of the stored material. 

Effect on the maturity of the frut.— Record was kept of the 

date of opening of the first blossom of each plant. The average 

date of coming into bloom was very uniform for the three groups, 

being September 29 for Groups I and 2 and September 30 for 

Group 3. The first fruit picked in any quantity was on November 

10, at which time a small and nearly uniform yield was obtained 

from all of the groups. During the progress of the experiment, the 

ripe fruits were picked twice each week, counted and weighed. 

The average dates of the first pickings were for first ringing, No- 

vember 18; second ringing, the 16th; and for the check plants, the 

18th. Thus it is seen that the ringing had no apparent effect on the 

time of maturity of the fruit. The general character of the plants 

at early and late stages is shown in Plates XXII and XXIII. 

Yields.— The data in regard to number and weight of fruits 

for the first half of the experiment are given in the first sec- 

tion of Table I which includes the yield up to December 14 

inclusive. 
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‘TABLE ].—,EFFECT OF RINGING ON YIELD OF RIPE TOMATOES. 

EARLY YIELD, NOVEMBER IO-~DECEMBER I4. 

, Average | Average Average 
Total Total Total : : 

number | number | weight of Fah cab cbae peeye of accu oF 
plants. fruits. fruits. Pea ce PUL PY Ey ee eee 

plant. plant. fruits. 

sgh Ozs. | aS Ozs. 
1st yo 2h SE a 45 460 | 1769.8 LOD Fe eS Fr Gi AA es Aen pe 
moarringing si 8). 46 509 1920. Vt od AST OM, PA Taupe 
NOI Ce a a Fs wih ds 46 484 es eas: 10°05 39. Oe oo oe ee 

TOTAL YIELD, NOVEMBER IO-JANUARY I2. 

JS gous Se a 45 876 2833. 19.5 63. aeeo 
PMGMINOIN, see. fl. 46 978 3054.2 2193 66.4 ayn bye 

SPO fea Neel ota 46 1093 3464.5 2348 To. 3 ai 

An examination of this part of the table shows that there 

was practically no difference between the plants of the first 

ringing and the check in the average number of fruits per 

plant or weight of the fruit. The second ringing appears to 

have increased the average number of ripe fruits slightly with 

a corresponding increase in weight. These differences are not 

large enough to be beyond the range of fortuitous variation and 

yet since all conditions were so uniform in the experiment 

they may be taken as an expression of actual gain for the second 

ringing. 

The results for the entire experiment are given in the second 

half of Table I. This gives the record of ripe fruit to January 

12 at which time the experiment was discontinued, as the bulk 

of the crop had then been ripened. The results do not include 

tle unripe fruits on the plants on January 12. 

These figures show that the average number of fruits per plant 

was reduced 18 per ct. by the first ringing and Io per ct. by the 

second ringing. ‘The average loss in weight per plant due to the 

first ringing was 16 per ct., and the loss due to the second ringing 

was 12 per ct. There was but little variation between the average 

weight per fruit in the different groups, the difference in the case of 

the first ringing being a gain of only six one-hundredths of an 

ounce, and in the second ringing a loss of five one-hundredths of 

an ounce. These differences are not worth considering. 

Effect on color and flavor of fruit— With the tree fruits and 

the grape, ringing usually changes the color and the flavor of the 

product. The color in most cases is heightened and the quality 

is not so good. Because of differences in these respects, horticul- 
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tural societies often refuse to award premiums. to fruits which 

have been modified in this way. In this experiment with the 

tomato, however, there was no difference to be noted in regard to 

either color or flavor. Daniel’ reports that the product of ringed 

tomatoes and egg-plants in his experiments lacked flavor and that 

the deterioration was very marked. He says that the “ flavor was 

insipid and less savory’ than with fruits on unringed plants. 

Effect on foliage.— The foliage of the ringed plants was more 

or less abnormal but not nearly so much so as with the chrysan- 

themum. The foliage of forced tomatoes not infrequently takes 

on a peculiar curved pendent position with elevated cushiony 

areas, more succulent than on normal plants. This abnormal | 

condition results from derangement of the cell tissue because of 

the disturbance of the physiological processes. When exagger- 

ated, this condition becomes a disease, the cedema of the tomato, 

named and described by Atkinson. The plants of the ringed 

tomatoes seemed to suffer from a mild case of cedema. Accord- 

ing to Atkinson cedema is brought about® “ by an excess of water 

which stretches the cell walls, making them very thin and the 

cells very large.’ It would seem from theoretical considerations, 

and from the behavior of the plants’ as well, that ringing, in 

checking the flow of plastic material downward, causes an ex- 

cessive quantity to be stored in the leaves and in this way brings 

on the swelling and the distortion of certain parts known 1s 

cedema. ‘There were slight differences in color to be noted in the 

foliage of ringed and unringed plants, probably due to the break- 

ing down of the stretched cell walls, causing the death of the 

cells and consequent injury to the adjacent parts followed by the 

yellowish tinge indicating diseased or dead tissues. 

Effect on the roots —The theory of ringing, to promote fruit- 

fulness by keeping the prepared plant food in the top of the 

plant, acknowledges that the top is fed at the expense of the 

roots. Should the wound of the ring never heal over, the roots 

must starve and die unless there should be foliage below the ring 

to support them. The roots of the ringed tomatoes in this 

experiment showed the effects of this starvation. As with the 

chrysanthemum roots illustrated in Plate XXIV they were less in 
number and of smaller size. 

" Daniel, Lo. Compt... Rend. Acad... Scr’ (Paris), 131: 1253-55. 4. oo 

* Atkinson, Geo. F. N. Y. Cornell Sta. Bul. 53. 1893. 

° Idem, p. 107. 
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RINGING CHRYSANTHEMUMS. 

To test the effect of ringing chrysanthemums, the following 

varieties were ringed in the fall of 1906: Ivory, Major Bon- 

naffon, Nagoya, White Bonnaffon and William Duckham. In 

most respects the experiment was a duplicate of the one with 

tomatoes. The experiment was in charge of Richard Wellington, 

Assistant Horticulturist. 7 
Propagation.— The rooted cuttings of these varieties were potted 

in four-inch pots on May 7 and on June 18 one hundred plants 

of each of the above varieties were selected and benched in the 

greenhouse. The rows were I2 inches apart and the plants were 

set with intervals of 9 inches in the row. 
Soil The soil used in the benches consisted of seven parts 

of rotted sod, five parts of well rotted stable manure, and two 

parts of sand, the whole thoroughly mixed. The chrysanthemum 

is a gross feeder and for a further supply of plant food an inch 

of well rotted stable compost was applied just as the buds began 

to form. 
Pruning and training— The plants were pruned to produce 

one terminal bud each. During the experiment the suckers and 
side shoots were kept in check by pinching. As the plants be- 

came topheavy they were tied to a wire trellis. It was thought 

that by training to a terminal bud, thus concentrating the whole 

energy of the plant in one blossom, whatever effect there might 

be from the ringing would be better shown. 

Grouping.— The plants were divided into three groups. The 

plants in the first group, which consisted of every third one in 

the row, commencing with the first plant, were ringed Septem- 

ber 17; those in the second group, which consisted of every third 

plant in the row commencing with the second plant, were ringed 

October 5; and those in the third group, which consisted of every 

third plant in the row commencing with the third plant, were left 
as checks. 

Ringing.— When the first plants were ringed the buds had just 
appeared and the bark was in a very succulent condition, peeling 

readily from the stems. At the time of the second ringing the 

buds had increased considerably in size and the bark had become 

less succulent, especially on the Ivory and William Duckham 

varieties; the bark peeled far less easily than with the first group. 
A penknife was used in removing the bark from the stems. 

Two horizontal cuts, five-eighths of an inch apart, were made, 
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encircling the stem about 5 inches above the ground. ‘The ring 

was split by a vertical cut and the bark was easily peeled from 

the woody cylinder. The process was concluded by scraping 

the bared portion with the edge of the knife to remove all of the 

cambium tissue. The wounds dried almost immediately and 

the plants suffered no appreciable ill effects from the ringing. 

Effect on foliage-—QOn October 19, the foliage of the first 
ringed plants of the varieties Ivory, Major Bonnaffon, Waite 

Bonnaffon and William Duckham had begun to show ill effects 

from the ringing. The upper leaves of many of these plants 

had a slight yellowish tinge and portions of a few leaves of 

the same plants, exposed to the direct sunlight, had turned 

reddish purple. This coloring was undoubtedly due to a 

physiological disorder, since no fungi nor bacteria were present. 

At the end of the following week all the plants in Group 

rt and a few Ivory and William Duckham plants in Group 

2 showed the effects of the ringing. The yellow and reddish 

purple colors were, however, more pronounced on the group 

first ringed than on the second ringed plants. By the first of 

November all the ringed plants in Group 2 showed similar 

changes in color. ‘This trouble increased gradually. As with 

the tomatoes, the leaves were curved and pendent, with the 

elevated cushiony areas and succulent tissue indicating a severe 

disturbance of the physiological processes. By the end of the 

experiment, several of the ringed plants were so badly affected 

that they were worthless. 

Effect on the stems.—As the plants of the three groups of 
the same variety varied in height, measurements were taken 

two days before the cutting commenced. These measurements 

are given in Table II. The plants in Group I averaged 2.4 

inches less and the plants in Group 2 % inch less than the 

check plants. 

As with the tomatoes, the stems were more or less swollen, 

sometimes greatly so just above the ring. So, too, the swell- 

ing throughout the entire upper part of the stem was noticeable 

and there was also the same tendency to fasciation as with the 

tomatoes. ‘The swellings were most marked on Group I. See 

Plate XXIV. 

The stems of one of the varieties, Nagoya, showed numerous 

small, wartlike outgrowths scattered over almost the entire 

length. These protuberances were much more numerous and 
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more highly developed on the ringed than on the unringed 

plants, and specially so on the swollen parts just above the 

rings. These outgrowths were light brown in color; stuck out 

sharply from the stems; and were composed of parenchymatous 

tissue with a trace of woody tissue in the central portion. From 

the fact that when damp moss was tied about the stems the 

outgrowth developed into true roots, there can be no doubt but 

that they are rudimentary, zrial rootlets. The point of special 

interest is that the formation of these.rudimentary organs was 

greatly favored by the ringing. 

TABLE -II.— Errect oF RINGING ON HEIGHT OF (CHRYSANTHEMUM PLANTS. 

EE ga eS SS EE SE SERIO LERT TERS OTIS RS AE EE OEE SP SS SE EE TR tS NEESER, | 

EARLY RINGING. LATE RINGING. NOT RINGED, 

VARIETY. Number Number Number 
& of Average of Average of Average 
plants height. plants height. plants height. 
ringed. tinged, ringed. 

: Ft. Ft. Ft. 
PME Mam ay Soyer es lk Vende ia 34 2.86 34 2.88 32 2.96 
Major Bonnaffon........ 34 | 3.64 34 | ed 32 3.78 
ee ae 32 | 4.68 Bo be 476 31 4.88 
White Bonnaffon........ 34 2.80 34 Dk So SING 
William Duckham....... 34 3.58 34 38 32 BLO 

meverage heightie.b.. s|ojaies/ae ss Bie OA Alateds oes le 3. Oa Wr gh an Sas 
| 

Effect on maturity of blossoms.—A record was taken each 
week, commencing October 20 and ending November 13, of 

the date when the buds began to open, when half opened, and 

when fully opened. ‘These results are given in Table III. A 

few White Bonnaffons and several Nagoya buds had not matured 

at the later date. From the above data the following con- 

clusions can be drawn: The first ringing hindered the opening 

of the buds in all varieties except the Major Bonnaffon; tne 

second ringing seemed to very slightly hasten the maturity of 

all the varieties with the exception of Nagoya. 
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Effect on size of blossoms.— The diameters of all the blossoms 
that matured were taken and these are given in Table IV. The 

blossoms in Group I averaged .48 inch less, and the blossoms 

in Group 2 averaged .11 inch less than those in Group 3. These 

results, as in the case of the measurements of the height of 

the plants, indicate a direct injury to the plant through ringing 

and that the earlier the ringing the greater the injury. 

TasLeE IV.— Errect or RINGING ON SIZE OF CHRYSANTHEMUM BLossoMs. 

EARLY RINGING. LATE RINGING. NOT RINGED, 

VARIETIES. 
Number | Average| Number | Average! Number | Average 

of mature | diame- | of mature | diame- | of mature | diame- 
blossoms. ter. blossoms. ter. blossoms. ter. 

Ins. Ins. Ins. 
PEM Re Wiglhs Sp s\n me as « 34 aie 34 3.84 a2 3.84 
Major bonnation® ..... 1! 34 4.39 34 ne ae DO 
RO Cie ee a 5 4.45 28 4.51 28 4.70 
White Bonnaffon........ 30 4.00 33 4.43 30 4.66 
William Duckham....... 33 4.39 34 4.81 32 4.99 

PVEtaPee CiaMeLer.< .f't. tt ein. cs (OG Riri Om eae ys Bes xe "ad aes Mee wir ch 4.65 

Effect on roots.— The effect of the ringing was very conspicuous 
on the roots of the plants, as is shown in Plate XXIV. The-roots 

of the plants of Group 1 were weak and few in number; the 

roots of the plants of Group 2 were more abundant and slightly 

stronger; while the roots of the plants in Group 3 were very 

numerous and strong. The difference was still further marked 

by the sprouts which had been produced by the plant for future 

growth. The roots of the plants in Group 1 had but 1.7 

per ct. as many sprouts as Group 3, while the roots of the plants 

in Group 2 had but 17 per ct. as many sprouts as Group 3. 

CONCLUSION. 

The outcome of the experiments in ringing tomatoes and 

chrysanthemums is not promising for the ringing of herbaceous 
plants. It is true that these experiments cover but two species 

of plants, but both are species which, because of their vigor, 
the nature of their product, their manner of growth, and other 

qualities should show most advantageously the effects of ring- 

ing. It is true also that the time, manner, and place of ringing 
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might be varied with these and other species and give some- 

what different results. But the deleterious effects of the treat- 

ment were so marked on several plant organs, and especially 

the root system, that it is extremely doubtful whether varying 

the method of ringing, on these species at least, could have 

given widely different results. 

It is shown by most of the experiments in ringing woody 

plants that there is considerable loss in the economy of several 

plant organs; there is, however, with the apple and grape among 

woody plants some compensating gain in other organs, chiefly 

the fruit. Why is there not such a compensating gain in 

herbaceous plants? This is a question for the plant physi- 

ologist. Meanwhile it does not seem that in practice the fruit 

grower is finding the ringing of plants, except in rare cases, 

a valuable orchard or vineyard operation. The gains scarcely 

offset the losses. The investigation here recorded shows that 

the loss in the root and leaf systems in particular of herbaceous | 

plants is most severe. Is it not more than likely that there is 

a similar loss to these organs in woody plants, thereby account- 

ing for their decrease in vigor? 
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SUMMARY. 

1. Because of the condition of growth of the plant, manner 

of development of the product, and nature of both plant and 

product, the apple is difficult to deal with experimentally in 

the matter of fertilization. | 
2. The apple growers in New York should give attention to 

the fertility of their soils; for the orchards are growing old; 

the soil of some orchards was not originally fertile; and double- 

cropping has exhausted the fertility of many orchards. 

3. This experiment has to do with potash, phosphoric acid 

and lime as found in wood ashes and acid phosphate. It was 

begun in 1893 and completed in 1904. 

4. The seat of the experiment is a 55-year-old orchard on - 

the Station grounds. The location is a sloping upland with a 

medium heavy clay soil. The orchard had been in grass for 

Several years before the experiment. | 

5. Throughout the experiment the orchard was given clean 

cultivation until about August 1 and was then seeded to a 

cover crop of oats, barley or clover. 

6. The trees were 43 years old when the experiment was 

started. There were 94 trees in the test representing the fol- 
lowing varieties: Baldwin, Fall Pippin, Rhode Island Greening, 

Roxbury and Northern Spy. The orchard was divided into 

eight plats, four treated and four untreated. 

7..Wood ashes were applied to the treated plats at the rate 

of 100 pounds per tree or 4,800 pounds per acre. During the 

last seven years of the experiment acid phosphate was applied 

at the rate of 8'%4 pounds per tree or 408 pounds per acre. 

Calculations made from analyses of the fertilizers show that, 

‘A reprint of Bulletin No. 280. 
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on the average, 169 pounds per acre of actual potash were 

applied each year; 72 pounds of phosphoric acid from the ashes 

and 57 pounds from the acid phosphate; and lime at the rate of 

32 pounds per tree, 1,536 pounds per acre. The amounts are 

in excess of the usual recommendations of these fertilizers for 

apples. 

8. The effects of the fertilizer were measured by two stand- 

ards, yield of fruit and color of fruit. 

g. The annual averdge increases per tree on the treated plats 

for the several varieties were, in bushels, as follows: Fall 

Pippin, .1.05; Roxbury, 2.65; Rhode Island Greening,— 0.34; 

Northern Spy, 2.55; Baldwin, 0.28. 

10. From a financial standpoint the results are practically nega- 

tive. The estimated increase in value of the crop on the treated 

plats for a hypothetical five acres is $99.00. The estimated value 

of the fertilizers for the above area is $74.50, leaving a gain of but 

$24.50, which does not more than pay for handling the fertilizers. 

11. An interesting fact is that both treated and untreated 

plats increased markedly in yield from 1893 to 1904. The 

probable explanation is, that prior to 1893 the orchard was in 

sod, but during the experiment was kept under cultivation and 

grew more productive under the treatment. 

12. The results as to color of fruit lack uniformity and were 

not decided enough in a sufficient number of the twelve seasons 

to enable us to state that the fertilizers applied improved the 

color of the apples. The influence on color was most marked 

in the seasons. when the climatic conditions were unfavorable 

to the development of the fruit. 

13. This experiment shows that 57 years of orchard crop- 

ping has not reduced the soil of the Station orchard to the 
condition where it needs a “complete” fertilizer. The fact 

that plowing under leguminous crops gives beneficial effects 

in the orchard shows that the soil is having a one-sided wear. 

It needs nitrogen and humus rather than potash and phos- 

phorie acid. 
14. The results of this experiment should not lead the fruit 

grower to conclude that his soil does not need the nutrients 

supplied. They suggest, however, since the soil of the Station 

orchard is an average piece of soil for western New York, that 

there may be many other orchards in the State that do not 

need these fertilizers. ‘ 
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15. The fertilizers applied may not have been thrown away. 

Phosphoric acid, potash and lime will remain in the soil for 

a time at least. 

16. The practical application of the results obtained by this 

experiment is that fruit growers should not apply manures in 

quantity until good evidence has been obtained as to what 

food elements, if any, are wanted in the soil. 

17. As long as trees are making good wood growth and _ pro- 

ducing average crops of well colored fruits, it may be taken 

as granted that they need no additional food from fertilizers. 

If the contrary be true the fruit grower should put in operation 

tests with fertilizers to ascertain what plant foods his soil 

needs. 

THE PROBLEM OF ORCHARD FERTILIZATION. 

Feeding the apple tree is a complex problem. There is a 

series of phenomena in the growth of all orchard trees very 

difficult to deal with in fertilization. Among these are: The 

perennial nature of the plants; the several seasons of growth 

before a crop is borne; the continuous cropping without chance 

for rotation; the facts that tree growth must proceed with fruit 

development, and that a whole season is required for the de- 

velopment of the fruit; the uneven production in different varie- 

ties and on different trees; and the necessity of the storage of 

plant food in bud and branch. These form a set of -conditions 

so different from those encountered in growing general farm 

crops that the practices in fertilizing cereals and herbaceous 

plants do not apply to orchard trees. 

Because of the nature of the plant and of its products, as set 

forth above, it is exceedingly difficult to measure the value of 

fertilizers in an apple orchard, and this complicates the problem 

of their use still more. Thus, who can give the relative values, 

as measures of the worth of manurial treatment, of size of tree, 

number and area of leaves, the fruit and its qualities, and such 

abstract characters as hardiness, productiveness, longevity and 

early bearing? Again, the effects of added or modified plant 

food cannot be seen in an orchard in one season, as with farm 

“crops, but several seasons are required to gauge their influence 

with satisfactory accuracy. 
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The apple growers of New York should be especially inter 

ested in maintaining and increasing the fertility of their soils. 

The orchards are growing old; many, if not most of them, are 

past their prime and the trees are beginning to show the decay 

of old age. However trees and herbaceous plants may differ 

in use of food, they agree in this;— each succeeding crop har- 

vested from either finds the soils somewhat poorer. Again, 

much of the soil upon which apples have been planted did not 

originally possess high fertility; and such orchards are now in 

need of plant food. Then, too, some orchards have been double- 

cropped until the plant food in the soil is exhausted. Quite as 

detrimental to the soil as double-cropping is the lack of tillage. 

Jethro Tull announced in 1733 that “tillage is a means of in- 

creasing the pasture of a plant,” and since that time we have 

come to know that it is the chief of all means of maintaining 

soil fertility. Orchards can be grown profitably without tillage 

only in the most fertile soils; unfortunately, however, the opera- 

tion is neglected in many New York orchards, the soils of which 

are not fertile. ¢ 

It is scarcely necessary to point out that fruit growers have 

little definite knowledge of the manurial requirements of ary 

of the tree fruits. In fact, it is only within the past few years 

that there has been any thought that orchards needed fertilizers, 

the assumption having been that trees could take care of them- 

selves in this, as well as in many other respects. The literature 

of the subject is scant, fragmentary, and for most part unre- 

liable. There are records of but very few long-continued ex- 

periments with fertilizers for the apple. The apple grower 

cannot carry on fertilizer experiments of much value to others 

than himself and it is a difficult task for the experiment station. 

The investigation discussed in the following pages throws 

light only on the use of potash and phosphoric acid as found in 

certain fertilizers and as they affect but two qualities of the 

apple — yield and color of fruit; but the experiment has been 

carried on with care and exactness for twelve years, and since 

these are two of the chief mineral constituents of the food of the 

apple, and the fertilizers in which they were used are common 

ones, and the tree qualities important ones, the work, though not 

comprehensive, should. be valuable, and especially so, in view 

of the meagerness of our knowledge as to the effects of these 

foods on the apple. 
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THE EXPERIMENT. 

The trial of wood ashes as a fertilizer for apples was begun 

by Professor S. A. Beach in the Station orchard in 1893 and 

was carried on by him to its completion at the close of the 

season of 1904; a preliminary report of the experiment was 

published in Bulletin No. 140 from this Station in 1897. The 

remaining data were turned over to the writer, as Professor 

Beach’s successor, and this report is based on the one published 

in Bulletin No. 140 and on the subsequent data. The experiment 

was planned to determine the effects of wood ashes on the scab 

fungus of the apple as well as the value of the ashes as a fer- 

tilizer, but when it was found, after liberal applications of the 

ashes for five years, that the immunity of the apples to the 

fungus was in no degree increased, this phase of the experiment 

was dropped. : 

Beginning with the season of 1898 the test of wood ashes was 

supplemented by one with acid phosphate, and the two experi- 

ments were carried on jointly until the close of the season of 

1904. Since wood ashes contain considerable quantities of phos- 

phoric acid and lime, the original experiment was really one 

with potash, phosphoric acid and lime as found in wood ashes. 

Location and character of soil—The seat of the experiment 

is a mature apple orchard, 55 years old at the close of the ex- 

periment, on the Station grounds. The location is a piece of 

upland sloping to the south and running into the bottom land 

of a small creek. The soil is a heavy clay loam from twelve to 

eighteen inches deep, resting on a still heavier, compact clay 

sub-soil; this in turn is superimposed on shale to be found at a 

depth of from four to six feet near the creek, to from fifteen to 

twenty in parts of the orchard. An analysis of essentially 

the same soil taken in an adjoining field shows the following 

constituents: 
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TABLE I.— CoMPOSITION OF SOIL OF STATION ORCHARD.* 

; Top-soil. Sub-soil. 

Per ct. Per ct. 
Po kre, ee. A RG Poe NM. Somme ne Nay pAb 1.04 
Organic matter he: SES L ee MA Abate t Een es 8 Sie ct eee 4.09 2.78 
Pneelisisle Coe. el}: Ate ae Be el a ee Res Soe Rd ae 81.83 80.09 
Sofuble'silicas Via, Se Para a ee eee, eee .30 .23 
Ipoh ped ‘alumindy piel ee ee Ot ee et Si 9.34 10.95 
Darmet ts 2g OUTS SE PEE ORE eet: Ee Cee 7 o> Oe .62 .96 
Magnegsa fer Sai ee chee ete, Ds ae ain ees Meet a .85d 1.26 
FOG er re Bee LEO AOS One he, NEY Oa Name Pe, ee od 36 
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PUR EO REIT 4 og Sl) 15.) Le Swen, oi na aio Pe Ld auhiosk a Resi) akan Ly Pl ae .210 .149 
Chlorine, carbonic acid, undetermined, etc.......:.......... 43 13 
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These analyses show that the sub-soil differs from the top- 

soil in having “less insoluble matter, more iron and alumina, 

lime, potash and soda, less organic matter by twenty-five per ct., 

less phosphoric acid, and thirty per ct. less nitrogen.” Both 

top and sub-soil,.1t can be seen, have a large percentage of potash 

and of lime. 

The soil is not an ideal one for apples, probably not better 

than the average western New York clay soil for this frutii. 

The trees make a good growth and fruit sets in abundance, but 

with most varieties, all in this experiment, the size of the product 

is small; the fruit does not take on high color; and in many 

seasons does not properly mature. Though well drained, the 

soil is yet wet and heavy, probably because of the fine state of 

division of the’ soil particles. The tillage given the orchard 

and the cover crops planted in it have greatly improved the 

character of the soil, though rain quickly renders it unworkable. 

The root-run, because of the quality and depth of the soil, is too 

limited for the best results in growing apples. 

An inspection shows that there are no considerable variations 

of soil in the orchard, the chief one being a tendency, as the 

ground approaches the bottom land of the creek, to less depth 

in top-soil and to a coarser texture. The difference is not so 

creat, however, that the value of the field for experimental pur- 

poses is impaired to any great degree. In general, the soil is 

such that the trees behave essentially as in the great majority 

of the orchards in the region in which the Station 1s located. 

* Wheeler, W. P., N. Y. Sta. An. Rpt., 8:55. 1889, 
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_ Before the experiment was begun, in 1893, the orchard had 

been in grass for several years. During the winter of 1892-3, 

it was given a liberal application of barnyard manure, which 

was plowed under the following spring. Throughout the ex- 

periment the orchard has been given clean cultivation until 

about August Ist, and then seeded to a cover crop of oats, barley 

or clover. ' | 

The trees— The experimental plats contain 241 bearing trees, 

142 of which are in full bearing. Of these, however, there are 

a few varieties which are not well enough represented in treated 

and untreated plats to permit them to be used in the experiment. 

Excluding these odd varieties there remain 94 trees, 47 in 

each division of the experiment. The varieties represented are: 

Baldwin, Fall Pippin, Rhode Island Greening, Roxbury and 

Northern Spy. The numbers of treated and untreated trees of 

each of these varieties are: 

Treated. Untreated. 

\ 
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The orchard was divided into eight plats, numbered from 

I to 8 The accompanying diagram of the orchard, page 311, 

shows the positions of the plats and of the trees in each. The 

shaded portions of the diagram indicate the plats which were 

treated with ashes. The trees in the experiment are indicated 

by number in the explanation, and by shading in the diagram. 

The trees selected were planted in 1850 and were, therefore, 

43 years old when the experiment was begun. The orchard as 

a whole does not form a uniform block, but the trees selected, 

as numbered above, were fairly uniform and in the main were 

well adapted for the investigation. 
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TRE SDER AEA RSs 

Wood ashes were applied to the four treated plats at the rate 

of 100 pounds per tree annually, with the exception of two 

years, 1901 and 1902, when the applications were omitted. As 

there are 48 trees per acre, 4,800 pounds were applied per acre. 

The ashes were thoroughly mixed, weighed separately for each 

tree, and applied broadcast to a line midway between adjacent 

rows. Applications were made in the spring and were well 

worked into the ground. No other fertilizer was applied to 

any part of the orchard during the first five years of the ex- 

periment; cover crops were plowed under as follows: 

1893—Oats and peas 

1894—Crop not stated 

1895—Crop not stated 

1896—Sweet clover 

1897—-Mammoth clover 

1898—Crimson clover 

1899—Crimson clover 

1900—Rye 

1901—Oats 

1902—Barley 

1903—Crimson clover 

1904—Mammoth clover 

EXPLANATION OF DIAGRAM. 

Baldwin, treated, Nos. 10, 101, 102, 108, 109, 125, 126, 127, 128. 

Baldwin, untreated, Nos. 81, 111, 133, 136, 137, 207. 

Fall Pippin, treated, Nos. 31, 33, 34, 35, 37, 38, 39. 

Fall Pippin, untreated, Nos. 1, 4, 5, 6, 8, 9. 

R. I. Greening, treated, Nos. 50, 51, 52, 54, 55, 56, 58, 70, 105, 107, 129, 146. 

R. I. Greening, untreated, Nos. 24, 25, 26, 27, 28, 20, 42, 43, 46, 48, 62, 60, 

82, 83,162, 165, 184, 185. 

Roxbury, treated, Nos. 143, 145, 147, 149. 

Roxbury, untreated, Nos. 150, 153, 161, 175. 

Northern Spy, treated, Nos. 74, 75, 76, 77, 202, 205, 210, 212, 213, 215, 221, 

POF Qed 225. 2Ar. 

Northern Spy, untreated, Nos. 116, 206, 208, 227, 228, 220,. 230, 233, 234, 

240, 250, 251; 253. 

Acid phosphate was added to the treated plats during the last 

seven years of the experiment in quantities stated hereafter. 

Analyses were made of each application to determine the per- 

centage of potash and with the following results: 
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TABLE I].— PERCENTAGE OF PoTASH IN ASHES APPLIED. 

Year Per ct. Year Peériet; 
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Since 100 pounds of ashes were applied to each tree annually 

these figures show the number of pounds of actual potash per 

tree each season. Thus, 42.31 pounds were applied per tree 

during the twelve years; 2,031 pounds per acre; an average of 

169 pounds per acre for the twelve years. The amount of potash 

applied was much greater than is generally used in orchard 

practice, from 50 to 100 pounds per acre for apples being the 

common allowance. 

Unfortunately the amounts of phosphoric acid and lime in 

the ashes used were not determined. But since the amount of 

phosphoric acid found in ashes varies from 1 to 2 per ct., 1% 

per ct. being a fair average, we can assume that 1% pounds of 

phosphoric acid were applied per tree each year, or 72 pounds 

per acre. The average analysis of commercial wood ashes shows 

them to contain 32 per ct. of lime, so that there was probably 

added about 32 pounds of lime per tree annually, or 1,536 

pounds per acre. These amounts are in excess of those com- 

monly thought to be necessary per acre for apples, and there- 

fore this experiment has to do with phosphoric acid and lime 

as well as the potash in the wood ashes. It is true that phos- 

phoric acid in ashes becomes available slowly. But its effects 

should be seen-in twelve years, especially since the conditions, 

cultivation and the plowing under of cover crops, were favor- 

able for its becoming available. 

It is held by some that the apple does best on a slightly acid 

soil and it may be claimed that in this experiment lime has 

hindered the action of the other ingredients. However, I can 

find no data to show that an alkaline condition of the soil 

brought about by lime hinders any specific function of potash 

or phosphoric acid in growing apple trees; nor that the lime 

accompaniment could in any way nullify or obscure the action 

of these nutrients as to the yield or color of apples. In this 

connection it is worth noting that some of the best apple regions ~ 
in the United States have limestone soils. Many fruit growers 
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use lime in moderate quantities as a fertilizer for apples. From 

these considerations it may be assumed that lime in the quanti- 

_ ties added did not have a deleterious effect on the yield or color 

of the apple in this experiment; on the contrary, it might be 

suspected that the lime was in part responsible for such bene- 

ficial effects as were noted. 

While no tests to determine the acidity of the soil were made, 

it may be inferred, since all leguminous cover crops grew readily 
in the untreated plats, that the soil of the orchard is not strongly 

acid, for the clovers, in particular, do not thrive in an acid soil. 

Acid phosphate was applied to the treated plats at the rate of 

8% pounds per tree during the last seven years of the experi- 

ment. With 48 trees per acre, there were, therefore, 408 pounds 

of the acid phosphate applied to each acre. The fertilizer was 

guaranteed to contain 14 per ct. of phosphoric acid (analysis 

proved it to contain approximately that much) and the amount 

of available phosphoric acid per tree each season was 1.19 

pounds, or 8.33 pounds per tree in the seven years. This is 

equivalent to 399.84 pounds per acre, an average of 57 pounds 

per-acre annually. The amount of phosphoric acid recom- 

mended for apples ranges from 30 to 60 pounds per acre. Add- 

ing to the above amount the phosphoric acid to be found in the 

wood ashes, approximately 72 pounds per acre, the total quan- 

tity is about 129 pounds per acre,— an abundance and to spare. 

The phosphoric acid was applied as were the ashes — scat- 

tered broadcast in the spring over an area slightly greater than 

that covered by the branches of the trees; a disk harrow was 

used to work the fertilizer rather deeply into the soil. 

THe RESULTS: 

There are several standards of measurement as to the merit 

of any treatment. to which a fruit tree is subjected; as, growth 

of wood; leaf-size and total leaf-area; the several qualities of 

fruit, as size, color, texture of flesh and keeping quality; and 

such tree characters as hardiness, productiveness, bearing habit 
and longevity. That is, the health and vigor of the tree and 

the value of the product are proportional to these qualities and 

characters and especially as to the degree of agreement between 

them. A wholly reliable method of testing any treatment of a 

fruit tree should take all of the above features into consideration 

and a method of measurement lacking any considerable number 
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of them, generally speaking, is faulty. Data can be given in 

this investigation only as regards fruit, and at first thought 

there may be objections to conclusions drawn from such data. 

But since yield and quality of fruit constitute the ultimate cri- 

terion of the value of any orchard treatment; and since tree 

characters are not so important with old trees as in this experi- 

ment; and since the data regarding fruit are unusually full and 

detailed, the lack of information regarding tree characters does 

not seriously lessen the value of the experiment. 

It is true that a crop is an uncertain standard of measure- 

ment; for with the apple there is a tendency to biennial bear- 

ing; the accidental variations in the crop are large; there are 

marked individual differences in the trees as to yield; and the 

varieties differ greatly in bearing capacity. These uncertainties 

have been largely overcome in this investigation by taking an 

average for twelve years and by including five varieties in the 

experiment. 

In harvesting the crops the yields of the trees were recorded 

separately in pounds and ounces for the firsts, seconds, culls, 

and total weights. This enables us to study the crops from the 

standpoints of weight of product and of average size, there 

being three grades as to size. Attention is called to these two 

quite different standards of measurement. Size of individual 

fruits is one of the best criterions of the vigor of a tree if there 

be the average number of fruits. Large, succulent fruits indi- 

cate, as a rule, rapid and vigorous growth. The number of 

fruits, however, is probably a more accurate index of the food 

used by a tree, and therefore of the exhaustion of the soil and 

of the need of fertilizers; for it seems fairly well established 

that a small and possibly poorly developed fruit contains practi- 

cally as much dry matter, which represents plant food, as a 

large fruit. In other words, fruits seem to increase in size 

chiefly by the enlargement of cells, the contents being largely 

water, rather than by the multiplication of cells, a process 

seemingly requiring more solids. 

YIELD OF FRUIT. 

The yield of fruit is shown in. Table III. The average yield 

per tree is given for each variety for the twelve years and the. 

annual average per tree for the whole period. Fortunately the 
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period during which the experiment was carried on was one 

of extreme fruitfulness for the apple in western New York and 

some fruit was harvested in each of the twelve years, excepting 

in 1903, giving a high average of productiveness for the orchard 

during the period. 

Taste IJI— AverAce YIELD oF APPLES PER TREE, WITH AND WITHOUT 

APPLICATIONS OF PoTASH AND PHOSPHORIC ACID. 
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Annual av. | 
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In order to make comparisons of the annual averages per tree 

the figures given by Beach in Bulletin No. 140 for the first five 

years of the experiment are published as Table IV. 

\ 

TABLE 1V.—ANNUAL AVERAGE YIELD OF APPLES PER TREE FOR FIVE YEARS, 

With AND WirHout APPLICATIONS OF PoTASH AND PHOSPHORIC ACID. 

Baldwin. Fall Pippin. Roxbury. | R.I. Greening. | Northern Spy. 
| 

YEARS. po 3 . 3 3 " 3 \ 3 

2 © Q $ o ® - 2 3 2 5 
3 h 3 & 3 bed 3 +4 3 hi 
o = a) a o S o e o = 
H H Hu i= H 

H Pp a Pp H P i =) a Pp 

Bu. Bu. Bu. Bu Bu Bu. u. Bu. Bu. Bu. 
LS9S=1897) Hi 7 GE) 4 7 291) 5 5%.66)" 5.256) 41.459)) » 8. 69 G00: 745 9.93 6.53 

‘at 
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The annual averages showed, at the end of the first five years, 

an increased average yield per tree for Fall Pippin, Roxbury, 

Rhode Island Greening and Northern Spy and a decrease for 

the Baldwin. The differences are shown in Table V. 

TABLE V.— INCREASED YIELDS ON APPLE PLATS TREATED WitH PoTASH AND 

PuHospHoric AciIp, CALCULATED AT THE END oF Five YEARS. 

eae eS eee 

Annual 
average 

NAME. nce Rete oe 

per tree. ° 

Bae Bu. 
Rallt Pip ois led eet, be canoe eve te, AG aie eee ie ane 0.10 4.8 
Sos deh i ica peat, ee ae ee eee Me Mean een Oey Me Ree Me Gr ME Oe YF Ss 2.90 139.2 
Fe TR PP CNIIER os es sda Abd ke kee Ten ede ace : 0.05 2.4 
NorthernsSpy sete te tached Gehan ee ee ed eee 3.40 163.2 
Bal wits o6  eiecc hoe hee audas eook Se cdl Le aE rine nme aaa —0.28 | * —13.4 

I 

The results at the end of the twelve-year period are quite 

different, having changed the negative result for the Baldwin, 

as shown in Table V, to a positive one; and the positive result 

of the Rhode Island Greening to a negative one. Differences 
in yields for the twelve years are shown in Table VI. 

TABLE VI.— INCREASED YIELD ON APPLE PLATS TREATED WITH PoTASH AND 

PuHospHoric AcID, CALCULATED AT THE END oF TWELVE YEARS 

Annual % 
" average ate per 

NAME. increase acre. 
Per tree, 

Bu. Bu. 
Pally Pip Pinay se.. acc LPNs Gis eee CE CL eee ee Sener 1.05 50.4 
ROR IDLE YC. es. ial hate na Ne RE Hd ca kaa tt bake RULRU Oe a Uae ca Sec 2.65 2a 
Rows) Greed ged viet) ee eel Been Ra. ee PRO) date ee nary ean ae eB —0 .34 —16.3 
IN OLE REFS DV a eicteven casi teens ae eh as oe Reade pd eee r 2°55 122.4 
Baa Wisi ele Rhy oe Se fe Ee ee oe a Re are 0.28 13.4 

A very interesting fact is brought out in Table VII, namely, 
that both the treated and the untreated plats increased markedly 

in yield from 1893 to 1904 and that the productiveness of the 

orchard was for the treated plats 1.13 times, and the untreated 

plats 1.17 times as great in the second six-year period of the 

experiment as*in the first six-year period, notwithstanding the 

facts that in 1903 in the second period not an apple was borne; 

that the 1896 crop, which came in the first period, was one of 

the most remarkable crops in quantity of fruit ever known in 
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western New York. There can be but one explanation: Prior ta 

1893 the orchard was in sod, but during the continuance of this. 

experiment it has been kept under cultivation and seemingly grew 

much more productive under the treatment. 

TasLteE VII.— Sum or THE AVERAGE YIELDS OF APPLES WITH AND WITHOUT 

APPLICATIONS OF PoTASH AND PHospHoRiIc ACID. 

(ES SS Se cereal DR SSE A 

| 1893. 1894. 1895. 1896. 1897. 1898. 

pawemewieg. Ph | Atad tated ore 

Seated MMUSHElS! ... 5... shales 2 LOe21 23 .80 Sa Wonk Liolek’ 28.59 SP 4. he 
Untreated, bushels:’y. 2.5.22... ot 16.28 Soba LOLF4Z Pin perslyg 24470 

= 

TasLte VII.—(Continued). 
(Ue 2 Re 0 SNS See ee eee a et es TS 

1899. 1900. 1901. 1902. 1903. 1904. 

imeabemapushels: i. ..-. 2th ost 24,14 70,04: 9.14 OD) EO BNR Meee ste og 98.74 
Unireated) bushels. .<)... 0... b gear x! 59.96 6.18 TOs OO Ores. Me 87.18 

eee ern cee te A 

A study of the yields shown in these tables gives only uncer- 

tainty as to the effect produced by the fertilizers. If we regard 

the varieties separately, there are but two of the five varieties, 

Roxbury and Northern Spy, in which the effect has been suffi- 

ciently great to be looked upon as outside the range of varia- 
tion; when we consider the varieties collectively the average 

annual gain per tree, 1.24 bu., is not great enough to be of 

practical importance. It must be noted, too, that the results 

obtained at the end of the five-year period, and those of the 

twelve-year period, are reversed with two of the five varieties 

and very materially changed with the other three. 

Let us calculate the financial gain from the use of the fer- 

tilizers. Taking the sum of the gains and losses for the five. 

varieties, for a hypothetical five acres, and we have in round 

numbers an annual gain of 99 barrels, including firsts, seconds 

and culls. At $1 per barrel, a fair average for twelve years 

for the three grades, we have $99 greater income from the 

treated five acres than from the untreated. With potash and 

phosphoric acid at five cents per pound each, the value of the 

fertilizer applied is $74.50 and we have a gain of but $24.50, 

not counting the work of handling, applying and working in the 
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fertilizers to five acres of orchard, which practically offsets the 
gain. So that in practice, if not strictly in fact, the results 
from the fertilizers as to yields have been negative. 

COLOR OF FRUIT. 

It is commonly thought that out of the baker’s dozen of ele- 
ments made use of by plants, potash is the one which gives 

color to fruits. The statement is not infrequently made, too, 

that phosphoric acid has a decidedly beneficial effect on the color 

of fruit. This phase of the present experiment is therefore 

approached with some interest. In the Station orchard apples 

do not color well and if the addition of these fertilizers would 

heighten color their use might be desirable, even though there 

was no great gain in yield. On sandy soils, apples as a rule 

take on their brightest colors, while on clay they run to duller 

hues. Because of their influence on color, potash and phos- 
phoric acid are thought to be especially valuable on clay soils. 

The clay soil of the Station orchard was, therefore, a very 

favorable one upon which to try these substances to influence 

color. 

The records for the twelve years for the varieties in question 

run as follows: 

1893. Slight improvement was noted in the color of all the 

varieties on the treated sections. Even the Roxbury was 

smoother and more highly colored on the treated than on the 

untreated section. 

1894. Fall Pippins were smoother and fairer on the treated 
plats. Baldwins showed but little difference and that in favor 

of the untreated trees. Rhode Island Greenings had a riper 

appearance, more yellow and a tinge of red on treated plats. 

No difference discernible with Northern Spy and Roxbury. 

The results for this year were not at all uniform. 

1895. Effects were not more noticeable for this season than 

in the previous one, Rhode Island Greenings and Northern ‘Spys 

showing best color in untreated plats and Baldwins and Rox- 

burys highest colored in treated plats; no difference noted be- 

tween the plats of Fall Pippins. 

1896. Colors developed as well on untreated plats as on 

treated. 

1897. Crop comparatively small and poorly colored on both. 

treated and untreated plats without noticeable difference. 
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1898. Effects not at all uniform, the product of the trees 

in the same plats differing as much as the products from dif- 
ferent plats. | 

1899. Slight improvement in color of Baldwins and Northern 

Spys, the red sorts, no difference in Rhode Island Greening, 

Fall Pippin and Roxbury, the green varieties. 

1900. No differences could be noted. 

I90I.- Small crop of undersized fruit all poorly colored and 

no difference in favor of either set of plats. 

1902. All of the treated plats showed more brilliant colors, 

though the differences could scarcely be noted in the green 
varieties. 

1903. No crop. 

1904. Differences slight and variable and not to be counted 

in favor of either treated or untreated trees. 

Taken as a whole, the results are disappointing. They lack 

uniformity and were not decided enough in a sufficient number 

of the twelve seasons to enable us to state that the addition of 

_ the substances applied heightened the color of apples under the 

conditions of this experiment. The effects varied not only from 

season to season, but varieties varied greatly in some seasons, 

and in others the same variety would color differently in plats 

receiving the same treatment. When we consider the number 

of factors which are known to influence color in fruit we cannot 

assume with any degree of certainty that the results set forth 

above show that the addition of these fertilizers changed the 
color of the fruit in this experiment in any season; thus, ex- 

posure to light; the intensity of the light; amount of foliage on 

the tree; the healthfulness of the foliage; the amount of stored 

food in the plant; soil heat; the texture of the soil; all of these, 

besides potash and phosphoric acid, have an influence. ‘The re- 

lations of these factors are so intricate that it is almost impos- 
sible to separate them in an experiment like this, and especially 

as the differences were so slight. 
A comparison of the color data with meteorological data for 

the twelve-year period shows that the treatment seemed to have 

an influence in coloring fruit only in those years when the apple 

did not develop well, as in 1893 and 1902; and that in other 

seasons, as in 1896, 1900, 1904, when climatic conditions were 

favorable to the development of fruit and foliage, the coloring 

was as nearly perfect on the untreated as on the treated plats. 
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APPLICATION OF RESULTS. 

The returns obtained in this twelve-year experiment are nega™ 

tive from a practical standpoint. This experiment shows that 

it is not profitable to apply potash, phosphoric acid, or lime to 
the soil of the Station orchard. Fifty-seven years of orchard 

cropping has not reduced this soil to the condition where it 

needs a “complete” fertilizer, yet the leguminous cover crops 

plowed under in the orchard have usually produced beneficial 
effects the same or the next season. This seems to show that 

the orchard is having a one-sided wear. It needs nitrogen, or 

humus, or the physical condition to be obtained by plowing 

under organic matter. It would be an assumption to say 

whether it is the food, or the condition of the soil brought 

about by the organic matter, or both, that has proved beneficia! 

when cover crops were plowed under. 

“Potash for fruits” has been the cry for so long that many 

fruit growers are misled as to-its use. It is true that the 

“out-go”’ of potash from the soil is relatively great, as shown 

by analyses, and if the soil lacks this ingredient, trees are not 

fruitful. But it is becoming more and more apparent that in 

many orchard soils potash is more abundant, or more available, 

or is less needed by the trees, than was formerly thought. 

Orchard practice, as well as the present experiment, has demon- 

strated that the plea for potash in orchards may not always be 

founded on a real need. 

It must not be concluded, because the effects from the ferti- 

lizers applied were scarcely apparent in the ‘Station orchard, 

that they would be ineffectual in all orchards, or necessarily 

for.all time in this orchard. Plants require food, and the fact 

that certain nutrients added to this soil gave no results must 

mean that this particular soil contained an abundance of the 

elements added when the experiment was begun. Since, now- 

ever, the soil of the Station orchard is an average piece of land 
for western New York —no better, no worse — there must be 

many other orchards in the State that do not need these fer- 

tilizers. In view of the fact that fertilizers are now very gen- 

erally used in growing apples, it may be that considerable sums 
of money are wasted in buying and applying fertilizers which 

are not needed. 

The fertilizers that have been misapplied to orchards have 

not been absolutely thrown away. ‘The phosphoric acid put in 
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the soil will remain stored up for a period of years; the potash 

will remain for a few years at least; and the lime is of more or 

less permanent value in the soil. Meanwhile it is possible that 

all of these compounds will have a beneficial effect on the cover 

crops grown in the orchard. Still, it is not profitable to buy 
fertilizers and store them in the soil in this way. 

Since the ordinary farm and garden crops on the Station 

grounds, on soils quite similar to that upon which this experi- 

ment was carried on, show more or less marked beneficial effects 

from the use of potash and phosphoric acid fertilizers, it may 

be assumed that, during the fifty-seven years this orchard has 

been growing, general farming has been more exhaustive of the 

elements added in this experiment than have the apple trees. 

There are many facts that lead us to assume that the apple 

does not quickly exhaust a soil, but to the contrary wears a soil 

but little. This experiment suggests that such may be the case, 

but of course does not prove it; for the question is a complicated 

one, involving many factors not here considered. 

The practical application of the information obtained by this 

experiment is, that the apple grower should not apply manures 

in quantity until he has obtained some evidence as to what focd 

elements, if any, are needed in his soil. Good evidence in this 

direction is furnished by the trees themselves. So long as trees 
are growing well, adding a fair amount of new wood each year, 

and producing good crops of well-colored fruit, it may be taken 

for granted that they need no additional food from fertilizers. 

Should the growth and behavior of the trees be otherwise, it 
may be suspected that they need more, or other foods, and ex- 

periments should be set on foot to determine what and how 

much. 

PLAN FOR FERTILIZER EXPERIMENT. 

The following is a brief plan whereby a man may determine, 
in some measure at least, what fertilizers his orchard needs. . 

The plan is adapted from a fertilizer experiment which has now 

been running for ten years in a young apple orchard on the 

Station grounds. 

The trees selected for this experiment should be of the same 

variety and age and should stand in a soil as uniform in texture 
and fertility as the orchard affords. Unless one has positive 
proof that the trees do not need any one or more of the three 

II 
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elements we commonly supply in fertilizers, he should make use 

of all of them on his experimental plats. There should be a 
sufficient number of trees in each plat to offset individuality in 

the trees. Five trees for each plat is probably the least number 

that can be used with any degree of accuracy. There should be 

six or seven plats. For the average orchard in western New 

York, the following fertilizers might be tried :— 

On Plat 1, use stable manure to supply nitrogen. Manure 

sufficient to supply 50 pounds of nitrogen to the acre per year 

would be a fair amount. On the average, according to analyses 
for our experiments, this would take about 71% tons of well-rotted 

stable manure per acre. In an orchard where the trees stand 40 

feet apart, this amount means about 400 pounds per tree. 

On Plat 2, use a phosphate fertilizer in sufficient amount to 
supply 50 pounds of phosphoric acid per acre per year. A good 
recommendation is, 360 pounds of 14 per ct. guaranteed acid 

phosphate per acre, or 13 pounds of the fertilizer per tree. 

On Plat 3, apply muriate of potash, guaranteed 48 per ct. to 
52 per ct. actual potash. Apply 100 pounds of the potash per 

acre, which would require, of 50 per ct. actual potash, 200 pounds 

of the muriate of potash per acre, or 8 pounds per tree. 

On Plat 4, combine the acid phosphate and the muriate of 

potash in the amounts prescribed for Plats 2 and 3. 

On Plat 5, use a “complete” fertilizer, consisting of nitrogen 

as applied in Plat 1, and of phosphoric acid and potash as applied 

in Plat 3. Or, for the stable manure, substitute dried blood and 
nitrate of soda. The former may be had with a guaranteed 

analysis of from 9 per ct. to 12 per ct.; the latter contains from 

I5 per ct. to 16 per ct. of nitrogen. The following amounts of 

these two substances should be applied: 350 pounds of dried 

blood per acre, or 12.84 pounds per tree; and 100 pounds of 
nitrate of soda per acre, or 3.67 pounds per tree. 

Plat 6 should be a check. It is desirable to have two control 

plats, though, as the number of plats is increased, the work of 

the experiment is greatly increased. 7 

If thought desirable to test the influence. of lime, duplicate 

Plat 5 with the addition of 25 pounds of good stone lime per 

tree, which is to be applied unslaked. 

Some care should be exercised in applying the fertilizers. 

The best time, all things considered, is spring, as soon as the 

ground can be worked. It might be well to apply the fertilizers 
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containing nitrogen at a later time. The fertilizers should be 

weighed as accurately as possible. Spread broadcast about the 

tree over an area slightly greater than that covered by the 

branches of the tree. In cultivated orchards the commercial 

fertilizer should be harrowed in and the manure plowed under. 
If the results are to be at all conclusive, such an experiment 

should run several years. It is not impossible in the average 

orchard to accurately weigh or measure the crop at harvest time 

to determine the relative value of the different treatments. It 

is not sufficient in packing to keep count of the number of barrels 

of marketable fruit from each plat; culls and windfalls should be 

accounted for. 
It will be urged that this plat experimentation will be entirely 

out of the question for the busy fruit grower. The objection is 

not well founded. The plats can be laid out, the materials 

weighed, and all plans made for such experimentation in the 

winter, so that the actual work in the spring need not be great. 

Such a simple experiment as has been outlined here may give 

results of financial value; at the same time it is true investigation 

and should stimulate the spirit of investigation to the great good 
of the fruit grower himself. If such investigations were de- 

veloped among fruit growers as a body, in all phases of their 

work, the industry would soon be revolutionized. 

CONCLUSION. 

The most important lessons taught by the experiment here 

recorded are: That an orchard soil may not need potash, phos- 

phoric acid, nor lime, even though the soil may have been 

cropped a half century; that in a soil which produces apples of 

poor color potash and phosphoric acid may not improve the 

color; and that the apple does not seem to be as exhaustive of 

soil fertility as farm crops. The experiment suggests, as well, 

that to assume without definite knowledge that a tree needs this 

or that plant food often leads to the waste of fertilizing mate- 

rial; and that in the matter of fertilizing an orchard a fruit 

grower should experiment for himself, since an orchard’s need 
of fertilizer can be determined only by the behavior of the trees 

when supplied with the several plant foods. 
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SuMMARY oF Maximum, Minimum Anp STANDARD AIR THER- 

MOMETERS FOR 1907. 

STANDARD, 

Maximum.|] Minimum. 

TAS IM. 12 M. oP M. 

Average. | Average. | Average. | Average. | Average. 
PMP SARE, ibs o bn acess i's vs aotk 16.7 23.1 2e8 25.6 
LIGNE eo oO BG Gti eee ee 29 .1 9.9 14.1 22°53 21.3 
LATO «oth. Ss PERS eee eee 48.2 28. 32.5 40.9 40.8 
Assails 6) 8 Apa eon 49.9 30.4 35.4 43.3 43.8 

on A eRe 63.9 38.8 va 56.8 bees 
Jitets Hs Wott ae eae 76.3 DLa6 60.8 (A yer 70.4 
[POLS ORS Ae Sa ae ae a 83.3 Hoe 2 67.5 TING 78.3 
EXGESMISU BI Grohl cig hr PRs ee es 81.7 55.1 61.9 75.8 75.9 
fe ele i ee ee 74. 54.9 “58.9 68.8 67.9 
Ce iyelorer so, dee CIDA tae eee 58.3 37.6 42.5 Seo 49.8 
No Vermloese ld: 3.552. Boe Nie Silk 45.9 aii Es 34.7 41.8 40.3 
WDECOMIDET AAAS v2 ss ec clh de ee ue 38.6 25 29.4 34.4 ad a: 
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342 METEOROLOGICAL RECORDS OF THE 

YEARLY MAxiIMuM AND MINIMUM TEMPERATURES FROM 1883 TO 

1907, INCLUSIVE. 

(Highest and Lowest Record in Bold Face Type.) 
ee 

MaxXIMUM FOR EACH YEAR. 

Date. 

Auge Gand jaere ee 
Sept. Ll.ws: een 
a UL. 20 OA ae cee ee 
July 4 and Aug. 20.. 
A 11 
aly Lae ee ce eee 
May 22, July 14 and 

27, August 31 and 

eewite, wa w Dees, 8 

{Mr. Edgar Parker’s record. 

" "Kw NOR oO 

Oro 

MINIMUM FOR EACH YEAR. 

Dec. 9 

Jan. 

Date. 

os wie «© €.9 2 ee 6 wae 
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PalNel) chix. 

(The bold face figures in the references indicate the numbers of the reports, in order as 
issued. 
figures. ) 

Abnormal conditions, effect on cheese 

ripening, 22, 207. 

Absorption, rate in soil, and dryness, 6, 

ate 

Acer platanoides, injury by dry winds, 

155453. 

Acetic acid, action upon casein, 25, 259; 

in cider vinegar, 23, 164; loss 

on standing, 23, 155. 

fermentation, effect of straining 

cider on, 28, 152; of cider, 23, 

148; effect of adding vinegar, 2:3, 

151; management, 23, 148; re- 

lation of temperature to, 23, 150; 

time to, 23, 149. 

Acid, acetic. (See Acetic acid.) 

action on enzyms in cheese, 22, 196. 

advantages of use in making cot- 

tage cheese, 23, 100. 

and paracasein, compounds possible, 

21, 184. 

putrefactive food, feeding ex- 

periments with, 3, 49. 

effect of, in artificial digestion of 

nitrogen compounds in _ cheese, 

23, 103, 108. 

excess in cheese, effect of, 22, 72. 

excessive in cheese, objertionable, 

22, 73. 

food, effect on cattle, 4, 16. 

forming elements, 14, 40. 

free cheese, action of rennet enzym 

in ripening, 22, 195. 

from milk sugar, 22, 67. 

lactic. (See Lactic acid.) 

malic. (See Malic acid.) 

objections to use in making cottage 

cheese, 28, 100. 

phosphate, 14, 65; as manure pre- 

servative, 14, 80; availability 

of, 14, 87: cost of plant food in, 

22, 397; for lettuce forcing, 17, 

486. 

relation to cheese ripening, 22, 28, 

63. 

salts formed by combination with 

paracasein, 21, 177, 181. 

saturation of casein, 21, 182. 

unsaturated paracasein 

21, 183. 

salt, 

To find the year to which any report number refers, add 1881 to the bold face 

Acidity of cheese, influence of ripening, 

10, 285. 

Acids, action on casein, 25, 18, 203. 

adsorption by casein, 25, 262. 

and casein, combination, 24, 253. 

-cheese ripening, relation, 22, 

28, 63. 

as preservatives in canning, 23, 50. 

dilute, action upon casein, 25, 205. 

effect of temperature on action on 

casein, 25, 232. 

effect on rennet action 

ripening, 22, 196. 

fatty, in soaps, 23, 127. 

function in fertilizers, 14, 40. 

salts of paracasein with, 21, 181. 

volatile fatty, in butter, 6, 377. 

Act establishing Station, 3, 5. 

Acting Director and Chemist, report of, 

14, 5. 

Horticulturist, report of, 10, 456. 

Pomologist, report of, 10, 491. 

Adalia bi-punctata attacking plant lice, 

16, 478. 

Adaptations of groups of 

340. 

Additions to equipment needed, 18, 8. 

Staff, 16, 5. 

Address of F. E. Dawley on work of 

Station, -11, 33: Peter Collier on 

work of Station, 11, 12; S. D. Willard 

on work of Station, 11, 32. 

Addresses by Director, 14, 11. 

Addresses and bulletins by Chemist, 190, 

219, 11, 299, 12, 242; by EHEntomolo- 

gist, 14, 549; by Horticulturist, 12, 

544; by Mycologist, 14, 519. 

Administration and library building, 

changes proposed, 18, 9. 

Adsorption of acids by casein, 25, 262. 

Adulteration of paris green, 15, 555, 

16, 230, 18, 242. 

Advance spray pump, 

220. 

Aesculus hippocastanum, disease of, 15, 

456. 

Agitators, description, 22, 356. 

for spray pumps, 12, 709. 

in cheese 

apples, 25, 

description, 1%, 

[357] 
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Agricultural interests of 

State, 7, 16. 

New York 

organizations, relation to Station, 

2, LADS 

products of New York, 190, 3. 

Agriculture, American, future of, 9, 

104. 

of the Empire State, 10, 17. 

relation of meteorology to, 5, 11. 

Agriculturist, work of, 10, 6. 

Agrilus sinuatus, notes on, 18, 451. 

Agromyza  simplea. (See Asparagus 

miner.) 

Agrostis  canina. (See Brown bent 

grass.) 

vulgaris. (See Redtop.) 

Air currents, effect on distribution of 

apples, 25, 352. 

derived elements, 14, 39. 

moisture table, 20, 219. 

necessity for, in acetic fermenta- 

tion, 23, 168. 

slaked lime for potato scab, 6, 313. 

temperatures, 3, 404, 405, 4, 362, 

BODO, FOO OsdoO (eG. 84 ea Lae 

384-389, 8, 395-397, 9, 462-464, 

10, 512-515, 11, 714-716, 12, 

731-733, 13, TT7-779, 15, 708— 

710, 16, 624-627, 17, 574-577, 

18, 474-478, 19, 468, 469, 475- 

477, 20, 415-419, 21, 448-450, 

454-456, 22, 457-462, 23, 436- 

440, 24, 886-391, 25, 460-469. 

Aira caespitosa, notes on, 2, 146. 

Albumen and casein in cheese, 11, 870; 

bi) Soav ible a PAG ator he phew aToHble, thee 

fluence on composition of cheese, 10, 

263, 11, 420; in milk, influence on 

yield of cheese, 10, 269, 11, 429; in 

milk of breeds, 10, 365; in milk, re- 

lation, 10, 257; in whey, 11, 361, 12, 

299, 393; loss of; in making edam 

cheese, 12, 258; loss of, in making 

gouda cheese, 12, 268; lost and re- 

covered in cheese making, 10, 256, 

QT 427859 LL eA he B08, 442% 

amount lost by stirred-curd and ched- 

dar processes, 11, 448; ratio of, to 

fat in breeds, 10, 265. 

Albumen, fat and casein, influence of, 

on composition of cheese, 10, 264, 

11, 417. 

in cheese 2 3745) smilk, Sead @, 

a2.5 296; 93565 milk. -efectcon 

yield of cheese, 10, 269; milk, 

relation to composition of cheese, 

LO; 2634 owhey,; i), 363, 2 2990, 

393: loss in cheese making, 190, 

256; red, warning against, 20, 

390; relation of, to casein in 

milky LO425 A259) L338) 12; 

296, 362. 

INDEX TO First TWENTY-FIVE REPORTS. 

Albumin and syntonin, determination in 

milk, 21, 214. 

Albuminoid nitrogen in feeding stuffs, 
4, 346. 

Albuminoids, change in late growth of 

corn, 8, 89. 

in feeds, digestibility, 7, 241; food 

as related to casein in milk, 190, 

118; food as related to fat in 

milk, 10, 112; food consumed by 

mileh cows, 10, 43-72, 105-107, 

11, 104, 12, 90, 107. 

Albumoses. (See Caseoses.) 

Aleoholic fermentation in apple juice, 

study, 23, 144; cider, effect of adding 

yeast on, 23, 147; cider, management, 

23, 144; cider, relation of tempera- 

ture to, 238, 146; cider, relation of 

time to, 23, 145. 

Alfalfa as food for milch cows in time 

of drought, 15, 62; as a soil im- 

prover, 16, 556. 

characteristics, 16, 552. 

composition, 24, 29, 86; of fresh 

fodder, 16, 555; at different cut- 

tings, 5, 350. 

digestion experiments, 8, 142. 

directions for growing, 15, 63. 

dodder experiments, location, 25, 

ts 

early treatment, 16, 558. 

feeding, 16, 557. 

fertilizers for, 14, 96. 

food and fertilizer ingredients per 

acre, 8, 140. 

value, 16, 555. 

forage, analysis of, 10, 40. 

green, composition of, 15, 670, 23, 

ai Ee aE 

hay, 16, 560; composition, 15, 670, 

20, 32; fertilizing value of, 14, 

76; heat value of, 20, 54. 

history, 16, 552. 

notes on, 1,..77, 2, 148, 513 aG. 

T1, 7,331, 10, 4925015 530 7a 

55. 

pasturage, 16, 559. 

permanency, 16, 559. 

plant food required, 16, 556. 

seed, 16, 558. 

silage, 16, 560. 

Ssoil.LG) 556; 

success at Station, 8, 138. 

yield, 8, 221, 16, 553. 

Alger, G. §., cheeses made by, 22 

Alkali, free, in soaps, 23, 131. 

Alkalies, use in making 

wash, 21, 339. 

Allen, Martin L., on Board of Control, 

19, V. 

Alkakengi. 

999 » Leto 

lime-sulphur 

(See Tomato, strawberry.) 
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Alopecurus pratensis. (See Meadow fox- 

tail.) 

Alsike clover, notes on, 5, 136. 

Altitude, effect on distribution of apples, 

25, 350. 

Amaranthus retroflexrus. (See Red root.) 

Amelanchier canadensis. (See June- 

berry.) 

American gooseberries, botanical feat- 

ures, 15, 307, 308. 

Holderness cows, butter record, 9, 

223, 10, 314, 326, 327, 348— 

351; constituents of food 

fed each month, 10, 51, 52, 

aye osa isocrecoste: of eifood 

eaten each month, 10, 108; 

cost of milk produced, 10, 

109; data in breed test, 8, 

185; food of, 10, 32, 88, 12, 

42, 76, TT; milk: constitu- 

ents, 11, 100, 101, 12, 48, 

86, 87; milk yield, 10, 65, 

66, 94; quantity and com- 

position of feed, 9, 420, 440; 

yield and composition of 

milk each month, 10, 65, 66. 

milk, analysis, 9, 186; average 

composition of solids in, 10, 

142; average yield and com- 

position of, 10, 141; num- 

ber and size of fat globules 

inset OF 143.6151 152.2) per- 

centage of fat in large 

globules, 10, 154. 

pear stock, tests of fungicides, 11, 

651. 

Amido-acid compounds in cheese, de- 

termination, 21, -201; in milk, 

determination, 21, 214; value of 

reagents for separating from 

peptones, 21, 210. 

compounds in cheese, 21, 221 

241. 

Ammonia and copper sulphate for cax- 

nation rust, 15, 469. 

casein wash, formula, 21, 343; use 

against San Jose scale, 21, 343. 

determination in cheese, 21, 211. 

in cheese, 21, 227. 

milk, determination, 21, 215. 

meaning of, in analysis of fertili- 

zers, 10, 405. 

pure paris green soluble in, 18, 

243. : 

sulphate of, 14, 62. 

use in resin wash, 21, 341. 

Ammoniacal copper carbonate and soap, 

aa, 1232. 

solution as fungicide, 11, 670, 674. 

solution as a preventive of potato 

blight, 10, 457, 486. 

¥ of copper carbonate, 14, 883. 

2) 
’ 22, 

Ammonite, nitrogen in, 14, 63, 64. 

Amphicerus bicaudatus, notes on, 18, 

Analyses, chemical, of fertilizers, ex- 

planation of terms used, 15, 189. 

gratuitous, rules relating to, 14, 

241. 
of alfalfa, 16, 555; amber cane, 1, 

22; brewer’s residues, 18, 48; 

buckwheat products, 18, 49; but- 

ter, 6, 372; cheese, 10, 230, 11, 

Bf OLS 253; Z2Z88ir3Z8 030 teas 

214-217, 237, 269; cheese, edam, 

2542533 “colostrum; 1, 25.47 con- 

dimental foods, 18, 65;. copper 

carbonate, 10, 396; copper sul- 

phate, 10, 394; ‘ copperdine,”’ 

10, 397; 398% corn plant, 1, 19, 

16, 556; cottonseed meal, 18, 

42; cowpea, 1, 18; curd, 10, 

230; distillery residues, 18, 48; 

ensiled materials, 11, 167-170; 

eggs, 8, 60; feces, 16, 528, 535; 

feeds, (255109, 5) 93425 Te 236, 8, 

632893, 310,540,412 62-155) 670, 

16, 534, 18, 41, 55, 68, 19, 426, 

21, 416, 424, 23, 414; fertilizers, 

7, 307, 10, 424, 440, 11, 496, 

520, 12, 181, 498, 524, 14, 156, 

198, 16, 33, 44, 138, 17, 93, 110, 

D7 Gr e284 7-18 4291.) 2olyeele 40% 

22, 21, 23, 389, 397; fertilizers, 

terms used, 17, 108, 21, 415; 

fruitsttrees, LO 4625) (Ligeia: 

gluten feeds, 18, 46; gluten meal, 

18, 45; hominy feed, 18, 54; in- 

secticides, 18, 237, 21, 4384; lin- 

seed meal, 18, 44; milk, 1, 25, 

11, 138, 140; milk, whey and 

cheese, 10, 232; milk, whey and 

cheese, explanations of, 11, 309; 

mushrooms, 14, 341; oat feeds, 

18, 56; oats and oat products, 

18, 56; paris green, 18, 237, 21, 

434; pig weed, 1, 17; ‘ prepared 

bordeaux “mixture,” 10, ~°299; 

red root, 1, 18; soils, 14, 84; 

soja bean, 1, 24; sorghum juice, 

10, 211; sprayed grapes, 190, 

401; spraying materials, 10, 

392; string beans, 1, 18; tomato, 

Tee 24 wheat Fprane ues. ol: 

wheat middlings, 18, 52. 

summary of work, 9, 171. 

Analysis of butter, methods, 5, 311, 314. 

of commercial fertilizers, 11, 25. 

methods, notes on, 6, 462. 

Anametis granulatus, comments on, 22, 

tristis. (See Squash bug.) 

Anatis ocellata attacking plant lice, 16, 
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Anderson, S. D., Assistant Chemist, 4, 

4, 
Andrews, W. H., Assistant Chemist, 10, 

V; bulletins by, 19, 488, 449, 20, 391, 

396, 21, 407, 434, 22, 274, 23, 389, 

397, 24, 355; death of, 24, 7. 

Angers quince stock, tests of fungicides, 

PRS 652: 

Anhydro-oxymethylene 

acid in wheat bran, properties, 

120. 

Animal 

di-phosphoric 

23, 

excrement, fertilizer constitu- 

ents in, 10, 420. 

food for ducklings, investigation, 

23, 31; for poultry, 18, 75; for 

poultry, economy of, 17, 45; for 

poultry, investigation, 17, 36; 

gain of poultry on, 17, 50, 54, 

57, 60. 

Husbandry, Department of, report, 

15, 637, 16, 489, 17, 43, 18, 33, 

20, 27, 22, 37, 23, 31, 24, 25, 

25, 25; notes on work, 16, 22, 

AT S36) 18) 22/520, Waele, 123, 

37, s28,. 416, (24,917, (255514. 

meal, composition, 23, 34, 35, 24, 

29; 36. 

metabolism, problems, 16, 492. 

nitrogen compounds in fertilizers, 

14, 63, 64. 

production, lines of work in, 15, 22. 

production, results, 15, 31. 

protein for poultry, 23, 16. 

Animals, fertilizer constituents of 

flesh, 10, 423. 

in breed test, 8, 16. 

Anisopteryzr pometaria, notes on, 18, 

411. 

Annual Report, printing, 15, 13. 

Anthomyia brassicae. (See Cabbage 

maggot.) 

raphani. (See Radish maggot.) 

Anthoxanthum odoratum, (See Sweet 

vernal grass.) 

puelii, notes on, 2, 146. 

Anthracnose, currant. (See Currant 

anthracnose.) 

‘of bean (See Bean anthracnose) ; 

blackberry, 14, 351; cucumbers, 

appearance, 16, 426; cucumbers, 

damage, 16, 350, 17, 69; grape 

(See Grape anthracnose); rasp- 

berry (See Raspberry anthrac- 

nose); snapdragon (See Snap- 

dragon anthracnose) ; yellow 

toad-flax, 20, 148. 

use of fungicides for, 10, 457. 

Antirrhinum majus. (See Snapdragon.) 

Anthriscus silvestris, note on, 2, 209. 

Antiseptics in canned goods, use depre- 

cated, 23, 50. 
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Apanteles congregatus rufocoralis, 

enemy of tent-caterpillar, 17, 377. 

Apatite, phosphoric acid in, 14, 71. 

Aphides, injury from, 8, 361. 

remedies for, 5, 172. 

Aphidius polygonaphia 

plant lice, 16, 480. 

Aphis, 14, 379. 

brassicae, 14, 602. 

cabbage, 14, 373. 

cherry, 14, 380. 

effect of sulphur washes on, 

316; Bali 

green, notes on, 15, 529. 

kerosene emulsion for, 8, 362. 

mali. (See Apple tree aphis.) 

pruni on plum, 16, 485. 

Aport group of apples, 25, 343. 

Apparatus and equipment for scientific 

work, 15, 11. 

for making open air silage, 6, 73; 

measuring soil moisture, 6, 110; 

parasitic on 

24, 

orchard fumigation, 20, 307; 

spraying, comparison of kinds, 

AB 20272 

Apple and pear mites; study of, 25, 20, 

297. 

quince leaves, wrinkling, in- 

vestigation, 21, 19, 58. 

blight, notes on, 3, 369, 19, 178. 

blossom, structure, 19, 395. 

blossoms, effect of spray mixtures _ 

on, 19, 385. 

buds, effect of hydrocyanic acid 

gas on, 20, 267. 

canker. (See Apple tree canker.) 

crop, cause of failure, 9, 309. 

crown gall on, 19, 176. 

curculio, remedies for, 9, 344. 

Cytospora on, 19, 175. 

decays, unusual, summary of work, 

22, 26. 

diseases and insects injurious to, 

14, 345. 

in Hudson valley, 18, 190; 

notes on belting of fruit, 18, 

402; canker, 18, 3899; fire 

blight, 18, 400; fly speck, 

18, 400; general treatment 

against, 18, 417; leaf spot, 

18, 400; russeting of fruit, 

18, 402; rust, 18, 401; scab, 

18, 402; scald, 18, 404; 

sooty blotch, 18, 405. 

in 1900, notes on, 19, 171; of, 

3, 369. 

districts of New York, 

adapted to, 25, 21, 387. 

foliage, spray injury to, 21, 19, 677 

unusual troubles of, 21, 57. 

fruit insects, remedies, 9, 343. 

spot, note, 19, 172. ‘ 

varieties 
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Apple groups, adaptation of, 25, 340. 

hail injury to, 19, 178. 

hairy root on, 19, 177. 

insects, notes on apple-tree_ tent- 

caterpillar, 18, 407; borers, 18, 

406; bud moth, 18, 408; canker 

worms, 18, 410; case-bearers, 18, 

409; cigar case-bearer, 18, 409; 

codling moth, 18, 412; fail 

canker worm, 18, 410;  flat- 

headed apple-tree borer, 18, 406; 

general treatment against, 18, 

417; green fruit worms, 18, 413; 

maggots, 18, 414; oyster-shell 

bark louse, 18, 416; pistol case- 

bearer, 18, 409; plant lice, 18, 

415; railroad worm, 18, 414; 

round-headed apple-tree borer, 

18, 407; San Jose scale, 18, 

416; scale insects, 18, 416; 

spring canker worm, 18, 410; 

woolly louse, 18, 415. 

juice, alcoholic, fermentation, study, 

23, 144; composition, 23, 138; 

poor, producing poor vinegar, 23, 

167. 

leaf blight, notes on, 3, 370; blister 

mite on, 25, 313; miners, notes 

on, 19, 279; spot, prevalence, 19, 

172. 

leaves, insects on, remedies, 9, 341. 

louse, 14, 602. 

Macrophoma on, 19, 174. 

maggot, remedies for, 9, 344. 

orchards affected by Phyllosticta 

limitata, 15, 454. 

powdery mildew, 11, 663. 19, 178. 

roots affected by woolly louse, ap- 

pearance, 15, 572. 

rot following scab, 21, 141. 

new: circular relative to, 21, 

143; description of, 21, 145; 

description of fungus, 21, 

150; distribution, 21, 148; 

effect of cold storage on, 21, 

158; effect of dipping fruit 

on, 21, 159; effect of dry- 

ness and low temperature on, 

21, 159; effect of spraying 

on, 21, 158; history of fun- 

gus, 21, 149; inoculation ex- 

periments, 21, 153; news- 

paper articles, 21, 152; out- 

look for future, 21, 162; pre- 

ventive measures, 21, 158, 

161; severity, 21, 151; sum- 

mary, 21, 20; varieties af- 

fected, 21, 147. 

rust, confused with mite injury, 25, 

317. 

Apple scab and wood ashes, 16, 316. 

calcium sulphide for, 7, 154; 

cause of crop failure, 9, 310; 

Cephalothecium roseum para- 

sitic on, 21, 144; compari- 

son of trees fertilized with 

ashes and untreated trees, 

16, 326, 327; conditions 

favorable to growth, 16, 317; 

effect of fertilizers on, 16, 

318; effect of sulphur washes 

on, 24, 308, 309, 311; effect 

of wood ashes on, ¥6, 17; 

effect on foliage, 16, 324; ef- 

fect on fruit, 16, 325; fungi- 

cides for, 6, 99; hyposulphite 

OPFNOGA LOL Os ia: 8, Loa 

notes on, 3, 370, 14, 345; oc- 

currence, 18, 191; potassium 
sulphide for, 7, 154; preva- 

lence, 19, 171; prevention, 

4, 260; remedy, 14, 346; re- 

sults of treatment, 15, 27; 

treatment, 9, 337. 

seasonal data, 6, 340. 

sugar in, at different dates, 23 
, 

143. 

tree aphis, notes on, 18, 415; rem- 

edy for, 9, 342. 

borer, 14, 347; remedies, 9, 

340. 

canker, 18, 331, 339; cause, 

18, 337; distribution of, 18, 

838; effect of, 19, 343; ex- 

tent of injury, 18, 341; his- 

tory, 18, 332; investigation, 

18, 19, 331; notes on, 18, 

399, 19, 342; occurrence, 18, 

192; prevalence, 19, 174; 

preventive measures, 18, 

3842; treatment, 19, 347. 

tent-caterpillar, adults, 17, 374; 

bibliographical list, 17, 382; 

classification, 17, 365; egg, 

AZT) 368: food “plants, 17; 

868; growth and _ feeding 

habits, 17, 370; history and 

distribution, 17, 366; injury 

by, 17, 368 ; investigation, 17, 

SeOOds ALVA Lae SOOMD Cas 

molts, 17, 370; names, 17, 

866; natural checks, 17, 

376; notes on, 18, 407; 

period of incubation, 17, 

369; preventive measures, 

17, 378; pupation, 17, 373; 

remedial measures, 17, 3878; 

Gert, UF) <8 73: 

trees affected by woolly louse, ap- 

pearance, 15, 573. 
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Apple, age of fruiting, 11, 588; an- Apples, inoculation of, 14, 539. 

alyses of, 10, 163; composi- tabulated results of, 14, 541. 

tion, 10, 163-173; effect of 

hydrocyaniec acid gas. on, 

20, 295; plant food con- 

stituents used by, 24, 357; 

sprayed, fruit setting of, 19, 

361, 362, 363, 364, 365, 366, 

368, 389, 390, 392, 393. 

varieties affected by frost blisters, 

21, 61; behavior in storage, 23, 

277-3384 (varieties alphabetically 

arranged); life in storage, 23, 

255; temperature for storage, 23, 

265. 

woolly louse of, 15, 570. 

Apples, adaptation of groups, 25, 340. 

age of fruiting, 11, 588. 

and crab apples, 14, 251. 

pears, ‘‘ belted,’ 14, 544. 

Baldwin, core decay of, 22, 114. 

becoming bitter in skin in storage, 

PBL URE 

mealy in storage, 23, 273. 

catalogue of varieties (alphabeti- 

eally arranged), 25, 373-397. 

changing in color in storage, 23, 

orale 

conditions affecting keeping quality, 

23, 259. 

decaying rapidly in storage, 23, 275. 

slowly in storage, 23, 274. 

different varieties, composition of 

juices23,- 138421447 

distribution of varieties, 25, 388. 

effect of ashes on yield, 16, 335. 

ashes on color, 16, 331; lime- 

sulphur-salt wash on, 21, 

297, 298; season on keeping 

quality, 23, 268; sulphur 

washes on, 24, 303. 

efficiency of different kinds of 

storage for, 23, 262. 

factors governing distribution, 25, 

350. 

fertilizers for, 14, 97. 

fertilizing materials contained in, 

14, 93. 

for Central Lakes pomological dis- 

trict, 25, 863; Eastern Plateau 

of New York, 25, 361; Erie Shore 

pomological district, 25, 366; 

Hudson Valley pomological dis- 

trict, 25, 357; Long Island pomo- 

logical district, 25, 355; Mohawk 

Valley, 25, 360; Ontario Shore 

pomological district, 25, 364; 

St. Lawrence and Champlain 

Valleys, 25, 359; Western Plateau 

of New York, 25, 367. 

groups of, 25, 3483. 

| 

Applying fertilizers, 

sons of, 14, 120. 

Appropriation, special, requested, 21, 12. 

Appropriations asked for, 22, 18. 

Apricot, brown spot of, 19, 181. 

leaf-spot disease of, 14, 545. 

liable to burst in storage, 23, 274. 

life in storage of varieties, 28, 255. 

losing firmness in storage, 23, 272. 

quality in storage, 23, 271. 

of New York, publication, 23, 18, 

24, 14. 

not resistant to heat before storing, 

Moe 2 Likes 

notes on varieties, 6, 340, 7, 103, 

10, 492, 11, 586, 12, 599-603, 

14, 252-257, 15, 269-276. 

plant food constituents in, 24, 371. 

profitableness of thinning, 22, 318. 

resistant to heat before storing, 23, 

276. 

Russian, in Station orchard, 3, 20. 

scab-resistant varieties, 16, 338. 

season of ripening, 14, 257, 15, 278. 

season of varieties differently 

stored, 23, 263. 

shriveling in storage, 23, 273. 

storage investigation, 23, 21, 250. 

stored, two decays of, 22, 108. 

susceptibility to scab, 16, 317. 

temperature of storage for, 23, 265. 

testing varieties, 15, 269. 

thinning, 15, 379, 18, 17, 22, 293; 

cost, 22, 320; directions for, 22, 

319; effect on color, 22, 310; ef- 

fect on market value, 22, 312; 

effect on production, 22, 313; ef- 

feet on size, 22, 311; methods 

used, 15, 380, 22, 297, 299, 307, 

317; summary of work, 22, 31; 

yield, 15, 380, 381, 382. 

time from top-working to fruiting, 

11, 590. 

undesirable varieties, 25, 369. 

untested, 25, 369. 

variation in yield, 22, 314. 

varieties for New York fruit dis- 

tricts,, 25,5 21 sas a 

in Station orchard, 7, 89, 97, 

8, 347, 355, 9, 346; scald- 

ing in storage, 238, 269. 

winter injury to, 15, 414. 

yield, 11, 590, 12, 603, 14, 256, 

257, 15, 278; on sprayed and un- 

sprayed trees, 24, 305; when 

sprayed in bloom, 19, 402, 405, 

408, 411. 

methods and _ sea- 

collar rot of, 19, 180. 

Cytospora on, 19, 181. 
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Apricot, diseases and insects injurious 

to, 14, 350, 351. 

in the Hudson valley, 18, 193; 

notes on fruit-rot, 18, 418; 

gumming, 18, 418; leaf-spot, 

18, 418. 

prevalence of, 19, 180. 

insects, notes on curculio, 18, 418; 

San Jose scale, 18, 416, 418, 449. 

Apricots, 14, 268. 

description of varieties, 14, 271- 

2433 

list of, grown in 1895, 14, 273. 

productiveness, 14, 271. 

purple, 14, 272. 

Russian, 14, 270. 

varieties tested, 3, 22, 7, 93, 100, 

SOS, woot Lo, 288. 

winter killed, 8, 340. 

Arboretum, Station, trees in, 7, 

347. 

Arginine in cheese, 21, 224, 22, 173, 176. 

Arithmetic of fertilizers, 14, 125. 

Armstrong, R. B., Assistant Chemist, 

9, V. 

W. A., on Board of Control, 1, 4. 

Army worm, bibliography, 15, 598; 

habits, 15, 587; history, 15, 586; life 

141, 9, 

history and description, 15, 587; 

methods for checking, 15, 590; 

natural enemies, 15, 589; outbreak, 

extent, 15, 584; outbreak in other 

States, 15, .592.:; 

apa 30, 583; 

aystiy 

Arsenate of lead as an insecticide, 22, 

338; for cotton-wood leaf beetle, 15, 

543; for willow beetle, 14, 

formula and preparation, 18, 310. 

Arsenic, white, an adulterant of paris 

green, 18, 243. 

Arsenical sprays for forest tent-cater- 

pillars, 18, 310. 

Arsenite, green. (See Green arsenite.) 

of lead as an insecticide, 22, 339. 

lime as an insecticide, 22, 336; 

effect on potato foliage, 24, 

outbreak, notes on, 

treatment advised, 15, 

HOT ; 

195; experiment with, 24, 

208; for canker worm, 17, 

aD, OOos LOLMUla ek so SS. 

24, 199. 

soda as an insecticide, 22, 337; 

effect on potato foliage, 24, 

195; formula for, 24, 190; 

insecticidal value on _ pota- 

toes, 25, 179. 

Arsenites, effect on potato foliage, 24, 

195. 

Arsenoid, analysis, 19, 456. 

Arthur, J. C., reports as Botanist, 3, 

353, 4, 268, 5, 259, G6, 348; resigna- 

_tion, 6, VII. 
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Artificial digestion of cottage cheese, 23, 

103: 

Ash analyses of cattle excrement, 8, 

153; feeding stuffs, 6, 481; fruit 

trees, 10, 166; grasses, 6, 409; 

hay, 6, 409; timothy, 6, 416. 

constituents of milk and cream, 8, 

208. 

elements, 

64. 

in foods in breed test, 10, 43-76, 

Qoauddes LOS 125. eros ee ite: 

grain and straw, 11, 206; milk 

breed test, 10, 57, 87, 99, 105, 

106; 108.5141, 18) 18 136, 2, 

100, 105, 117, 122; nursery stock, 

11, 176-205. 

removed by nursery stock, 10, 172. 

Ashes, effect on apple scab, 16, 17, 317; 

color of apples, 16, 331; keeping 

12, 44-47, 80, 81, 82; milk yield, 

of apples, 16, 335. 

leached, potash in, 14, 73, 74. 

Asparagus beetles, methods of _ treat- 

ment, 15, 528; notes on, 15, 

526; treatment of, 3, 320. 

fertilizers for, 14, 98. 

miner, notes on, 19, 292. 

ornamental, Rhizoctonia on, 19, 

Bl Way 

plant food constituents in, 24, 374. 

root system, 3, 308. 

rust, 15, 458; damage by, 19, 123; 

description, 19, 125; history and 

distribution, 19, 124; method of 

controlling, 19, 129; recommenda- 

tion for treatment, 19, 152. 

spraying for, 19, 122. 

sprayer, description of, 19, 1538. 

spraying experiments, 19, 137, 142. 

varieties resistant to rust, 19, 130. 

Aspidiotus ancylus in New York, 16, 

458. 

notes on, 15, 533. 

perniciosus. (See San Jose scale.) 

Assistant Chemist, reports of, 4, 340, 

sS wasatay, Wie Oy 

Virst. (See First Assistant.) 

Horticulturist, bulletins prepared 

by, 11, 531°; reports .of, 5, 233, 

G880T, a2. 8 224: 

Station, duties of, 1, 26. 

Assistants, student, selection, 18, 7. 

Associate Chemist, appointment of, 22, 

10. 

Aster plants, white grubs attacking, 21, 

254: 

Asterodiaspis 

scale.) 

Atmospheric pressure, influence on per- 

colation, 6, 102. 

necessity for poultry, 8, 

quercicola. (See Oak 



364 

“Audoynaud process’ for prevention of 

apple scab, 6, 101. 

Autopsy on tuberculosis cows, 25, 53. 

Available plant food, 14, 48. 

Availability of forms of plant food, 14, 

86, 87. 

Avena elatior. (See Oat grass.) 

flavescens. (See Yellow oat grass.) 

Ayrshire and Jersey milk compared in 

creaming, 10, 159. 

Ayrshire cows, butter record of, 9, 215, 

10, 320, 321, 331-339, 11, 470; 

cost of food, 10, 108; cost of 

milk produced, 10, 110; data in 

breed test, 8, 185; food consti- 

tuents, 10, 36, 44-47, 88, 11, 54, 

81-84, 12, 41, 70-72; food fed 

each month, 10, 82; milk con- 

stituents, 11, 61,,. 93, 94, 95,96, 

12, 44-47, 80, 81, 82; milk yield, 

10, 58-61; quantity and com- 

position of feed, 9, 412, 439. 

milk, analysis, 9, 182; average 

composition of solids in, 10, 142; 

average yield and composition of, 

10, 141; number and size of fat 

globules in, 10, 148, 151, 152; 

percentage of fat in large 

globules, 10, 154. 

Ayrshires, relative cost of milk and fat, 

10, 110. 

yield and composition of milk each 

month, 10, 58-61, 94. 

Azotin, nitrogen in, 14, 63, 64. 

Babbott feed, composition, 5, 340. 

Babcock milk test bottles, inspection, 

19, 14, 444, 20, 14, 21, 17. 

Babcock, Rufus A., potato spraying ex- 

periment, 24, 152. 

S. Moulton, appointment, 1, 8; 

Chemist, 1, 4; reports as Chem- 

ist? 25 14950 2.309 et4 29S ee5: 

297, 6, 372; resignation, 6, VII. 

Bacillus amylovorus, notes on, 18, 400, 

443, 456. (See also Twig blight 

of apple and Pear blight.) 

rudensis, cause of rusty spot in 

cheese, 21, 32. 

Bacteria, cause of bitter flavor in neuf- 

chatel cheese, 19, 39; cabbage 

black rot, 22, 89; losses in can- 

ning peas, 23, 16, 49; swelling in 

canned peas, 238, 55; rusty spot 

in cheese, 19, 45. 

causing swelling in canned peas, 

description, 28, 56. 

conversion of milk sugar into acid 

by, 22, 67. 

in udder and enzyms in milk, 20, 

183. 
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Bacteria, lactic acid, effect on other 

forms in milk, 22, 66; in cheese, 
22, 73; present in milk, 22, 65; 

role of, in cheese ripening, 22, 65. 

nature and action, 23, 51. 

of different kinds, 23, 52. 

of pear blight, figures, 5, 261, 262. 

Bacterial disease of beans, 11, 553; 

Lima beans, 11, 554. 

sweet corn, 16, 401; dissemi- 

nation, 16, 415; geographi- 

eal distribution, 16, 415; 

germ, 16, 405; germ, de- 

scription, 16, 408; inocula- 

tion experiment, 16, 406; 

pathological histology, 16, 

412; remedies, 16, 415; 

symptoms, 16, 402, 

rot of onions, 18, 169. 

wilt disease of cucumbers, 16, 426. 

Bacteriological tests of pasteurized milk, 

18, 141. 

Bacteriologist, dairy, appointment, 16, 

6, 17, 6: 

assistant, appointment, 22, 10; 

resignation, 22, 10. 

Bacteriology, Department of, reports, 

18, 126, 19, 27, 21, 25, 22, 63, 23, 

47, 24, 43, 25, 107; work of, 18, 21, 
19, 15, 20, 16, 21, 18, 22, 24, 23, 16, 

24, 18, 25, 16. 
Bagging grapes, 5, 168. 

Bailey, L. H., bulletin by, 19, 355. 

Baker, Ernest L., appointment, 24, 9; 

assistant chemist, 24, VII; bulletin 

by, 24, 325. 
Balance of nitrogen and fat in milch 

cow, 10, 509. 

Baldwin apples, core decay of, 22, 114. 

fruit-spot, study of, 18, 176. 

group of apples, 25, 348. 

Balm, plant food constituents in, 24, 

375. 

Bamboo extension, 12, 708, 16, 226. 

Bang method of controlling tuberculosis, 

25, 16; application in Station herd, 

25, 41; outline of, 25, 32; tests, 25, 

Pare 

Barley and pea forage, analysis of, 10, 

40. 

ash constituents in, 10, 174. 

classification of, 3, 385. 

compact vs. loose seed beds, 5, 131. 

composition, 15, 670, 16, 564. 

description of varieties, 3, 387. 

experiments with, 1, 34. 

fertilizers for, 14, 98. 

fertilizing materials contained in, 

14, 93. 

hybrid, notes on, 3, 81. 

influence of root pruning, 2, 142. 

key to varieties, 3, 387. 
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Barley, notes on varieties, 3, 394. 

period of cutting, 6, 63. 

seeding period, 5, 130. 

sprouts, analyses, 21, 425. 

statistics of growth, 5, 117. 

tillering of, 5, 119. 

variety tests, 1, 34, 2, 141, 3, 398, 

400, 8, 288. 

winter sowing, 6, 69. 

Barn, description, 7, 365. 

Barns, burning, 21, 11. 

general view of, 8, 51. 

Wm. D., on Board of Control, 12, V. 

Barnyard manure, conservation, 7, 41. 

Barrel spraying outfits, 22, 363. 

Barrels, unclean, as cause of poor vine- 

gar, 23, 168. 

Barry, Patrick, on Board of Control, 1, 4. 

W. C., on Board of Control, 8, V. 

Basella alba, notes on, 4, 222. 

Basella as a vegetable, 4, 222. 

Bases and acids, relation of casein and 

paracasein to, 24, 237. 
Basic cupric acetate mixture, 11, 673. 

Basket willow industry in central New 

York, 17, 324. 

willows, notes on culture, 17, 327. 

Batchelor, Daniel, on Board of Control, 

1, 4. 

Battams, Roy W., potato spraying ex- 

periment, 24, 158. 

Beach, Spencer A., articles by, 15, 267, 

269, 300, 378, 408, 440, 20, 321; 

bulletins by, 16, 207, 245, 316, 17, 

461, 482, 519, 18, 361, 19, 335, 353, 

374, 20, 321, 21, 364, 22, 293, 321, 

23, 187, 250, 24, 297; circular by, 

17, 564; Horticulturist, 10, V; re- 

ports as Horticulturist, 11, 530, 12, 

5438, 13, 573, 14, 247, 15, 265; resig- 

nation, 24, 8. 

Beadle, J. H., potato spraying experi- 

ment, 24, 171. 

Bean anthracnose: appearance, 11, 533, 

534; bibliography, 11, 549; bor- 

deaux mixture effective, 11, 537; 

details of experiments, 11, 543; 

discussion of the fungus, 11, 540; 

experiments in treating, 11, 535; 

fungicides for, 11, 549; micro- 

scopic characters, 11, 541; notes, 

10, 28, 11, 531, 14, 8713 prev- 

alence in western New York, 

11, 548; remedy, 14, 373; seed 

soaked in fungicides, 11, 5438; 

selection of healthy seed, 11, 

546; spraying diseased plants, 

11, 537; treatment of diseased 

seed, 11, 535; spread of disease 

on gathered pods, 11, 540; yield 

from healthy and diseased seed, 

11, 535. 
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Bean blight, £11, 553. 

diseased seed, 11, 538. 

plant as repellant for cucumber 

beetle, 7, 149. 

Rhizoctonia on, 19, 104. 

root system of, 5, 158. 

rust, 11, 555. 

soja. (See Soja bean.) 

weevil, 14, 372. 

remedy, 14, 872. 

Beans, 12, 547. 

bush, table of yields, 10, 475. 
classification, 2, 247. 

description of varieties, 1, 95, 2, 

249, 8, 315, 9, 285, 10, 474. 

fertilizer experiments with, 10, 475, 

476, 11, 696. 

fertilizers for, 14, 99. 

fertilizing materials contained in, 

14, 93. 

germination of, 2, 59. 

importance of crop in New York, 

oS 1 

large vs. small seed, 8, 364. 

notes on varieties, 6, 332, 7, 113. 

plant food constituents in, 24, 374. 

report of work on, 2, 235. 

soaked in fungicides, 11, 548. 

string, composition of, 1, 18. 

synopsis of classification, 1, 95. 

variation and hybridization, 2, 242, 

variety test, 1, 89, 2, 235, 4, 218, 

5, 250, 7, 110, 8, 314, 10, 475. 

vegetation, 8, 368. 

Beaumont, Thomas, potato spraying ex- 

periment, 24, 150. 

Beckwith, M. H., Assistant Horticul- 

turist, 4, 4; reports as Assistant 

Horticulturist, 4, 261, 5, 233, 6, 307, 

7, 224; resignation, 7, 44. 

Beef, feeding experiment, 6, 23. 

Beet, Rhizoctonia on, 19, 105. 

root, analysis of, 10, 40. 

system, 3, 311. 

sugar production in New York, 10, 

25. 

Beetle, cottonwood leaf. (See Cotton- 

wood leaf beetle.) 

cucumber, (See Striped cucumber 

beetle. ) 

striped. (See Striped cucumber 

beetle.) 

Beetles, lady bird, attacking plant lice, 

16, 478, 479. 

Beets, 12, 555. (See also Sugar beets.) 

fertilizers for, 14, 99. 

for cattle, test of varieties, 8, 273. 

garden, classification of varieties, 

6, 120; description of varieties, 

6, 120; index of varieties, 6, 

129. 

notes on varieties, 6, 316. 



3606 

plant food constituents 

374. 

salt as fertilizer for, 3, 193. 

sugar in, 12, 176. 

sugar. (See Sugar beets.) 

Lost sOLeVvarictics.. tu, Llodee er milGG, -<s: 

ISIE U3 (au seco: weeue ile 

Belden, George W., potato spraying ex- 

periment, 24, 166. 

“Belted ’’ apples and pears, 14, 544. 

Ben Davis group of apples, 25, 343. 

Benching tomatoes, 16, 248. 
Bending grape canes, influence on self- 

fertility, 21, 381. 

Berkshire pig, details of 

with, 14, 482. 

Bermuda grass, notes on, 5, 138. 

Bermuda lily disease, 14, 522; experi- 

ments, 14, 5238; prevention of, 14, 

524, 

Beets, in, 24, 

experiments 

Bibliography of army worm, 15, 593; 

currant rust fungus, 25, 196; 

Eriophyes pyri, 25, 331; forest | 

tent-caterpillar, 18, 312; peach 

tree borer, 15, 567; pear blight, 

, Dig Sot PCALMERCA Dee Latmens Iie 

pistol-case-bearer, 15, 556 ; 

specific gravity seed selection, 

23, 385; woolly louse of the 

apple, 15, 577. 

partial, of Hyalopterus pruni, 16, 

484; Myzus ribis, 16, 487. 

Biennials, seeding first season, 1, 

2, 39. 

Biological and dairy building, 

priation for, 16, 7; contracts 

for, 7,99 s.dedieation, 172.18 

departments in, 17, 12; equip- 

ment, 17, 12; facilities in, 16, 

8; general construction, 17, 10; 

heat, gas and water, 17, 11; his- 

tory of, 17, 7; refrigeration, 17, 

af We 

143, 

appro- 

factor necessary in normal cheese 

ripening, 22, 186. 

Birch, cut-leaved, spraying for thrips, 

16, 466. 

Birds as enemies of tent-caterpillar, 17, 

376. 

feeding upon forest tent-caterpillar, 

18, 307. 

Bisulphide of carbon for weevil, 14, 386. 

Bitter flavor in neufchatel cheese, 19, 

38. 

rot of grape, description, 9, 325. 

skin in stored apples, 23, 273. 

Black currant, description of varieties, 

14, 290, 291, cultivation of, 14, 

281, 295; European, 14, 289. 

currants, discussion of, 10, 460; 

native, 14, 292; yield of, 14, 

291. 
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Black Gilliflower 

343. 

Black, Gov. Frank S., on Board of Con- 

trolaelG Ave 

Langshan fowls for capons, 11, 

237, 248, 244, 245, 248, 249. 

group of apples, 25, 

raspberries. ~ (See Raspberries, 

black. ) 

Blackberries, 4, 257, 10, 472, 11, 694, 

14, 302. 

fertilizers for, 14, 100. 

percentage winter-killed, 14, 303. 

cultural directions, 25, 445. 

descriptions of varieties, 25, 4386-— 

444, 

desirable kinds, 25, 436. 

earliness, notes on, 25, 435. 

fertilizers for, 25, 445. 

hardiness, notes on, 25, 435. 

leafy-cluster, notes on, 25, 436. 

long-cluster, notes on, 25, 436. 

loose-cluster, notes on, 25, 443. 

notes on varieties, 6, 337, 9, 281, 

12, 626-630, 15, 344-347, 16, 

2918292) LOT: 

plant food constituents in, 24, 3871. 

preparation of land for, 25, 445. 

propagation and selection of plants, 

25, 446. 

pruning, 25, 447. 

selection of varieties, 25, 446. 

short-cluster, notes on, 25, 439. 

soil for, 25, 445. 

treatment of plantations, 25, 447. 

varieties and culture, notes on, 25, 

415. 

varieties tested, 4, 253, 7, 96, 100, 

8, 311) 20,472) 1533470 

variety tests, 5, 256, 12, 626, 14, 

303, 304, 17, 492, 25, 22, 448. 

winter protection, 25, 22. 

yields) '12,°6315 "L792 50 

Blackberry anthracnose, 14, 351. 

bulletin, 10, 13. 

eane knot, 19, 185. 

diseases in the Hudson valley, 18, 

194; notes on anthracnose, 

18, 419; leaf-spot, 18, 419; 

rust, 18, 419. 

prevalence of, 19, 182. 

fall rust of, 19, 182. 

insect enemies of, 10, 472. 

insects, 18, 419. 

orange rust, 19, 182. 

plants, setting, 25, 446. 

rust of, 14, 351. 

sand, notes on, 25, 

“ Black Death,’ 

456. 

knot, cherry, 14, 351, 18, 196, 19, 

185; grape, occurrence, 18, 207; 

law, 14, 3638; plum, 14, 362, 18, 

444. 

analysis, 18, 244, 19, 
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Black knot — Continued. 

211; bordeaux mixture as a pre- 

ventive, 15, 387; ravages of, 10, 

24; remedy for, 14, 363; treat- 

ment, 9, 339. 

rot of cabbage (See Cabbage black 

rot); of Cruciferae, summary of | 

work on, 22, 24, 27; of grape, 

14, 356; of grape, description 

and study, 9, 318; of grape, oc- 

currence, 18, 205; of tomato, 14, 

376, 529; of tomato, bordeaux 

mixture against, 14, 530: of | 
tomato, summary of work with, 

a Ae Fa 59 

Blennocampa pygmaea, 

487. 

Blight of bean, 11, 553; blackberry, 14, 

351; corn leaves, 15, 452; cucumber, 

15, 29; cucumber, loss from, 17, 68; 

lima bean, 11, 554; potatoes 

Potato blight). 

Blight, potato stem. 

blight. ) 

notes on, 18 
, 

(See Potato stem 

(See | 

strawberry, 

10, 458. 

Blighted potatoes, time to dig, 24, 192. 

Blissus leucopterus, notes on, 15, 531. 

Blister mite experiments, location, 25, 

13. 

Blisters, frost, on leaves, 21, 58, 

on leaves, cause established, 21, 63. 

Blodgett, Frederick H., Assistant Botan- 

ist and Entomologist, 18, V; bul- 

letins by, 18, 184, 19, 65. 

Blood, dried, composition, 16, 564. 

meal, composition, 24, 29, 36. 

Blooming of grapes, date, 17, 549, 552. 

Blooming season of grape varieties, 18, 

393. 

Blossom, apple, structure of, 19, 395. 

Blue Pearmain group of apples, 25, 343. 

peas and buckwheat as a_ cover 

crop for orchards, 15, 442. 

Body blight, pear, 18, 209, 19, 198. 

fat, formation of, 16, 492. 

Goilers, cleaning, 22, 371. 

low water in, 22, 372. 

Bone ash in poultry feeding, value of, 

aS eel te 

phosphoric acid in, 14, 68, 71. 

black, phosphoric acid in, 14, 68, 71. 

dust, availability of, 14, 87. 

fresh, composition, 16, 564. 

meal, availability of, 14, 87: com- 

position, 23, 34, 24, 29, 36; 

cost of plant food in, 22, 398; 

nitrogen in, 14, 69; raw, 14, 68; 

steamed, 14, 68. 

phosphate of lime, 14, 65. 

Bones, nitrogen in, 14, 68. 

phosphoric acid in, 14, 68, 71. 

use of fungicides for, 
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Booth, Nathaniel O., appointments, 20, 

10, 23, 9; article by, 20, 356; As- 

sistant Horticulturist, 20, V; _ bul- 

letins by, 21, 390, 25, 337; circular 

by, 21, 401, 22, 321; resignation, 21, 

10. 

Bordeaux arsenical mixture, 

23, 191, 24, 299. 

dust, 22, 329. 

mixture, 14, 383; agitators for, 12, 

709; analysis of, 10, 399; against 

formulas, 

black-rot of tomato, 14, 5380; 

amount required for spraying 

potatoes, 16, 384; and eau 

celeste soap mixture for plum 

leaf spot, comparison, 15, 394, 

16, 208; and _ lime-sulphur-salt 

wash, use, 21, 344; and _ soap, 

11, 537, 558; and poison on po- 

tatoes, 22, 159; as a preventive 

of black-knot and fruit-rot of 

plums, 15, 387; as a preventive 

of pear-leaf blight, 11, 647, 651, 

652; beneficial influence on po- 

tato foliage, 16, 378; cherry 

foliage injured by, 15, 405; 

cherry foliage not injured by, 15, 

406; color test, 14, 385; dry, 22, 

329; effect on pear foliage, 12, 

702 ; excess of lime, 12, 692, 706; 

ferrocyanide of potassium test 

for, 22, 327; for cabbage looper, 

15, 624; for carnation rust, 15, 

467; for cucumber downy mil- 

dew, 17, 69; for gooseberry mil- 

dew, 15, 3438, 16, .308, 313, 18, 

824; for leaf-spot of gooseberries, 

15, 342; for pear scab, 12, 705; 

for potato blight, 10, 457, 485, 

11, 696; for plum and cherry 

leaf spot, 16, 207, 209; for plum 

leaf blight, 12, 691; for plum 

leaf-spot, 15, 384; for plum leaf- 

spot, numper of treatments, 16, 

209; for prevention of flea-beetle 

injury, 15, 500, 517; for rasp- 

berry anthracnose, 16, 236; for 

spraying potatoes, 21, 83; for 

strawberry-leaf blight, 11, 682; 

formulas, 11, 539, 567, 579, 670, 

14, 383, 15, 398, 468, 16, 227, 

22, 326; function of lime in, 22, 

324; injurious to pears, 12, 704; 

insecticidal value on_ potatoes, 

25, 176; large vs. small quan- 

tities for spraying potatoes, 16, 

397; Lion brand, experiment, 16, 

391; mixing tanks for, 22, 328; 

not a cure, 12, 709; not poison- 

ous on melons, 16, 367; nozzles 

for, 12, 707; number of applica- 

tions required on potatoes, 16, 
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Bordeaux mixture — Continued. 

395; potassium ferrocyanide test 

for, 16, 228; precautions in use, 

16, 399; preparation, 11, 539, 

567, 579, 671, 14, 384, 16, 227, 
367, 22, 323; preparation and 

application, 22, 121, 24, 94; 

preparation of lime, 12, 692, 705, 

706, 16, 227; ‘‘ prepared,” com- 

position, 10, 399; prevention of 

cucumber downy mildew by, 16, 

356; prevention of late blight of 

potato by, 16, 878; soda, 22, 

329; lime, 22, 329; soda versus 

lime, for spraying potatoes, 25, 

174; soluble, soda and lime, com- 

parison for potato spraying, 24, 

177; spraying in rainy weather, 

12, 707; stock solution, 12, 691, 

706; stock solution of copper 

sulphate for, 16, 228; strength, 

22, 325; strength required for 

spraying potatoes, 16, 394; test, 

MOOD SUSCaL GC. 2G use 

against striped beetle, 18, 267; 

used fresh, 12, 706; yield of 

potatoes with different forms of, 

24, 181. 
Borer, apple-tree, 14, 347. 

peach tree. (See Peach-tree borer.) 

quince, 14, 367. 

squash, test of cultural measures 

for, 15, 610. 

Borers on nursery stock, 16, 460. 

Bosworth, Alfred W., appointment, 24 

9; Assistant Chemist, 24, VII. 

Botanical Department, notes from, 20 

142. 
monstrosities, 2, 40. 

work, summaries, 6, 363, 17, 34, 
18, 20, 19, 16, 20, 16, 21, 18, 22 

26, 24, 18, 25, 17. 

Botanist, appointment, 17, 7. 

report of, 3, 3538, 4, 268, 5, 259, 6, 

$43. 1.7, 65. 

Botany, Department of, report, 17, 65, 

ES nll LO, Do. les 21, yes cess ee 

85, 24, 87, 25, 117. 

Box fumigators, 20, 308. 

fumigator, modification, 20, 290. 

Boxes for lettuce fertilizer experiments, 

20, 331. 

Bradley, F. C. & L. B., potato spraying 

experiment, 24, 165. 

Brainerd & Beaumont, potato spraying 

experiment, 24, 107, 25, 133. 

Bramble-flea louse, 14, 619; description 

of, 14, 621; life history of, 14, 620; 

remedies for, 14, 622. 

Bran, analyses, 21, 425, 427. 

poisoned, for cut-worms, 15, 630, 
631. 
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Bran, wheat, analysis of, 10, 40. 

nature of phosphorus 

pound in, 23, 19, 114. 

Branch Office, abolition of, 20, 12. 

stations contemplated, 7, 36, 8, 29. 

Brands of feeding stuffs, classification, 

21, 423. 

fertilizers, unnecessary number, 16, 

13. 

‘Breaking down” of curd, relation to 

unsaturated casein lactate, 21, 189. 

Breed test, analyses of foods in, 9, 171; 

analyses of milk, 9, 173; animals se- 
cured, 8, 16; butter investigations of, 

9, 197; feed of cows, 10, 32-71; 

milk yields, 10, 57-77; notes on, 10, 

28; preparation for, 8, 14; relative 

cost of milk and fat in, 10, 110. 

Breeds, dairy, test of, 15, 31. 

fat globules in milk of, 10, 143. 

of cattle at Station, 10, 21; under 

investigation, 10, 29. 

Brewers’ grains, analyses, 21, 425; 

feeding experiments with, 3, 49; 

in ration, 16, 546. 

residues, analyses, 18, 48. 

Bridging girdles on injured trees, 21, 

403. 

Broadcast seeding of corn, 8, 260. 

Broadcasting, 14, 120. 

Broccoli, notes on, 2, 188, 3, 213, 4, 

156. 

Bromine-hydrochlorie acid method for 

peptones, 21, 208. 

Bromus schraderii. (See Rescue grass.) 

Brooders and incubators, home-made, 9, 

138. 

Brown bent grass, notes on, 2, 146. 

brown, George W., potato spraying ex- 

periment, 24, 166. 

rot of grape, notes on, 6, 342. 

spot of apricot, 19, 181. 

peach, 19, 192. 

Browning, internal, of potatoes, 15, 504. 

Brusseler Braun cherry, note on, 17, 

564, 

Buchanan, Jay T., potato spraying ex- 

periment, 24, 169. 

Bucket pumps, description, 16, 221. 

spraying outfits, 22, 361. 

Buckwheat and blue peas as a_ cover 

crop for orchards, 15, 442; 

Canada peas as a cover crop for 

‘orchards, 15, 441; cow peas as 

a cover crop for orchards, 15, 

442, 

composition of, 15, 670. 

fertilizers for, 14, 100. - 

fertilizing materials contained in, 

14, 93. 

products, analyses, 18, 49. 

com- 
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Bud-moth, 14, 347, 379; 

and life history, 16, 462; history, 

distribution and food plants, 16, 462; 

notes on, 18, 408, 442; on, nursery 

stock, 16, 462; remedial measures, 

16, 463. 

Buff cochin fowls for capons, 11, 237, 

243, 259, 261, 263. 

Buffalo gluten feed in ration, 16, 546. 

“Bug Death,’ analysis, 18, 245, 19, 

456. 

Buhach, harmless to potato beetle, 3, 

322. 

test as insecticide, 7, 151. 

Building equipment, additions, 25, 10. 

improvements, 17, 21. 

new, appropriation, 23, 10. 

Buildings and equipment, changes, 20, 

ids; wincrease) in, 22, .18, 18; 

needed, 22, 18. 

new, 16, 7. 

needed, 21, 11. 

of the Station, 15, 10. 

ground plan of, 8, 64. 

repairs on, 10, 2. 

Bull stalls, construction, 8, 65. 

Bulletin, Farmers’ Institute, 11, 9. 

Bulletins and addresses, 10, 219. 

by Assistant Horticulturist, 11, 

531; Chemist, 11, 298; Horticul- 

turist, 11, 530, 12, 544. 

classes, 16, 11. 

distributed, number, 10, 3, 7, 11, 8, 

Peer elo tS, td, 28 LBs 22; 

19, 23, 12, 24, 15, 25, 9. 

horticultural, 15, 266. 

newspaper summary, 15, 13. 

popular resume, 15, 13. 

published, lists, 7, 20, 8, 39, 9, 112, 

Pee Ad St Poe \t, 13, 6, 

Papoose Le, .o4)6 1O,9o4- 17; “87, 

a cote kO, coe, 25, 21, 23; 

22, 32, 23, 27, 24, 22, 25, 23. 

reprinted: No. 103, 15, 125; No. 

105, 15, 87; No. 107, 15, 138; 

No. 108, 15, 119; No. 110, 15, 

6625 Now 1120945, 107 + No: 115; 

15, 7; No. 116, 15, 204; No. 

217, eh, 207° sNO. 118-16, 551 ; 

INOse 1 t0) 416.0845 seNOa ole «16. 

216 NG. 128, 16,, 876:s0No, 124; 

ae acl + NO» 125, 086, 245,271; 

Mo.tt2o, 16, 5615 No. 7127, 1G, 

273; No. 128, 16, 284; No. 129, 

16, 81; No. 130, 16, 401; No. 

131, 16, 294; No. 132, 16, 491; 

No. 133, 16, 307; No. 134, 16, 

1386; No. 135, 16, 188, 581, 588; 

No. 136, 16, 4387; No. 137, 16, 

596°: No, 7188, 16, 417; No.: 189, 

16, 470; No. 140, 16, 316; No. 

141, 16, 523; No. 142, 16, 5; 

descriptions | 
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No. 148, 17, 323, 340; No. 144, 

17, 389; No. 145, 1%, 93)’ No: 

146, 17, 461, 483; No. 147, 17, 

492; No. 148, 17, 276; No. 149, 

17, 45; No. 150, 17, 345, 3859; 

No, 151,. 17, 510; No. 152; 17, 

S64 eNO se Douek ¢emsGL NOs late 

17, 45; No. 150, 17, 345, 359; 

15649017, 67:2 Nor 1b Geol T ois 

Noe -d58: cE) £251 t Now 150 218: 

289; No. 160, 18, 221; No. 161, 

18, 321; No. 162, 18, 153 ; No. 163, 

18, 331; No. 164, 18, 168; No. 

165,.L8,) 237.; «No. 166,18, 35: 

No. 167, 18, 184; No. 168, 18, 6; 
No.. 9169, -18,'.361 :_.No...170,. 18; 

BOS “eNom 7 11S 24 Tose. (12; 

AS41370 No. wi 7s, o18;5.23515" No, 

174, 19, 335;, No. 175,19, 55; 
No. 176, 19, 415; No. 177, 19, 

488; No. 178, 19, 444; No. 179, 

19, 61; No. 180, 19, 268; No. 
181, 19, 287; No. 182, 19, 69; 
No. 183, 19, 29; No. 184, 19, 
251: No. 185, 19, 342; No. 186, 

419, 976. Now, 187, 19,” 2133 -No: 

188, 19, 122-;.No..189, 19, 292; 

No. 190, 19, 449; No. 191, 19, 

167:; No, 192. 19 2815 No.193; 

19, 297: No., 194, 19, 3174 No, 

195, 19, 9; No. 196, 19, 351; 

No. 197, 20, 29; No. 198, 20, 

361; No. 199, 20, 123; No. 200, 

201,142 No. 201... 20. BOL saENG 

202, 20, 247; No. 203, 20, 165; 

No. 204, 20, 396; No. 205, 20, 

223: No. 206, 20, 2386; No. 207, 

20, 194: No. 208, 20, 321; No. 

209, 20, 292; No. 210, 20, 61; 

Now2ii 2059: Nor 22a alos 

Wo. 218) 21, 2582" No. 214, 21, 
167; No. 215, 21, 194; No. 216, 
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No. 227, 21; 1413 -No:4228,' 21, 

281; No. 229, 21, 9; No. 230, 
22, 389; No. 231, 22, 165; No. 

232, 22, 85; No. 233, 22, 188; 

No. 234, 22, 218; No. 235, 22, 

108: No. 236, 22, 243; No. 237, 

22, 63; No. 238, 22, 274 ; No. 239, 
22, 293; No. 240, 22, 407; No. 

241, 22,117; No. 242, 22, 37; No. 

243, 22, 321; No. 244, 22, 9; No. 

245, 23, 81; No. 246, 23, 229; 
No. 247, 23, 187; No. 248, 23, 

250; No. 249, 23, 47; No. 250, 
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28, 114; No. 251, 23, 62; No. 252, 

23, 389% No. 253,23, 397; No. 

254, 23, 206; No. 255, 23, 405; 

No: 4256; £23: "ise0n NO 20 Gmes 

122; No; 258, 23, 133 ;' No. 259, 

Zab. bole NOM COO eo Te NOnEZO ls 

24 S28 NOS 262) faa NO: 

263, 1245 2720 2N0, 226452 24 89; 

No. 1265.24, 9355 30 Nom 267, 52 

195; No. 269, 24, 215; No. 27( 

24, 45; No. 271, 24, 27; No. 

24, 325; No. 274, 24, 7; No. : 

25, 337; No. 276, 25, -398; No. 

Dike aa le NOEL T Oe ee ead iN, 

NOt 2 TO eee OE RONG gedaan. 

28927 No.2 82, a0, (L092 eNO. 283. 

25, 297; No. 284, 25, 7. 

technical. (See Technical 

tins. ) 

bo bo 

ee anos fe bo * 

bulle- 

Burning for asparagus rust, 19, 129. 

of potato foliage by arsenites, 24, 

198. 

Bursting of apples in storage, varieties 

liable to, 23, 274. 

Butter, amount of milk or cream re- 

Cuined. LO sit 312) 

analyses, 5, 313. 

and cheese, comparative profits de- 

rived from, 14, 21; cost of pro- 

ducing, 14, 14; for breeds com- 

pared, profits of, 10, 368; pro- 

duction of breeds compared, 10. 

368; profit derived from selling, 

14, 16, 20; value of, 14, 12. 

and cream, comparative amounts, 

10, 312; comparative profits 

from, 14, 20; relations of, 190, 

810; relative amounts, 8, 209. 

ands milk. Trelawdonaw eine lOO, ald. 

LOS SLO, 

cause of mottles in, 24, 279, 288. 

cheese and cream, comparative 

profits derived from selling, 14, 

qinle 

composition of, 6, 372. 

cost of each pound made by dairy 

animals, 10, 303. 

effect of working on mottles, 24. 

286. 

failure to gather, 8, 208. 

fat recovered in, 10, 307. 

granules, relation of size to mot. 

tling, 24, 285. 

Guernsey, composition, 6, 374. 

Holstein, composition, 6, 374. 

influence of food on, 7, 284, 8, 211. 

influence of lactation upon, 10, 385. 

investigations of breed test, 9, 197. 

iodine number, 6, 378. 

Butter, Jersey, 4, 312. 

composition, 6, 374. 

making and cheese-making com- 

* pared, 10, 294. 

efficiency of milk-fat in, 190, 

307, 389; fat globules of 

milk in, 10, 316; fat loss in, 

10, 305. 

melting points, 6, 379. 

methods of analysis, 5, 311, 314. 

producing and handling, 9, 198. 

mottled, relation of proteids to, 24, 

VALGP: 

prevention of mottles, 24, 293. 

production and food consumption, 

10, 302; and lactation period, 

10, 300; by different breeds, 10, 

8318; comparison of dairy breeds, 

10, 299; influence of advancing 

lactation, 10, 369. 

profits for each period of lactation, 

10, 304. 

record, American Holderness, 9, 223, 

10, 3826; Ayrshire, 9, 215, 19, 

320, 11, 470; Devon, 10, 322, 11, 

471: Guernsey, 10, 324, 11, 4738; 

Holstein-Friesian, 9, 307; Jer- 

sey, 9, 231, 10, 328, 11, 475. 

relative cost of production, 10, 22. 

saturation equivalent for fatty 

acids, 6, 378. 

soaps, viscosity of, 5, 318, 6, 380. 

sweet vs. ripened cream, 8, 206. 

tests, 4, 302. 

of milk, 3, 334. 

volatile fatty acids in, 6, 877. 

working, effect on mottles, 24, 286. 

yield and advancing lactation, 190, 

376. 

daily, by dairy animals, 1090, 

813; daily, influence of ad- 

vancing lactation upon, 10, 

380; from 100 pounds of 

milk, 10, 807; monthly, by 

dairy animals, 10, 314. 

yields,” £0;, 312; 

Buttermilk, fat lost in, 10, 306. 

By-products and waste materials, com- 

position and value of, 14, 148; 
manurial value of, 14, 148. 

composition, 5, 342, 6, 426, 461, 7, 

238-244, 75, 94. 

composition, value 

value, 9, 56. 

concentrated, in poultry feeding, 
24, 27. : 

digestible matter in, 8, 101. 

digestibility, 4, 342, 343, 345, 5, 

347. 

fertilizer constituents in, 10, 423. 

food analysis, 4, 333. 

in rations, 16, 542, 

and fertilizer 
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Cabbage, air-slaked lime for, 6, 97. 

and cauliflower bulletin, contents 

Of; 10!- 12: 

Rhizoctonia on, 19, 106. 

aphis, 14, 373; experiments on, 4, 

249; treatment of, 3, 321. 

Cabbage black rot, combating, 22, 85; 

description, 23, 62; effect of re- 

moval of leaves, 22, 105; germs 

on cabbage seed, 23, 67; preva- 

lence, 23, 63; relation of seed in- 

fection to disease outbreaks, 23, 

77; spread by seed, note, 23, 17; 

vitality of germ, 238, 62. 

eaterpillar, experiments with, 4, 

248; parasitised, 4, 249; treat- 

mentor, 2/220, 3; 317. 

club-root, 14, 525. 

composition of, 15, 670. 

early vs. late planting, 3, 210. 

effect of transplanting on heading, 

5, 189. 

fertilizers for, 14, 100. 

fertilizing materials contained in, 

14, 93. 

figures of varietal types, 5, 194. 

flea beetle, tobacco decoction for, 2, 

220: 

from green seed, 5, 190. 

green vs. ripe seed, 4, 154. 

from seeds of different 

gravity, 238, 368. 

growing from slips, 3, 212. 

index to varieties, 5, 224. 

key to classification, 5, 196. 

leaf form, figures, 5, 198. 

leaves, digestible matter in, 8, 101. 

specific 

looper, adult, 17, 403; bordeaux 

mixture for; 15, 624; egg, 17, 

403; injuries by in the field, 15, 

621; injuries by in the green- 

house, 15, 620; larva, 17, 403: 

life history and habits, 17, 404: 

notes on, 15, 620; paris green 

and flour for, 15, 625; pupa, 17, 

404; resin lime mixture for, 15, 

G225 salt for, 15, 624; 

maggot, 14, 374; experiments on, 

4, 249; nitrate of potash for 6, 

96; potassium sulphide for, 7, 

Peiemesneep ecdip. fore te 147° 

Zoektein poison for, 7, 147. 

notes on varieties, t, 133, 6, 326, 8, 

mous 

plant foed constituents in, 24, 374. 

plants from slips, 5, 190. 

plants killed by raupenleim, 15, 

632. 

plusia. (See Cabbage looper.) 

root system, 3, 313. ‘ 

rot, summary of work, 22, 24, 27. 
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Cabbage, Savoy, fertilizer test, 3, 211; 

seed tests, 3, 211. 

seed, effect of drying on germs of 

black rot, 28, 69; from different 

parts of plant, 4, 153; germina- 

tion of, 6, 39; large vs. small, 

4, 152; method of growing, 23, 

65. 

sowing in place, 1, 132. 

varieties, classification and descrip- 

tion, 5, 191, 193. 

variety tests, 1, 130, 2, 186, 3, 208, 

4, 149, 5, 179, 7, 118, 9, 288. 

varying characters in varieties, 5, 

LOZ. 

worm, 14, 374; life 

habits,. 17, 401. 

(See also Cabbage caterpillar.) 

Cactus, prickly pear, composition, 6, 

419. 

Cady, W. B., Assistant Chemist, 11, V. 

Caeoma nitens, notes on, 18, 460. 

(See also Orange rust.) 

Calcium, action in plants, 14, 54. 

chloride, effect on action of rennet 

in cheese ripening, 22, 508. 

description, etc., 14, 46. 

relation to fertilizers, 14, 51. 
sulphate, 14, 59. 

sulphide for apple scab, 7, 154. 

Calf feeding experiments, 4, 34, 9, 359. 

Callahan, Edward A., on Board of Con- 

treo eae WAM 

Calosoma calidum, enemy of tent-cater- 

jenn We. 8 Pree were 

scrutator, enemy 

aan Ne dams a 

Calves, feeding, 8, 21. 

Canada peas and buckwheat as a cover 

erop for orchards, 15, 441. 

thistle, composition, 7, 244. 

rust on, notes, 3, 385. 

Cane, Amber, composition of, 1, 22. 

vs. corn, for forage, 4, 46. 

blight, currant, 18, 200, 425. 

rasberry. (See Rasberry cane 

blight.) 

knot of blackberry, 19, 185: 

of raspberry caused by an- 

thraecnose, 19, 206. 

Canker and black rot of quince, 19, 205. 

apple tree. (See Apple tree canker. ) 

EKuropean, 19, 349. 

worm, 14, 348; notes on, 15, 534; 

spraying experiments, 17, 35, 

885; spraying for the prevention 

of, 15, 535. 

Cankered apple limbs, 

18, 339. 

Canned goods, keeping, 23, 49; use of 

antiseptics deprecated, 28, 50. 

(See Peas, canned.) 

history and 

of tent-caterpil- 

appearance of, 
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Capillarity, height of water raised by, 

7, 194, 

Capillary action in soil, 6, 103; experi- 

ments, 7, 194. 
flow of solutions, 7, 196; rate, 6, 

106. 

in soils, rate, 6, 105. 

rise of solutions, 6, 104. 

Caponizing, loss of birds by, 11, 238, 

16, 569. 

poultry, 9, 140. 

size of birds at time of operation, 

11, 2387, 245, 259. 

Capons, breeds. used for, 11, 237, 243. 

compared with cockerels, 11, 244, 

259, 260. 
competition in production of, 11, 

248. 

feeding experiments with, 11, 236, 

16, 22, 561. 

cost at different ages on whole or 

ground grain, 16, 573. 

cost of foods for feeding, 11, 242. 

foods used in experiments with, 11, 

240, 241, 242. 

gain on ground grain, 16, 571, 576. 

whole grain, 16, 572, 577. 

loss in weight by operation, 11, 

237, 245, 259: 

in dressing, 11, 243. 

market price, 16, 578. 

rations fed, 11, 240, 241, 264, 265, 

270. 

reason for experiments with, 11, 

236. 

relation of age and size to gain, 16, 

573. 

relative food consumption and gain 

on whole or ground grains, 16, 

575. 

size of feeding pens, 11, 242. 

skim-milk for, 11, 237, 244, 245, 
259, 264, 270. 

stock used in feeding experiments 

with, 11, 239. 

vs. cockerels, fattening, 8, 62. 

whole vs. ground grain for, 16, 561. 

Carabidae, natural enemy of cottonwood 

leaf beetle, 17, 332. 

Carbohydrate relations of feeding stuffs, 

18, 62. 

Carbohydrates as source of milk fat, 16, 

518. 

in food of milch cows, 10, 43, 73, 

90;.105,:.106, 11, 105, 122, 12, 

91, 108. 

of mixed feeds, 18, 60. 

Carbolic acid for carnation rust, 15, 

469; for potato scab, 6, 313. 

Carbon, action in plants, 14, 52. 

bisulphide, 14, 386. 

INDEX TO First TWENTY-FIVE REPORTS. 

Carbon, bisulphide as an insecticide, 22, 

342, 

dioxide and proteolysis in cheese 

ripening, 22, 165; effect on ac- 

tion of rennet in cheese ripening, 

22, 208; in cheese, sources, 22, 

180; in milk, 22, 180; from de- 

composition of milk sugar, 22, 

180 ; production in normal cheese, 

22, 169; from respiration from 

living cells in cheese, 22, 181; 

sources in cheese ripening, 22, 

28, 180. 
importance, 14, 41. 

occurrence, 14, 41. 

relation to fertilizers, 14, 49. 

Care and preservation of farm manures, 

14, 80. 

Carnallite, potash in, 14, 72, 74. 

Carnation cuttings, soaking in fungi- 

cides, 15, 475. 

Rhizoctonia on, 19, 116, 

rust, bordeaux mixture for, 15, 

467; combating, 15, 461; con- 

trolling without fungicides, 15, 

487; description, 19, 57; effect 

of salt on, 16, 18, 423; fungi- 

cides recommended for, 15, 467; 

history and distribution, 15, 463; 

parasite upon, 19, 55; popular 

errors regarding, 15, 464; pre- 

vention by spraying, 15, 29, 482; 

sulphur fumigation for preven- 

tion of, 15, 491; treatment of, 

15, 480; treatment  recom- 

mended, 15, 494, 

Carnations, effect of salt on growth, 16, 

423. 

Fusarium leaf-spot of, 18, 181. 

rust-resistant varieties of, 15, 492. 

Carneades messoria, life history and 

habits, 15, 634; notes on, 15, 628. 

Carpocapsa pomonella. (See Codling 

moth.) 

Caribbean guano, phosphoric acid in, 

Carrot, classification of varieties, 6, 133. 

description of varieties, 6, 133. 

index to varieties, 6, 143. 

notes on varieties, 1, 122, 6, 318, 

8, 326. F 

Rhizoctonia on, 19, 107. 

root system, 3, 312. 

Carrots, 12, 557. 

fertilizers for, 14, 101. 

from seeds of different 

gravity, 23, 366. 

plant food constituents in, 24, 374. 

variety tests, 2, 179, 3, 193, 4, 138, 

5, 236, .8, .275. 

specific 
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Case-bearers, 14, 349, 15, 545, 16, 461. 

Case-bearing insects on nursery stock, 

16, 460. 

Case, J. E., cheeses made by, 22, 221. 

Casein, acid saturation, 21, 182. 

acidity indicated by phenolphtha- 

lein, 25, 18. 

action of acetic acid upon, 25, 259; 

dilute acids on, 25, 18, 203; 

hydrochloric on, 25, 226, 227; 

lactic acid on, 25, 256; rennet 

and pepsin on, 22, 198; sulphuric 

acid on, 25, 251. 

adsorption of acids by, 25, 262. 

ammonia wash. (See Ammonia 

casein wash.) 

and acids, combination, 24, 2538. 

and albumen, amount lost’ by 

cheddar and _ stirred-curd proc- 

esses, 11, 448; in cheese, 11, 

370, 12, 405; in milk, 10, 365, 

41, 383, 12, 296, 356; in milk, 

influence of advancing lactation, 

10, 387; in milk, influence on 

composition of cheese, 10, 263, 

11, 420; in milk, influence on 

yield of cheese, 10, 269, 11, 429; 

in milk, relation, 10, 257; in 

milk, relation of fat to, 10, 365, 

ee 342901203745" in owhey;-'11, 

861; loss in making edam cheese, 
12, 258; loss in making gouda 

cheese, 12, 268; lost and _ re- 

covered in cheese making, 10, 

256, 274, 278, 11, 411; relation 

of fat to, in skim-milk, 11, 349. 

and lactic acid, definite combina- 

tion, 22, 69. 
paracasein in cheddar cheese, 

24, 237; nomenclature, 24, 

269; relation, 24, 257; salts, 

solubility, 21, 185; salts, 

study of, 21, 167. 

changes in, produced by ripening of 

cheese, 12, 281. 

compounds in cottage cheese, di- 

gestion, 23, 103. 

dilactate in milk souring, 23, 90. 

effect of temperature on action of 
acids on, 25, 232. 

fat and albumen, influence of, on 

composition of cheese, 10, 264, 

me 47. 

hydrolysis of sodium salt of, 25, 

278. 
in cheese, 11, 372, 12, 405; in- 

fluence of ripening, 10, 283; 

market value of, 15, 90, 92. 

in milk, 11, 835, 12, 358; action of 

rennet, 10, 224; as related to 

albuminoids in food, 10, 118; by 
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Casein, in milk — Continued. 

breeds, 11, 134, 12, 115, 120; by 

lactation periods, 10, 80, 106, 11, 

112, 12, 98, 108; by months, 10, 

57-70, 80, 97, 102, 15, 52; deter- 

mination, 12, 487, 21, 213; effect 

on yield of cheese, 10, 269; gen- 

eral averages, 10, 105, 141, 11, 

129; relation of albumen to, 19, 

257, 259; relation to composition 

of cheese, 10, 263; variation in, 

10, 139. 

in whey, 11, 362, 12, 392. 

influence of the ripening of cheese 

on, 10, 283. 

lactate, relation to cream ripening, 

24, 275. 

loss in cheese making, 10, 256. 

method of preparing, 25, 210. 

monolactate in milk souring, 23, 

90. 

monthly increase and decrease of, 

in milk, 15, 52. 

relation of albumen to, in milk, 

LEN338; 22) 8623 ot fatto in 

cheese, 11, 375, 379, ‘381, 12, 

260, 406; of fat to, in milk, 11, 

SEG IS a67) 2 tee tos Cielo 

82, 85, 88; of fat to, in skim- 

milk, 11, 349; to bases and 

acids, 24, 237; to fat in milk, 

variations of, 15, 46, 47. 

soluble in cheese, 11, 374. 

variations in total monthly yields, 

15, 56. 

with lime-sulphur-salt wash, 21, 

343. 

Caseoses in cheese, determination, 21, 

PAQ I 

in milk, determination, 21, 214. 

Casler, E. T., assistance on bulletin, 22, 

S2ie 

Castor-bean pomace, composition, 6, 

427; nitrogen in, 14, 63, 64; phos- 

phorie acid in, 14, 63; potash in, 14, 

68. 

Castration of grape blossoms, 

21, 366. 

Caswell spray pump, 

method, 

description, 16, 

Oe 

Catalogue of apple varieties (alpha- 

betically arranged), 25, 373-397. 

Catawba grape, effect of ringing, 17, 

515, 616. 

Caterpillars, leaf-eating, effect of lime- 

sulphur-soda wash on, 23, 197. 

Cattle, additions made to Station herd, 

10, 3. 

Darn we DIAN aassoOD: 

butter production of dairy breeds 

of, compared, 10, 299. 
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Cattle, comparison with reference to 

production of butter, 10, 299; of 

cheese, 10, 364. 

composition of excrement, 8, 152. 

dairy, investigation of, 10, 28. 

feeding, 12, 212, 14, 391. 

experiments, 5, 28, 8, 21. 

feeds, analyses, 5, 29, 8, 93, 9, 

nly iG 

digestible matter in, 8, 96. 

food, use of glucose or starch 

waste, 4, 16. 

nitrogeneous VS. carbonaceous 

ration for, 8, 117. 

silage for, 15, 647. 

solid excrement of, 8, 150. 

Cauliflower and cabbage bulletin, con- 

tents of, 10, 12; worms, spray- 

ing mixture for, 17, 389. 

fertilizer for, 14, 101. 

from seeds of different 

gravity, 23, 367. 

large vs. small seed, 4, 155. 

leaf scorch of, 18, 164. 

notes on varieties, 8, 382. 

plant food constituents in, 24, 374. 

roots, character of, 2, 219. 

rot, summary of work, 22, 24, 27. 

tip burn of, 18, 164. 

specific 

variety tests, 1, 134, 2, 187, 3, 

P1354 154 F419 D288. 

Celeriac, description of varieties, 6, 

Pde Ray 

index to varieties, 6, 217. 

test of varieties, 3, 219. 

Celery caterpillar, notes on, 21, 256; 

repression, 21, 257. 

center blight, 11, 571, 14, 3 

cercospora, 11, 579. 

description of varieties, 6, 218. 

diseased seedlings, 11, 578. 

diseases, 11, 571. 

experiments in blanching, 8, 220; 

spraying, 11, 581. 

fertilizers for, 14, 101. 

index to varieties, 6, 223. 

leaf-spot diseases, 11, 574, 14 

Sirs 

methods of culture, 2, 190. 

notes on culture, 1, 136; varieties, 

9128 t 

phyllosticta, 11, 580. 

Rhizoctonia on, 19, 107. 

root system, 3, 314. 

rusts, 11, 581. 

seed treatment, 11, 579. 

Septoria, 11, 577. 

spraying with copper, 

583. 

stalk blight, 11, 574. 

treatment for center 

573. 

-l Ot 

’ 

safety, 11, 

blight, 141, 

INDEX TO First TWENTY-FIVE REPORTS. 

Celery, variety tests, 2, 190, 3, 218, 4, 

203, 5, 241. 
Cellar, nursery, trouble of pears, 20, 

17, 143. 

Center blight of celery, 11, 571. 

Central curing room for cheese, 20, 213. 

lakes pomological district of New 

York, apples for, 25, 363. 

Centrifugal and _ setting methods of 

creaming compared, 10, 391, 11, 469. 

Cephalothecium roseum, decay similar 

to, due to Hypochnus, 22, 109; para- 

sitism of, 21, 144. (See also Apple 

rot, new.) 

Cercospora angulata, notes, 18, 424, 20, 

129. 

(See also Leaf-spot, currant.) 

apti. (See Celery cercospora.) 

microsora on linden, 15, 454. 

viticola. (See Grape leaf blight.) 

Cereal crops and fruit trees, ash, 190, 

173: 

feeds, analyses, 21, 425. 

Cereals, statistics of growth, 5, 114. 

tillering of, 5, 118. 

Ceres powder for prevention of oat 

smut, 16, 296, 300, 302. 

Chaetomium contortum, on barley seed- 

lings, 18, 182. 

Chaff, fertilizer constituents in, 10, 421. 

Chamberlain, F. O., on Board of Control, 

15, V. 

Champion grape, effect of ringing, 17, 

5 LD eowGs 

Champlain and St. 

apples for, 25, 359. 

Changes, chemical, in milk souring, 23, 

17, 81: 
in Station staff, 19, 9, 23, 9, 24, 7, 

25, 7. 

Chard, Swiss notes, 1, 122, 12, 557. 

Chart of composition and _ fertilizing 

value of foods, 10, 3, 22. 

Chase, A. C., on Board of Control, 14, VY. 

Cheddar and_ stirred-curd processes, 

amount of casein and albumen 

lost by, 10, 274.) Sia 

amount of fat lost by, 10, 2738, 

11, 448; compared, 10, 273, 11, 

448; composition of cheese as in- 

fluenced by, 10, 275. 

cheese. (See Cheese, cheddar. ) 

Cheese, advantages of cold storage, 22, 

2324 oO: 

albumen in, 11, 374. 

amido compounds in, 21, 221, 22, 

241. 

ammonia in, 21, 227, 22, 242. 

analyses of, 11, 310, 12, 253, 288, 

328, 22, 214-217, 237-269. 

analysis of, 10, 230. 

Lawrence valleys, 
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Cheese and butter comparative profits 

derived from 14, 21; for breeds 

compared, profits of, 10, 368; 

production of breeds compared, 

10, 368. 

and milk, comparative profits de- 

prived from, 14, 16, 19; composi- 

tion of, 10, 221, 11, 310, 12, 2538, 

288, 328; estimation of proteo- 

lytic compounds, 21, 194, 196, 

213. 
arginine in, 21, 224. 

casein in, 11, 372. 

and albumen in, 12, 405. 

cause of chemical changes in ripen- 

ing, 10, 280. 

central curing rooms for, 20, 213. 

cheddar and_ stirred-curd, differ- 

ences in manufacture, 10, 

278. 

casein and paracasein in, 24, 

237; chemical changes in 

making, early studies, 21, 

169 ; compounds in, 21, 216; 

how made, 10, 225; relation 

of casein and paracasein 

salts to, 21, 167; rusty spot 

ii PA ee Stow lS) sweet 

flavor in, 19, 40. 

chemical analysis, methods, 20, 

171; changes of ripening process, 

10, 279. 

chloroform, chemical changes in, 

20, 192; ripening process in, 20, 

186; proteolytic end products in, 

22, 175; salt soluble product in, 

SA 071. 

cold cured, composition, 22, 237. 

stored, amount of paracasein 

monolactate in, 22, 241. 

comparative production of dairy 

breeds, 10, 364. 

composition, 11, 364, 382, 12, 397, 

417. 

influenced by cheddar’ and 

stirred-curd processes, 10, 
275; by use of commercial 

and homemade _ rennet-ex- 

tract, LOW 2785 

relation to composition of milk, 

10, 261. ; 

when green and at five months, 

1 a 

compounds, chemical decomposition, 

ae LS 

conditions of manufacture of, 19, 

Zor wseol4. 12 263.1267, 290) 

331. 

cost of producing, 14, 14. 

by breeds, 10, 367. 

cottage. (See Cottage cheese.) 

Cheese and cream, 

3h> 

comparative profits 

derived from, 14, 22. 
curing at different temperatures, 

22, 218. 

rooms, construction, 20, 215; 

control, 20, 197, 216—218; 

temperature control, 20, 196, 

216; use of hygrometer in, 

12, 269 ; summaries of 

work, 21, 18, 22, 25. 

description of flavor and texture 

of, 10, 251. 

determination of amido-acid com- 

pounds in, 21, 201; caseoses in, 

ak aed me TIL TOSeN ERIN ek vos 

paranuclein in, 21, 199; pep- 

tones in, 21, 202; proteids in, 

21, 201; unsaturated paracasein 

lactate in, 21, 213; water-soluble 

nitrogen, 21, 199. 

dutch. (See Cottage cheese.) 

edam, addition of rennet to milk 

in making, 12, 246; analyses of, 

12, 254": eurings, La: 248; 

definition of, 12, 245; dress- 

ing, 12, 247; experiments in 

manufacture, 11, 233, 12, 244; 

filling molds in making, 12, 247; 

loss of casein and albumen in 

making, 12, 258; loss of fat in 

making, 12, 257; loss of milk 

constituents in making, 12, 256; 

method of manufacture of, 12, 

245; pressing, 12, 247; qualities 

of, 12, 251; room for,.12, 249- 

salting, 12, 248; treatment of 

milk before adding rennet, 12, 

245; utensils employed in mak- 

haleqaenl B-peAs a 

effect of cold storage on moisture, 

22, 240. 

of moisture on commercial 

quality, 20, 210; of paraf- 

Vine eae eet. oon OF 

paraffiining on market value, 

2, 235; of temperature of 

curing, 19, 251. 

experiments, amount of rennet ex- 

tract used in, 12, 331; condi- 

tions of manufacture in, 11, 314, 

12, 263, 267, 290, 331; detailed 

description of, 10, 232; in cur- 

ing at different temperatures, 22, 

218; in the manufacture of, 10, 

220; relating to manufacture of, 

12, 263, 267, 290, 331; time re- 

quired for rennet to coagulate 

Mike Lae doo, 

factories, common method of paying 

for milk at, 10, 288; fat as basis 

of payment for milk, 10, 289; rea- 

sons for using the milk fat as a 
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Cheese factories — Continued. 

basis in paying for milk at, 15, 

105; work on rusty spot in, 21, 

27, 338, 36, 38, 40, 41, 47. 

fat in, 11, 368, 12, 403. 

flavor and texture, 10, 251; flavor 

in, 19, 33; flavor, relation of 

conditions of ripening to, 22, 267; 

flavor, yeast in, 19, 34. 

gouda, addition of rennet to milk, 

in making, 12, 246; curing, 12, 

265; curing room for, 12, 265; 

definition of, 12, 264; dressing, 

12, 265; filling molds in making, 

12, 265; loss of casein and albu- 

men in making, 12, 268; loss of 

fat in making, 12, 268; method 

of manufacture of, 12, 264; 

salting, 12, 265; treatment of 

milk before adding rennet, 12, 

264. 

hystidine in, 21, 223. 

immediate sale and removal, 20, 

213. 

in cold storage, scoring, 22, 228. 

influence of composition of milk’ on 

composition of, 10, 261, 11, 417; 

composition of milk on yield of, 

10, 267, 11, 421; division on 

digestibility, 23, 107; fat in milk 
on composition of, 10, 261, 11, 

418; fat in milk on yield of, 19, 

267, 11, 427; ripening on acidity, 

10, 285; ripening on casein, 10, 

283; ripening on the fat, 10, 

282. 
investigation, bulletin of, 10, 13; 

difficulties connected with, 10, 

230; lines of work marked out 

for future, 10, 287; plan, 10, 

287; results of, applied to practi- 

cal dairy problems, 19, 288. 

investigations and practical dairy 

problems, 10, 288. 

general summary of results of, 

10, 295, 11, 455, 12, 475. 

lactic acid bacteria in, 22, 73. 

loss of fat in cold storage, 20, 212. 

loss of weight in cold storage 22, 

225. 
in ripening, 10, 281, 20, 18, 

194, 205. 

lysatine in, 21, 223. 

lysine in, 21, 225. 

made from milk containing added 

cream, relation of fat to casein 

in, 11, 381; pasteurized milk, 22, 

204; skimmed milk, relation of 

fat to casein in, 11, 379. 

making, abnormal softening of curd, 

due to unsaturated casein lactate, 

21, 190; addition of rennet in, 

Cheese making — Continued. 
10, 226; and butter-making com- 

pared, 10, 294; and science, 10, 

228; casein and albumen lost 

and recovered in, 10, 256, 11 

411, 12, 308, 442; cheddar, re- 

lation of paracasein lactate to, 

21, 188; comparison of methods 

of paying for milk, 15, 98, 99, 

100, 101, 102; cutting curd in, 

10, 226; description of milk 

used in, 10, 229; details of 

process, 10, 225; effect of adding 

skim milk to different milks in, 

15, 93, 95; effect of cutting curd 

coarse, 11, 451; effect of cutting 

curd in hard and in soft condi- 

tion, 11, 451; exposing milk to 

foul odors, 11, 454; shutting up 

milk in cans, 11, 453; tainted 

milk, 11, 452; using different 

amounts of rennet, 11, 450; ex- 

periments, 10, 232-251; experi- 

ments, amount of cheese made, 

11, 306, 12, 324; experiments, 

amount of milk used, 11, 304, 

12, 323; experiments, amount of 

rennet-extract used, 11, 315; 

experiments, amount of whey 

made, 11, 305; experiments, 

character, 11, 299, 12, 319; ex. 

periments, extent, 11, 302, 12, 

321; experiments, number of, 11, 

303, 12, 321; experiments, num- 

ber of analyses made, 11, 308, 

12, 324; experiments, points in- 

vestigated in, 11, 301, 12, 320; 

experiments, temperature of milk 

when rennet was added in, 11, 

317, 12, 332; experiments, tem- 

perature used in heating curd in, 

11, 321, 12, 334; experiments, 

with rich normal milk, 12, 285; 

fat lost and recovered in, 190, 

252, 11, 403, 12 432" losgewoe 
milk constituents in, 10, 252, 11, 

400, 12, 421; milk fat as a 

basis for paying for milk for, 15, 

97; removing fat from different 

milks in, 15, 96, 97; stirring and 

heating curd in, 10, 226; time 

consumed in, 11, 326, 12, 340; 

time required for rennet to co- 

agulate milk, 11, 319; treatment 

of milk before adding rennet, 10, 

225. 

manufacture of whole milk and 

skim-milk, 10, 290, 11, 440. 

stirred-curd and cheddar proc- 

esses compared, 10, 273, 11, 

448. 



NEw YorK AGRICULTURAL EXPERIMENT STATION. a777 

Cheese, market value increased by cold 
storage, 22, 233. 

of casein and water in, 15, 

90, 92. 

milk and whey, analyses of, 11, 

310, 12, 2538, 288, 328; explana- 

tions, 11, 309. 

milk, butter and cream, compara- 

tive profits derived from selling, 

14, 11. 

milk for one pound, 10, 271, 12, 

462. 

moisture affecting weight of, 20, 

207. 

affected by temperature, 20, 

202; by texture, 20, 202: 

in, 20, 211; in preventing 

loss, 20, 2138. 

normal and chloroform, difference 

in behavior, 22, 184. 

chemical changes in, 20, 192; 

production of carbon dioxide 

in, 22, 169; proteolytic end 

products in, 22, 171; salt- 

soluble product in, 21, 173. 

notes on analytical methods, 10, 

Zo. 

paraffining, summary of experi- 

ments, 22, 29. 

paranuclein in, 21, 218. 

process of manufacturing, 10, 225. 

producing constituents of milk, 15, 

39. 

power of milk fat, different in 

different milks, 15, 90. 

production, comparison of dairy 

breeds, 10, 364; influence of ad- 

vancing lactation, 10, 387; milk 

fat as a basis for measuring, 15, 

89. 

quality improved by cold storage, 

22, 231. 

quick ripening, conditions for, 22, 

266. 

relation of fat to casein, 11, 375, 

12, 406. 

remedy for defect in method of 

judging value of, 10, 294. 

ripening, action of rennet enzym 

with acid, 22, 196: and acids. 

relation, 22, 28, 63: carbon 

dioxide and proteolysis in, 22, 

165; changes in, 10, 279, 22, 

239; changes in casein, 12, 281; 

conditions affecting chemical 

changes in, 22, 29, 243; effect 

of abnormal conditions, 22, 

207; effect of proteolytic prod- 

ucts, 22, 263; effect of salt on 

ActIOnMmOoOT Teinet sees.) ) 206:) ain- 

fluence of moisture, 22, 264; in- 

fluence on acidity, 10, 285; in- 

Cheese ripening — Continued. 

fluence on casein, 10, 283; in- 

fluence on fat, 10, 282; loss of 

fat and casein in, 12, 280; loss of 

water in, 12, 278; loss of weight 

in, 12, 278; loss of solids in, 

12, 279; normal, biological fac- 

tor necessary, 22, 186; process, 

20, 186; process, study of, 12, 

276; relation of acid to, 22, 265; 

relation of moisture to, 22, 253; 

relation of rennet to, 22, 259; 

relation of salt to, 22, 256; re- 

lation of temperature to, 22, 

250; relation of time to, 22, 

247; relation of unsaturated 

casein lactate to, 21, 191; rennet 

enzyme in, 22, 28, 188; sources 

of carbon dioxide in, 22, 28; 

transient and cumulative prod- 

ucts in, 22, 262; use of com- 

mercial pepsin in, 22, 200; with- 

out acid, rennet enzyme in, 22, 

195. 

salt-soluble product, nature of, 21, 
175. 

sampling for chemical analysis, 21, 

LO hs 

slow ripening, conditions for, 22, 

266. 

solids in, 11, 367, 12, 401. 

soluble casein in, 11, 374. 

sources of carbon dioxide in, 22, 

180. 

stirred-curd, how made, 10, 227. 

study of enzyms in, 20, 19, 165. 

summary of conditions of manu- 

facture of, 10, 250, 11, 314, 12, 

331. 

tetramethylenediamine in, 21, 226. 

texture, relation of conditions of 

ripening to, 22, 268. 

variation in milk, 15, 88. 

variations in, 15, 49, 50. 

in total monthly yields, 15, 56. 

water in, 11, 365; value to con- 

sumers, 20, 212; value to 

dairymen, 20, 209. 

soluble nitrogen compounds in, 

22, 241. 

soluble products in, extraction, 

21, 198. 

whey and milk, analyses of, 10, 

Paewiks, SLU: 

whole milk and skimmed milk, 

manufacture, 10, 290. 

weight, affected by moisture, 20, 

201, 207. 

yield and milk fat, 15, 66. 

for each pound of fat in milk. 

10, 290, 11, 434, 12, 469. 

influenced by advancing lacta- 
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Cheese, yield — Continued. 

tion, 10, 388; by cheddar 

and stirred-curd processes, 

10, 275, -11, 448; by com- 

position of milk, 10, 267; vy 

use of commercial and home- 

made rennet-extract, 10, 279. 

monthly by breeds, 10, 367. 

increase and decrease of, in 

milk, 15, 52. 

relation of fat in milk to, dur- 

ing’ season, “15°72 15," °7; 

TO ,eS2,8O0; SS. 

variations in, relation of fat 

tor Vo hoes 

Cheeses, analyses, 22, 214-217, 

269. 

in cold storage, description, 22, 

220; of different sizes, weight 

lost by, 22, 227. 

Chemical analysis, methods, 2, 163, 6, 

237, 

462; of cheese, methods used, 

20-171 of soils, $2755: 

changes in cheese, 20, 192; mak- 

ing, earlier studies, 21, 169; 

ripening, 10, 279, 280; cause 

of, 10, 280; conditions af- 

fecting, 22, 29, 243. 

late growth of corn, 8, 88. 

milk souring, investigation 

23, 17, 81, 86; tabulation, 

23, 87. 

composition of cold cured cheese, 

22, 237. 

decomposition of cheese compounds, 

22, 182. 

Department, inspection of commer- 

cial fertilize*s by, 15, 24; re- 

Nort. Of, Loa G29 ee eo, 

1S. 2190 20,2163.) 28, 165.0 22, 

165, 23, 81, 24, 235, 25, 201: 

WOl Ke OlenchOe Zieh" the olla 

26, 18, 15, 20, 18, 22, 28, 23, 

A ieneee, 20 eee aL 8. 

differences of phosphates, 14, 67. 

elements, 14, 37. 

Laboratory, 10, 1. 

equipment of, 1, 16. 

work, 11, 22, 12, 242. 

arrangement of, 10, 219, 11, 

298, 12, 242, 14, 11. 

at Station, outline, 9, 101. 

Chemicals and incomplete _ fertilizers, 

average composition, 17, 97, 280. 

fertilizer, dealers in, 22, 400. 

Chemist, addresses given by, 11, 

12, 242. 

and Acting Director, report of, 14, 

oo. 

299, 

~ o« Assistant, OL, 40, Wacol aa, 

405. 

report 
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Chemist, bulletins 

298; 12, 242. 

report of, 2, 149, 3, 329, 4, 293, 5, 

297, 6, “ST2)-T 92345) eeaes 

170, 10, 216,° 20, 205-° Tareas, 

LO St, LE Or 

Station, duties of, 1, 26; work of, 

10, 5. 
Chemistry, lines of work in 15, 22. 

summary of analytical work, 9, 171. 

Chemists, assistant, appointments, 16, 

7, 22, 11, 24, 9. 

associate, appointment, 22, 10. 

Chester, F. D., co-operating with Sta- 

tion, 24, 65; report from, 24, 75. 

Chestnut trees, effect of hydrocyanic 

acid gas on, 20, 296. 

Chenango group of apples, 25, 344. 

prepared by, 11, 

Chenopodium album. (See Pigweed.) 

Cherries and plums, rotting, notes on, 

4, 280. 

fertilizers for, 14, 102. 

plant food constituents in, 24, 372. 

spotted by bordeaux mixture, 15, 

406, 16, 214. 

varieties tested, 3, 21, 7, 93, 99, 8, 

352, 356, 9, 347, 12, 613, 45, 
288. 

variety misnamed, 17, 564. 

winter injury to, 15, 427. 

Cherry aphis, 14, 380. 

black-knot, 14, 351, 18, 419; treat- 

ment, 9, 339. 

buds, effect of  hydrocyanic 

gas on, 20; 271° 

disease of, 15, 459. 

diseases in the Hudson valley, 18, 

195. 

netes on black-knot, 18, 419; 

fruit-rot, 18, 420; gumming, 

18, 422; leaf-spot, 18, 421. 

prevalence of, 19, 185. 

foliage injured by spraying with 

bordeaux mixture, 15, 405, 

16-213: 

not injured by bordeaux mix- 

ture, 15, 406, 16, 214. 

fruit pedicels, shot-hole fungus on, 

20, 146. 

fruit-rot, 14, 351, 15; 403; 

hail injury to, 19, 186. 

insects, notes on, curculio, 18, 422; 

fruit bark beetle, 18, 422; mag- 

got, 18, 422; plant lice, 18, 423; 

San Jose scale, 18, 416, 449; 

slug, 18, 424. 

leaf-blight of, 11, 634, 14, 352, 

379; Mahaleb cherry stocks, 11, 
655; Mazzard cherry attacked by, 

11, 654, 657. 

acid 
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Cherry leaf scorch of, 18, 159, 19, 186. 

spot, bordeaux mixture for, 16, 

214; occurrence, 18, 196; 

results of treatment, 15, 27; 

treatment for, 15, 402, 16, 
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Lutovka, 14, 274. 

nursery stock, preventing leaf- 

blight, 12, 688. 

orchards, prevention of fungus 

diseases in, 15, 402. 

shot-hole fungus, 20, 17, 146. 

slug, 14, 353. 

trees, analyses of, 10, 163; com- 

position, 10, 163-173; witches 

brooms on, 14, 532. 

Chicks and capons, feeding experiments, 

tee sso OL: 

cost of food for given growth, 16, 

568; of gain on whole or ground 

grain, 16, 567; of growing, 109, 

193, 11, 238, 12, 217; of hatch- 

ing, 12, 216; of production on 

whole and ground grain, 16, 568; 

of, when hatched, 11, 2388. 

experiment with, 24, 36. 

fed animal meal, gain, 17, 50, 54. 

vegetable food, gain, 17, 51, 

5D: 

feeding experiments with, 18, 79, 

106. 

food rior, 212, 217. 

gain on ground grain, 16, 565. 

whole grain, 16, 566. 

importance of mineral matter for, 

aa, Qe08T. 

rapidity of growth on whole and 

ground grain, 16, 568. 

relation of food to growth, 16, 568. 

results from use of concentrated 

by-products, 24, 37. 

skim-milk for, 10, 189. 

Valuer leerit tor s22, 23, 37. 

whole vs. ground grain for, 16, 561. 

Chloride of copper, strength applied as 

fungicide, 15, 468. 

sodium. (See Sodium chloride. ) 

Chlorine, action in plants, 14, 54. 

description, etc., 14, 45. 

relation to fertilizers, 14, 50. 

Chloroform cheese. (See Cheese, chloro- 

form. ) 

f determination in milk and cheese, 

ei ee 215. 

effect of fat on antiseptic value, 20, 

176. 

on action of enzyms, 20, 174. 

on action of rennet in cheese 

ripening, 22, 209. 

Chicory, notes on varieties, 3, 286. 

Chili saltpetre, 14, 62. 

China aster, Rhizoctonia on, 19, 116. 
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Chinch bug, notes on, 15, 531. 

Chionaspis furfurus. (See Scurfy bark 

louse. ) 

Chou de Burghley, notes on, 4, 222. 

Churchill, G. W., Acting Pomologist, 9, 

Vet Agriculturist,” “L15)-Vis° appoint- 

ment, 3, 11; bulletins by, 16, 588, 

20, 223; farmer, 3, 3; reports, 4, 

354, 8, 337, 9, 309, 10, 491. 

Churning, temperature for, 8, 207, 10, 
316. 

influence of advancing lactation 

upon, 10, 885. 

time of, 10, 316. 

Chrysanthemum leaf spot, 11, 557. 

septoria, 11, 557. 

Chrysobothris femorata. 

tree borer.) 

Cicada, dog day, 21, 247. 

periodical, adult, 21, 240; broods, 

21,°2438; eggs, 21, 235; egg de- 

positing, 21, 242; habits above 

ground, 21, 239; hut building, 

21, 240; in New York, expected 

broods, 21, 246; in western New 

York, 1899, 21, 244; injury, 21, 

O41 lary Loo. lites history. 

of, 21, 235; location in soil, 21, 

237. “methods of “control; -2E 

247; natural enemies, 21, 247; 

notes on, 21, 234; numbers de- 

creasing, 21, 245; pupa, 21, 237; 

song, 21, 240; summary of life 

history, 21, 248. 

septendecim. (See Cicada, periodi- 

cal.) 

Cider, acetic fermentation, 238, 148. 

aleoholic fermentation in, study, 

23, 144. 

and vinegar, study, 16, 15. 

behavior of malic acid in, 238, 157. 

effect of adding vinegar on acetic 

fermentation, 28, 152; of adding 

yeast on alcoholic fermentation, 

23, 147; of straining on acetic 

fermentation, 23, 154. 

from different varieties of apples, 

composition, 23, 138, 141. 

management of acetic fermentation, 

23, 148. 

relation of temperature to acetic 
fermentation in, 28, 150; tem- 

perature to alcoholic fermenta- 

tion in, 23, 146; time to acetic 

fermentation in, 23, 149; time to 

aleoholic fermentation in, 23, 

145. 

sterilizing effect on loss 

acid, 23, 160. 

vinegar, chemistry of, 23, 133. 

experiments in making, 23, 19. 

(See Apple 

of malic 
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Cigar-case-bearer and pistol-case-bearer, 

resemblance, 15, 547; notes on, 15, 

547, 16, 461, 18, 409; on nursery 

stock, 16, 461. 

Cions to be grafted, 10, 498. 

Circular relative to new apple rot, 21, 

143. 

Circulars issued, 25, 24. 

reprinted, 21, 401, 22, 79, 23, 223, 

25, 106, 449. 

Cladosporium species on cucumber, 6, 

316. 

Clark, Arthur W., appointment, 24, 9; 

Assistant Chemist, 24, VII. 

Datus, potato spraying experiments, 

24, 126, 25, 150. 

Prof. S. W., on Board of Control, 

1, 4. 

L. T., co-operative work by, 24, 68. 

Vinton A., appointment, 21, 10; 

Assistant Horticulturist, 21, VII; 

bulletins by, 22, 321, 23, 229, 

250, 335; resignation, 25, 9. 
Classes of fertilizers collected, 16, 33, 

1388. 

Classification of feeding stuffs, 18, 40. 

Clay, action of, 14, 56. 

loam, analyses, 17, 487. 

Clegg, J. D., potato spraying experi- 

ment, 24, 168. 

Clematis, disease of, notes, 3, 383. 

Cleveland, Gov. Grover, on Board of 

Control, 2, 3. 
Clifton Springs, potato spraying experi- 

ment at, 24, 117. 

Climate affecting sugar 

193. 

and crops, 6, 6. 

notes on, 2, 31, 3, 23, 6, 3. 

relation to growth of corn, 4, 9. 

(See Meteorological records.) 

Clisiccampa americana. (See Apple- 

tree tent-caterpillar. ) 

disstria. (See Forest tent-caterpil- 

lar.) 

Close, Charles P., articles by, 15, 269. 

408, 440; Assistant Horticulturist, 

15, V; bulletins by, 16, 294, 18, 321; 

resignation, 18, 6. 

Clover, alsike. (See Alsike clover.) 

and timothy hay, analysis, 10, 40. 

“crimson, fertilizing materials con- 
tained in, 14, 93. 

fertilizers for, 14, 103. 

for silage, 15, 643. 

forage, analysis of, 10, 40. 

hay, fertilizing value of, 14, 76. 

influence of fertilizers on composi- 

in beets, 16, 

tion, 6, 441. 

leaf weevil, disease of, 4, 285, 5, 

274. 
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Clover, mammoth, as a cover crop for 

orchards, 15, 443. 

red, fertilizing materials contained 

in, 14, 93. 

food value, 16, 555. 

rust of, 15, 458. 

seed, germination, 23, 357. 

silage, analysis of, 10, 40. 

sweet. (See Sweet clover.) 

vs. oats and peas for swine, 9, 152. 

Clovers, root studies of, 4, 261, 265. 

Club fertilizers, 14, 119. 

root of cabbage, 14, 525. 

shell-lime for, 14, 527. 

Coagulation of milk, relation to amount 

of acid, 23, 90. 

Coal ashes for potato scab, 7, 225. 

Coccinella 9-notata attacking plant lice, 

16, 478. 

Coccinellidae, natural enemy of cotton- 

wood leaf beetle, 17, 332. 

Cockerels, caponizing, 9, 140. 

compared with capons, 

259, 265, 266. 

fed animal meal, gain, 17, 57. 

vegetable food, gain, 17, 58. 

vs. capons, fattening, 8, 62. 

Codling moth, 14, 349, 368; 18, 412, 

458; applications for, 7, 144; effect 

of lime-sulphur soda wash on, 23, 

194; effect of sulphur washes on, 

24, 304, 308, 320; insecticides for, 

6, 98; paris green for, 4, 246; potas- 

sium sulphide for, 7, 146; remedies, 

9, 344, 14, 350. 

Coefficient of purity of sugar beets, 16, 

199, 17, 438; conditions influencing, 

16, 199; grown with fertilizers, 20, 

228, 231, 232; grown with manure, 

20, 229. 

Cold cured cheese, amount of paracasein 

monolactate in, 22, 241; com- 

position, 22, 237; scoring, 22, 

228. 
curing of cheese, experiments, 22, 

218. 

storage cheeses, 

220. 

of apples, 

11, 244, 

description, 22, 

effect on new rot, 

21, 158; of cheese, advan- 

tages, 22,° 282; ~236"svof 

cheese, effect on moisture, 22, 

240; improves quality of 

cheese, 22, 231; increase in 

market value of cheese by, 

22, 233; loss of weight by 

cheese in, 22, 225; rooms 

for Station, 10, 4; repairs 

on rooms for Station, 12,.6. 

water for spraying potatoes, 25, 

180. 
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Coleophora  fletcherella. (See Cigar- 

case bearer.) 

malivorella. (See Pistol-case 

bearer.) 

Collar rot of apricots, 19, 180. 

Collards, note on, 4, 222. 

Colletotrichum antirrhini, description, 

19, 62; on snapdragon, 19, 61; 

on yellow-toad flax, 20, 148. 

lagenarium, damage to cucumbers, 

16, 350. 

lindemuthiamum. 

thracnose. ) 

Collier, Dr. Peter, address of, on work 

of Station, 11, 12. 

reports as Director, 7, 3, 8, 6, 9, 7, 

aGea1) 11, 8°12, 5,13, 5. 

Color and specific gravity of seeds, cor- 

relation, 23, 361. 

apples changing in, during storage, 

23, 271. 

of apples, effect of ashes, 16, 331; 

effect of thinning, 22, 310. 

paris green, 18, 243. 

Colorado potato beetle, test of spraying 

mixtures for, 15, 609. 

Colostrum, composition of, 1, 25. 

Colyer, R. C., potato spraying experi- 

ment, 24, 130. 

R. H., potato spraying experiment, 

(See Bean an- 

24, 132. 

Combating striped beetle, experiments, 

15,210. 

striped beetle on cucumbers, 18, 

251. 

Comfrey, prickly. (See Prickly com- 

frey.) 

Commercial feeding stuffs. (See Feed- 

ing stuffs.) 

fertilizers. (See Fertilizers, com- 
mercial.) 

fertilizing materials, composition, 

10, 417. 

insecticides, 22, 343. 
pepsin, action on milk casein, 22, 

198. ; 
vaiuation and selling price of fertil- 

izers, 18, 225, 236, 22, 21. 

valuation of fertilizers, 16, 36; 

making, 10, 409; rule for calcu- 

lating, 16, 37. 

valuations of mixed fertilizers, how 

to make, 14, 133. 

Companies selling unmixed materials, 

addresses of, 14, 119. 

Comparison of selling price and com- 
; mercial valuation of fertilizers, 

16, 141. 

of soil mixtures for forcing head 

lettuce, 17, 461. 

Complete bulletins, character, 16, 11. 
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Composition and value of by-products 

and waste materials, 14, 148; 

dairy products, 14, 148; farm 

animals, 14, 148; farm manures, 

variation in, 14, 74; fruits, 14, 

147; grains and other seeds, 14, 

146; green fodders, 14, 145; 

hay and dry coarse fodders, 14, 

145; liquid and solid manure, 14, 

82; materials used in fertilizers, 

14, 143; mill products, 14, 147; 

roots, bulbs, etc., 14, 146; straw, 

chaff, etc., 14, 146; vegetables, 

14, 147. 

and yield of milk, 16, 506. 

chemical, of Paris green, 18, 238. 

of alfalfa, 16, 555; cheese, study 

of, 12, 396; cheese, 22, 214-217, 

237, 269; complete fertilizers, 

LS oor los COL, a kG. ODO 

feces, 16, 528, 535; feeding 

stuffs, 1G 534 2158 424 

fertilizers, 16, 33, 138, 22, 21; 

foods fed dairy cattle, 10, 40, 11, 

53; foods fed to laying hens, 15, 

670; fruit trees, 10, 162, 11, 

173; incomplete fertilizers, 16, 

140; milk, 11, 138, 140; milk 

and composition of cheese, rela- 

tion, 10, 261; milk, effect on 

yield of cheese, 10, 267; milk, 

study of, 10, 139, 11, 327, 12, 

341; potatoes, effect of spraying 

on, 21, 94, 22, 1382; potatoes, 

influence of potash salts, 16, 611; 

poultry’ foods, 17, 49, 18, 79; 

sugar beets, 16, 191, 17, 444; 

whey, study of, 12, 384. 

partial, of potatoes, 16, 607. 

of urine, milk and feces, 16, 

504. 

Compounds in cheddar cheese, 21, 216. 

Compressed air spray outfits, 22, 379. 

Concentrated extract of tobacco for 

plant lice, 16, 475. 

feeding stuffs, 18, 69. 

(See Feeding stuffs.) 

Concord grapes, effect of ringing, 17, 

5138; 514, 515. 

Condimental feeding stuffs, 22, 445. 

foods, analyses, 18, 65. 

comments on, 18, 65. 

Condys fluid for hollyhock disease, 9, 

380. 

Coniothyrium fuckelii, cause of 

berry cane blight, 21, 114. 

inoculation experiments, 21, 115. 

Conotrachelus crataegi. (See Quince 

curculio. ) 

nenuphar. (See Plum curculio.) 

Conservation of manure, 8, 23. 

Constant temperature apparatus, 6, 355. 

rasp- 
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Construction of silo, 15, 648. 

Consumers of feeding stuffs, suggestions 

to, 20, 388. 

Continuous pasteurizer, efficiency of, 18, 

ie 

Control of temperature in_ biological 

and dairy building, 16, 9. 

Cook, Amasa D., Assistant Chemist, 11, 

V; resignation, 20, 10. 

H. E., potato spraying experiment, 

24, 120. 

Cooking quality of potatoes, effect of 

spraying, 24, 105. 

Co-operative experiments, 19, 13, 23, 

14; with sugar beets, 17, 432. 

Copper, basic carbonate, mixure, 11, 

674. 

borate mixture, 11, 678. 

carbonate, ammoniacal, and soap, 

22, 332; ammoniacal solution of, 

14, 383; analyses of, 10, 396; 

composition, 10, 395; for goose- 

berry mildew, 18, 327; proper- 

ties of, 10, 395. 

chloride of, strength applied as 

fungicide, 15, 468. 

compounds, detection of impurities, 

10, 400. 
safety on celery, 11, 583. 

green arsenite of. (See Scheele’s 

green.) 

in sprayed and unsprayed celery 

plants, 11, 584. 

on sprayed grapes, 10, 401. 

silicate mixture, 11, 675. 

sucrate mixture, 11, 675. 

sulphate and ammonia for carna- 

tion rust, 15, 469; and copperas, 

distinction and use in spraying, 

24, 190; analyses of, 10, 394; 

buying, 14, 384; composition, 10, 

392; dissolving, 14, 384; for 

carnation rust, 15, 470; for 

gooseberry mildew, 18, 327; for 

oat smut, 5, 128; mixture, 11, 

676; properties of, 10, 393; 

soaking carnation cuttings in, 

15, 476; saturated solution, 16, 

228; solution, 14, 385; solution, 

formula, 22, 331; spore germina- 

tion in, 15, 471; stock solution 

for bordeaux mixture, 16, 228. 

Copperas and copper sulphate, distinc- 

tion and use in spraying, 24, 190. 

solution, 14, 386. 

for oat smut, 4, 129. 

“‘Copperdine,’’ composition, 10, 397. 

dry, analyses of, 10, 397. 

liquid, analyses of, 10, 398. 

Core decay of Baldwin apples, 22, 114. 

Coreopsis lanceolata, Rhizoctonia on, 

19, 118. 

Gore eae oo: 

and corn fodder, water in, 6, 439. 

corn meal, fed to pigs, 12, 

235 ;. for poultry may ee, 

1223 

oat feeds, analyses, 21, 427. 

anthers, composition, 6, 427. 

as a forage plant, 3, 102, 5; 51. 

ash analyses, 2, 163. 

best stage for ensiling, 7, 264, 8, 

83, 86. 

varieties for silage, 8, 80. 

butt vs. tip kernels for seed, 1, 41, 

46, 2, 130, 3, 90, 4, 48. 

changes, in albuminoid in late 

growth, 8, 89; in composition 

during growth, 8, 272; during 

growth, 1, 19. 

chemical changes in late growth, 8, 

88. 

classification, 3, 145, 156, 5, 65. 

comparison of plats, 6, 30. 

composition, 2, 143, 16, 556, 564; 

during growth, 1, 19; individual 

Stalks suai leben 

constituents in the ash of one ton, 

10, 174. 

cross-fertilization of, 3, 148. 

cultivation experiments, 1, 52, 2, 

aoe 

culture, experiment in, 4, 47. 

dent, notes on varieties, 2, 44. 

depth of planting, 1, 42, 51, 2, 138. 

description of varieties, 3, 130, 156. 
digestibility affected by fineness, 5, 

33 ta 

in late growth, 8, 91. 

distance of planting, 1, 41, 49, 2, 

LSD; : Demos 

effect of cultivation, 1, 39, 512, 3, 

99; fertilizer on, 5, 52; hoeing, 

G,. 35; root pruning, shoe, 

93, 7, 173; weeds. in, (250: 

experiments in cultivation, 7, 173. 

with, 1, 38. 

fertilizer tests, 1, 42, =, 134, 3, 88, 

4, 50, 5, 48, 7%, 349, .356.08.02008 

10, 491. . 

fertilizers for, 14, 108. 

fertilizing materials contained in, 

14, 93. 

figures of kernels, 5, 65, 66. 

of varieties, 3, 418. 

flint, notes on varieties, 2, 46, 3, 

95. 

fodder vs. silage, feeding test, 7, 

297. 

food value, 16, 555. 

for forage, 2, 142; silage, 15, 642; 

silage, harvesting, 15, 655. — 

forage, analysis of, 10, 40. 
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Corn, from small seed kernels, 2, 43. 

germination of, 2, 59, 3, 118. 

of voided kernels, 6, 42. 

hybrid, notes on, 2, 53. 

hybridization, notes on, 1, 54. 

in hills, drills and broadcast, test, 

8, 260. 

increase in late growth, 7, 264, 8, 

83, 86. 

index to varieties, 3, 186. 

influence of root pruning, 2, 134. 

of seed, 1, 43, 2, 1380. 

large vs. small seed, 4, 54. 

leaves, blight of, 15, 452. 

making new varieties, 4, 95. 

meal, analyses, 21, 427; composi- 

moOnmeot, oa» 109 .20..32., 23, 35, 

24, 29, 36; digestibility, 7, 276; 

fertilizing value of, 14, 76; heat 

value of, 20, 54; heating, effect 

on composition, 4, 3846;  pto- 

maines in, 5, 339; water in, 86, 

439. 

nitrogen-free extract in 

growth, 8, 89. 

peculiar seed, 2, 56. 

plant, chemical study of, 8, #9. 

plants, young, growth of roots, 6, 

90. 

planted for ensilage, 10, 491. 

plats, variation, 7, 354. 

pod, variation, 2, 40. 

pop, notes on varieties, 2, 50, 7 

120. 

preparation of land for, 5, 45. 

relation of climate to growth, 4, 9. 

of temperature to growth, 3, 

24, 

roots, effect of early cultivation, 6, 

91. 

salad, notes on, 4, 219; notes on 

varieties, 3, 286; root system of, 

5, 158. 

seed, effect of drying on germina- 

tion, 4, 95. 

silage, analysis of, 10, 40; as a 

food for milch cows in time of 

drought, 15, 62; composition of, 

15, 670; fertilizing value of, 14, 

76; for milch cows, 14, 393, 15, 

31; summary feeding trials with, 

14, 451. 

soft, notes on varieties, 2, 49. 

soil treatment over seed, 5, 46. 

stalks, sugar in, 1, 21, 7, 82. 

stover, composition, 16, 526; dit- 

gestibility, 16, 529, 530; digesti- 

bility with and without pith, 16, 

528; nitrogen-free extract in, 16, 

527; relation in weight of dif- 

ferent parts, 16, 526; water in, 

6, 439. 

late 

, 
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Corn, study of, 3, 124, 4, 95, 5, 64. 

subsoiling, 8, 295. 

sugar «in, | 2,95 (- 

sweet, description of varieties, 9, 

287; notes on varieties, 2, 47, 7, 

119, 8, 320; variety test, 1, 135. 

temperature of germination, 8, 120, 

4, 84. 

test of varieties for fodder, 8, 266. 

thick vs. thin planting for silage, 

8, 81. 

thickness of planting, 3, 101, 4, 55, 

5, 46. 

time of cutting for silage, 15, 646. 

tip vs. butt kernels for seed, 1, 41, 

46, 2, 130, 3, 90, 4, 48. 

types, description of, 3, 146. 

upper and lower ears, difference in 

composition, 1, 22. 

variations from seed, 4, 96. 

varieties compared, 3, 124. 

variety for silage, 15, 646. 

tests, 1, 55, 3, 93, 8, 266. 

vegetation, 2, 139. 

weeds in, 3, 100. 

worm, 14, 559; attacking tomatoes, 

remedies for, 14, 563; destruc- 

tiveness of, 14, 559; distribution 

of, 14, 559; life history of, 14, 

560; remedies for, 14, 562. 

yield influenced by weeds, 2, 1387. 

Cornell, Gov. A. B., on Board of Con- 

trol, 1, 4. 

University Agricultural Experiment 

Station, co-operation with, 19, 

99, 351. 

| Correspondence of Station, 8, 39, 9, 113, 

10,3) 7,e808 13.716, 14 

Corrosive sublimate for seed disinfec- 

tion, 23, 74; solution, 14, 386, 22, 

833; treatment for potato scab, 16, 

420. 

Cost of food fed laying hens, 15, 670; 

food in breed test, 10, 108, 109; fumi- 

gation, 20, 317; growing sugar beets, 

17, 488; hexagonal folding fumigator, 

20, 313; milk and fat production, 10, 

110,..14;. 149; 1507 5151,4452,.44, 14; 

plant food in fertilizers, 16, 34; pro- 

duction of sugar beets, 16, 189, 202; 

production of sugar beets at Station, 

16, 593; silo, 15, 653; shading straw- 

berries, 23, 231; spraying, 21, 279; 

spraying for cottonwood leaf beetle, 

17, 336; thinning apples, 22, 320. 

Cottage cheese, artificial digestion of, 23, 

103; ehange of nitrogen compounds, 

23, 101; chemical changes in making, 

23, 81; composition, 23, 99; from 

whole and skim milk, digestibility, 23, 
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Cottage cheese — Continued. 

106; influence of mechanical division 

on digestibility, 23, 107; investiga- 

tion, 23, 17; making with acid, 23, 

96, 112; making with rennet, 23, 

111; manufacture, 23, 91; methods 

of manufacture, 23, 98, 110; milk 

sugar in, 23, 95; moisture in, 23, 93; 

nitrogen in, 23, 95; qualities, 23, 

112; separation of curd and whey, 

23, 96; temperature and moisture, 

23, 93; yield, 23, 93, 99. 

Cotton, Rhizoctonia on, 19, 108. 

Cottonseed-hull ashes, potash in, 14, 72, 

74. 

meal, 14, 62; analyses of, 18, 42, 

21, 425; fertilizing value of, 14, 

76; nitrogen in, 14, 62, 64; 

phosphoric acid in, 14, 62; potash 

in, 14, 62. 

Cottonwood leaf beetle, 14, 554; adult, 

17, 331; arsenate of lead for, 14, 557; 

bibliographical list, 17, 338; classifi- 

cation and name, 17, 324; combating, 

14, 557, 15, 5438; description, 17, 

328; distribution, 17, 326; economic 

importance, 17, 325; egg, 17, 329; 

experiments against, 17, 334; food 

plants, 17, 327; hibernation, 17, 332; 

history, 17, 326; importance as 

nursery stock pest, 17, 325; injury to 

willows, 17, 327; larva, 17, 829; 

larval habits, 17, 330; life history, 

17, 328; methods of combating, 17, 

332; natural enemies, 17, 332; num- 

ber of brood, 17, 332; period of in- 

cubation, 17, 329; pupa, 17, 330; 

pupation, 17, 330; recommendations 

for treatment, 17, 337; repression, 16, 

22 *<sstudy of, °17; "828" treatment 

recommended, 17, 337. 

Cotyledons, abnormal, 2, 37. 

Cover crops for orchards, 15, 440. 

for fumigator, 20, 311. 

Cowpeas and buckwheat as a cover crop 

for orchards, 15, 442. 

composition of, 1, 18. 

test of, 1, 74. 

Cows, albuminoids in food, 12, 90, 107. 

amount of excrement, 5, 23. 

ash in food, 12, 94, 111. 

ash in milk of different breeds, 12, 

$175" 422. 

carbohydrates in food, 12, 91, 108. 

casein in milk of different breeds, 

12, 115, 120. 

composition and quantity of feed, 

9, 401, 12, 28. 

Cows, corn silage for, 14, 393. 

effect of salt upon, 2, 116. 

fat in food, 12, 16, 89, 140, 167. 

milk of different breeds, 12, 

114,>1 70! 

feed and milk yield; 2, 97-108. 

feeding experiments with, 3, 26, 6, 

15. 

fertilizing ingredients in excrement, 

v Pein n & 

fiber in food consumed by, 12, 93, 

110. 

fed to, 11, 42, 50. 

general results from, 12, 137.— 

in breed test, analyses of milk, 9, 

173; data for, 10, 30, 11, 40, 12, 

11, 12; feed, 10, 32-71. 

yield by breeds for third period 

of lactation, 12, 112. 

rations fed during year, 14, 391, 

393. 
fed in feeding trials, 14, 395~ 

474. 

for, during 1893, 12, 213. 

roots vs. silage for, 9, 364. 

solids in milk from different breeds, 

pe bP fly Bic 

starch and sugar in food consumed 

by different breeds, 12, 109. 

sugar in milk of different breeds, 

12, 1165 124; 

tabulated data showing results of 

experiments with, 14, 396-474. 

tuberculous, autopsy on, 25, 53; 

sale for beef, 25, 51. 

variation in product and profit, 8, 

18. 

warm water for, 8, 290. 

water required by, 5, 24. 

Crab apple trees, analyses of, 10, 163- 

1%3: 

Crab apples, 14, 251; notes on varieties, 

15, 276; season of ripening, 15, 284; 

testing varieties, 15, 269; varieties in 

Station orchard, 7, 91, 98, 8, 349, 356, 

9, 346; yields, 12, 609, 14, 256-266, 

15, 284. 

Cracked corn, composition of, 15, 670. 

Cream, amount of milk required for, 10, 

811. 

required to make butter, 10, 

812. 

and butter, comparative amounts, 

8, 209, 10, 312; comparative 

profits from, 14, 20; relations of, 

10, 310. 

and cheese, comparative profits 

from, 14, 22. 
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Cream and milk, ash constituents, 8, 

208; comparative profits from, 

14, 17; relations of, 10, 310. 

cheese, butter and milk, compara- 

tive profits from selling, 14, 11. 

cost of producing, 14, 14. 

difference in, due to length of set- 

ting milk, 10, 156. 

fat in, amount of, 10, 310, 311, 312. 

recovered in, 10, 3806. 

influence of advancing 

upon, 10, 377. 

monthly yield of, by dairy animals, 

10, 314. 

raising by setting milk and by ma- 

chine, 10, 391. 

richness, relation to 

butter, 24, 284. 

ripeness, relation to mottled butter, 

24, 284. 

ripening, relation of casein and 

casein lactate to, 24, 275. 

Sweet vs. ripened, for butter, 8, 

206. / 

value of, 14, 12. 

Creaming, test of methods, 9, 254. 

milk, comparison of by setting and 

centrifugal machine, 10, 391, 11, 

469; influence of temperature, 8, 

210; size of fat globules, 10, 155. 

Crepidodera (Epitriv) cucumeris on 

potato tubers, 15, 515. 

Cress, notes on, 4, 219, 12, 562; varie- 

ties, 3, 286. 

Crested dogstail, notes on, 2, 146. 

Cricket, tree. (See Tree cricket.) 

Cridler, S. H., potato spraying experi- 

ment, 24, 150. 

Crioceris asparagi, notes on, 15, 526. 

12-punctatus, notes on, 15, 526. 

Cronartium ribicola. (See Currant rust.) 

Crop and farm statistics, 10, 20. 

production, lines of work in, 15, 

20; notes on, 20, 24; reports on, 

19, 211, 20, 221; results, 15, 30; 

summary of work, 19, 22. 

statistics of New York and Middle 
States compared, 11, 16. - 

Crops and climate, 6, 6. 

and temperature, 5, 42. 

cover, for orchards, 15, 440. 

experiments in ascertaining needs 

of, 14, 85. 

farm, yield and value, 8, 31, 10, 18. 

fertility removed from soil by, 7, 

244, 

fertilizer ingredients in, 8, 34. 

needs of soil indicated by, 14, 85. 
of New York, yield, 9, 105. 

and New WBngland compared, 

10, 18. 

T3 

lactation 

mottling of 

385 

Crops produced on Station farm, 7%, 

VATIO S22, 

relation of temperature to growth, 

Pee 

rotations on Station farm, 7, 318. 

specific mixtures for, 14, 97. 

Cross-fertilization, instances of, 2, 37; 

of corn, study of, 3, 148; fruits, 7, 

233; grapes, 5, 168; peas, 2, 206; 

vegetables, 2, 222. 

Crossing strawberries, 12, 677. 

Crown: gall on apple, 19, 176. 

Crude petroleum and whale-oil soap for 

San Jose scale, 20, 288; as an insecti- 

cide, 20, 249, 22, 341; character, 20, 

251; for San Jose scale, 19, 330, 20, 

248; effect on trees, 20, 252, 21, 268, 

272, 2733 effect on San Jose scale, 

20, 256; results from use, 21, 276; 

spraying experiments with, 20, 19; 

spraying for San Jose scale, 21, 258, 

266. 

Cryptosporium cerasinum on 

branches, 19, 187. 

Cuba guano, phosphoric acid in, 14, 71. 

Cucumber anthracnose, damage, 17, 69. 

beetle. (See Striped cucumber 

beetle.) 

blight, 15, 29. 

loss from, 17, 68. 

crop, failure, cause of, 16, 347. 

downy mildew, 16, 345; appear- 

ance, 16, 426; botanical relation- 

ship, 16, 354; climatie conditions 

favoring, 16, 353; damage by, 16, 

349, 17, 69; expense of treat- 

ment, 16, 3863; gain from pre- 

vention by bordeaux mixture, 16, 

$62; history; “16)) 355; host 

plants, 16, 354; nature, 16, 351; 

prevention by bordeaux mixture, 

16, 356, 17, 69; shade as a pre- 

ventive, 16, 432; treatment, 16, 

19; weather conditions affecting, 

16, 428. 

English frame, notes on, 1, 126. 

flea-beetle as a cause of pimply 

potatoes, 15, 513. 

fungus disease, 6, 316. 

leaf structure, 16, 350. 

pickles, profit in growing, 17, 86. 

pinching terminal shoots, 4, 147. 

spraying outfit, 17, 71. 

wilt disease, damage, 17, 69. 

Cucumbers, 12, 562. 

classification of varieties, 6, 230. 

combating striped beetle on, 18, 

251. 

cost of spraying, 17, 87. 

culture, 17, 73, 76, 79, 82. 

cherry 
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Cucumbers, damaged by downy mildew, 

16, 346; lady bird beetle, 16, 

848; melon louse, 16, 347; 

striped cucumber beetle, 16, 

347; wilt disease, 16, 348; de- 

seription of varieties, 6, 231. 

directions for spraying, 17, 89. 

dodder on, 18, 175. 

early, spraying, 16, 425. 

fertilizers for, 14, 1038. 

field grown, powdery mildew on, 18, 

174. 

gain from spraying, 

84. 

germination of, 2, 59. 

index to varieties, 6, 239. 

late, spraying, 16, 4380. 

notes on varieties, 6, 322. 

plant food constituents in, 24, 374. 

planting and manuring, 14, 571. 

spraying, 17, 67; experiments, 16, 

425, 17, 34; time required, 16, 

365. 

transplanting to 

siubAy. on alal 

variety tests, 2, 186, 3, 206, 4, 146, 

5, 239, 7, 121. 

yield and value, 17, 73, 74, 77, 80, 

82, 83. 

yield on sprayed acre, 16, 431. 

sprayed and unsprayed plats, 

16, 427. 

Cultivation and_ grass, 

moisture, 5, 178. 

and root pruning, 7, 176. 

early, effect on corn roots, 6, 91. 

effect on corn, 1, 39, 52, 2, 132, 3, 

99: 

on crops, 6, 10. 

of corn, experiments, 7, 173; of cur- 

LAN tel (O81 e209 7: of 

gooseberries, 15, 339;- of sugar 

beets at the Station, 16, 589; of 

sugar beets, mefhods, 16, 197. 

severe, effect on oats, 1, 36. 

Culture of blackberries, notes on, 25, 

445; gooseberries, 15, 336; po- 

tatoes, under experiment, 21, 82; 

raspberries, notes on, 25, 445; 

strawberries, notes on, 25, 411. 

tests of potatoes, 1, 67. 

Cultures, commercial, for legumes, 24, 

45; examination, 25, 16; quality, 25, 

109; co-operative test, 24, 63. 

Cumulative products in cheese ripening, 

22, 262. 

Cupric borate formula, 11, 549. 

ferrocyanide mixture, 11, 674. 

hydrate, black mixture, 11, 674. 

hydroxide mixture, 11, 674, 675. 

oxychloride mixtures, 11, 676. 

polysulphide formula, 11, 549, 675. 

17, 75, 78, 80, 

lessen beetle in- 

effect on soil 

INDEX To First TWENTY-FIVE REPORTS. 

Cuprie sulphate, ammonia and soap 

mixture (soap eau celeste), 11, 675. 

Curculio, paris green for, 5, 178. 

peach. (See Peach curculio.) 

plum. (See Plum curculio.) 

quince. (See Quince curculio.) 

Curd, abnormal softening, relation to un- 

saturated casein lactate, 21, 190. 

analysis of, 10, 230. \ 

comparison of ordinary and high 

temperature in heating, 11, 449. 

cutting, in cheese-making, 10, 226; 

in making edam cheese, 12, 246; 

in making gouda cheese, 12, 265. 

effects of cutting coarse in cheese- 

making, 11, 451; in hard and 

soft condition in cheese-making, 

11, 451. 

in cheese-making, stirring and heat- 

ing, 10, 226. 

separation from whey in making 

cottage cheese, 28, 96. 

temperature used in heating, 11, 

321. 

time from cutting to drawing whey, 

sla RR 8 

Curing cheese, effect of temperature, 19, 

251; loss of weight, 20, 18; sum- 

mary of work, 22, 25, 29. 

edam cheese, 12, 248. 

gouda cheese, 12, 265. 

room for edam cheese, 12, 249. 

for gouda cheese, 12, 265. 

rooms, cheese. (See Cheese curing 

rooms. ) 

Currant anthracnose, damage by, 20, 

131; description, 20, 129; dis- 

tinction, 20, 127; host plants of 

fungus, 20, 135; scientific names, 

20, 129; treatment, 20, 137. 

black. (See Black currants.) 

borer affecting gooseberries, 15, 340. 

borers, notes on, 10, 473. 
bulletin, 10, 13. 

cuttings, spring setting, 14, 294. 

diseases in the Hudson Valley, 18, 

199. 

notes on, cane blight, 18, 200, 

_ 425, 19, 188; leaf-spot, 18, 
424, 

prevalence, 19, 188. 

European black, 14, 289. 

insect enemies of, 10, 473. 

insects, notes on, plant lice, 18, 

425; San Jose scale, 18, 416, 

449; saw-flies, 18, 426; worms, 

18, 426. 

leaf-spot of, 14, 353. 

list of varieties, 8, 311. 

notes on, 10, 472. : 

varieties, 6, 338, 9, 282. 

plant lice attacking, 16, 485. 
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Currant rust, attempted eradication, 

25, 195; Huropean, outbreak of, 

25, 188; fungus, bibliography, 

25, 196; fungus, distribution, 

25, 191; fungus, economic im- 

portance, 25, 191; fungus, occur- 

rence on pine, 25, 190; new, de- 

scription of fungus, 25, 190; 

new, discovery in America, 25, 

189; new, outbreak at Station, 

25, 18, 193; new treatment, 25, 

196. 

saw-fly, notes on, 10, 473, 20, 138. 

span worm, notes on, 10, 473, 20, 

1388. 

worm, 14, 353, 355; experiments 

on, 4, 250; notes on, 10, 4738, 18, 

426, 20, 138; potassium sulphide 

for, 7, 146; remedy for, 14, 354. 

discussion of, 10, 460. 

distance apart, 14, 297. 

effect of fertilizers on composition, 

9,283: 

fertilization of, 14, 298. 

fertilizers for, 14, 104. 

insect and fungus foes, 14, 300. 

native black, description of varie- 

gieg,) 1d 292. 298. 

notes, 15, 299. 

notes on, 4, 257, 11, 694, 14, 280, 

15, 298. 

varieties, 2, 226. 

plant food constituents in, 24, 372. 

planting, 14, 298. 

propagation by cuttings, 14, 294; 

layers, 14, 296; seed, 14, 296. 

pruning, 14, 299. 
red, description of 

282-286. 

yield of, 14, 286, 15, 299. 

varieties tested, 3, 22, 5, 257, 7, 96, 

101, 12, 614, 15, 300. 
white, description of varieties, 14, 

287-289. 

yield of, 14, 288, 15, 299. 

winter injury to, 15, 298, 434. 

Curtis, Gen. N. M., on Board of Con- 

trol, 1, 4. 

Cutting curd in making edam cheese, 
12, 246; in making gouda cheese, 

varieties, 14, 

023265: 

seed potatoes, 1, 65. 

Cuttings, carnation, soaking in fungi- 

cides, 15, 475. 

propagation of gooseberries 

15, 334. 

Cut-worms, causes of increase, 15, 6338. 

damage by, 15, 6382. 

kerosene emulsion for, 15, 630. 

life history and habits, 15, 634. 

notes on, 14, 599, 15, 628. 

from, 
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Cut-worms on onions, 15, 629. 
poisoned dry bran for, 15, 631. 

moistened bran for, 15, 630. 

Cylindrosporium padi, notes on, 11, 654, 

659, 18, 418, 421, 454. 
(See also Cherry leaf blight, Cherry 

shot-hole fungus, Leaf blight, 

and Leaf-spot.) 

Cynodon dactylon. (See Bermuda grass.) 

Cynosurus cristatus. (See Crested dog’s 

tail grass.) 

Cytospora on apple, 19, 175; apricots, 

19, 181; peach, 19, 196; plum, 19, 

201. 

Dactylis 

grass.) 

Dactylopius adonidum. (See Mealy bug.) 

Dactylopius on quince, 19, 277. 

Dairy animals, 15, 12. 

bacteriologist, appointment, 17, 6. 

breeds, butter production by, 10, 

380; comparison, bulletin, 190, 

12; comparison for butter pro- 

duction, 10, 299; comparison for 

cheese production, 10, 364; of 

glomerata. (See Orchard 

cattle, number of individuals 

compared, 10, 301; testing, 8, 

Loo3 16581. 

building. (See Biological and dairy 

building. ) 

cattle, investigation of, 10, 28, 11, 

39, 12, 10; presented to Station, 

10, 3; proposed investigation of 

breeds, 7, 33; test of breeds, 10, 

28; under investigation, 10, 21, 

a fa aly (a 

Department, report of, 19, 249. 

summary of work, 19, 22. 

Expert, appointment, 16, 6, 17, 6. 

feeds, analyses, 21, 425. 

herd, general system of feeding, 15, 

639. 

industry, assistance of Station, 8, 

14; of New York, 10, 21; room 

for improvement, 10, 22. 

investigations by Station, 15, 18. 

results, 15, 25. 

problems, practical, and cheese in- 

vestigations, 10, 288. 

products, comparison of values, 9, 

60; composition and value of, 14, 

148; fertilizer constituents in, 

10, 423; fertilizing value of, 190, 

423; manurial products of, 14, 

148; summary, comparative prof- 

its of, 14, 24. 

school at Station, 9, 62; contem- 

plated, 8, 27; program, 10, 175. 

statistics, collection of, 8, 8. 

troubles, notes on, 19, 29. 

Daisy, ox-eye. (See Ox-eye daisy.) 
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Damage by asparagus rust, 19, 123. 

by onion smut, 19, 70. 

Dandelion, composition, 6, 427. 

plant food constituents in, 24, 375. 

wild, constancy of characters, 6, 

354. 

Danish system of pasteurization, 18, 

133. 

Darling, T. S., potato spraying experi- 

ment by, 25, 136. 

Darluca filum, description, 19, 563; on 

asparagus rust, 19, 135, 149; on 

carnation rust, 19, 55. 

Davison, G. Howard, on Board of Con- 

trol, 15, V. 

Davy, Sir Humphry, on agriculture, 10, 

- 28. 

Dawley, F. E., address of, on work of 

Station, 11, 33. 

Decay, core, of Baldwin apple, 22, 114. 

Decays, unusual, of stored apples, 22, 

108. 

Dedication of biological and dairy 

building, 17, 18. 

Defender spray pump, description, 16, 

pal 

Delaware grape, 

513, 5145515. 

Dell, John, potato spraying experiment, 

24, 157. 

Bematophora. (See Root-rot.) 

Democrat & Chronicle, article in, on 

new apple rot, 21, 152. 

Demonstration experiments, 

15 $25, 12. 

Dendrolene, experiments with, 15, 540. 

injurious to young trees, 15, 542. 

Denmark, potato spraying experiment 

at, 24, 120. 

Irepartment of Agriculture, United 

States, co-operation in apple stor- 

age, 23, 21. 

report, 10, 179. 

Department of Animal Husbandry, re- 

port, 16, 489,,.47~ 43, 18, 33, 

20 Diy 22) BT 23 eB ees 25: 

aie, 25% “work 17.1 36; 

24, 17, 25, 14. 

Bacteriology, report, 17, 27, 18, 

125, 19, 27, 21, 25, 22,,.63, 23, 

47, 24, 43, 25, 107; work, 19, 

15, 20, 16, 21, 18, 22, 24, 24, 18, 

25, 16. 

Botany, report, 17, 65, 18, 151, 19, 

53, 20, 121, 21, 55, 22, 85, 24, 

S7,;"20,. 117 <Pavork, | 17,8504, 19, 

16, 20, 16, 21, 18, 22, 26, 24, 

18, 25, 17. 

Chemistry, report, 16, 29, 17, 91, 

18, 219, 20, 163, 22, 165, 238, 81, 

24, 235, 25, 201, work of, 17, 

26, 20, 18, 22, 28, 24, 20, 25, 18, 

effect of ringing, 17, 

23, 13, 24, 

InpEx to Firsr ‘Twenty-Five ReEvorts. 

Department of Entomology, report, 16, 

435, 17>) 321) “18,° 249, 80) 261; 
20, 245, 21, 231, 28, 187, 24, 
295, 25, 287; work of, 17, 35, 

19, 17, 20, 19, 21, 20, 22, 30, 
23, 19, 24, 21, 25, 19. 

Field Crops, report, 16, 579, 17, 

415. 

Horticulture, report, 16, 205, 17, 

459, 18, 318, 19, 333, 20, 319, 

21, 349, 22, 293, 23, 229, 24, 
855, 25, 3353 work Gi; 2e,eos 

18, 16, 19,°19, 20, 22, 21, 21, 
22, .'31,-23, .01e Saree 

Second Judicial. (See Second Ju- 

dicial Department. ) 

Vegetable Pathology, 

3438. 
Depth of planting corn, 1, 42, 51, 2, 

138; oats, effect on vegetation, 6, 66; 

potatoes, 1, 63. 

Description of apples, 11, 586; grapes, 

11, 639; strawberries, 11, 684, 686. 

Dessication, effect on germ of cabbage 

black rot, 23, 69. 

Dealers in feeding stuffs, 

20, 387. 

Details of nursery experiment, 11, 664, 

668, 670, 671. 

Devon cows, butter record of, 10, 322, 

323, 340-343, 11, 471; constituents of 

food, 10, 55, 56, 188, 11, 58,59, 90; 

constituents of milk, 10, 70, 11, 65, 

66, 102; cost of food, 10, 108; cost of 

milk produced, 10, 109; food fed, 10, 

32; milk yields, 10, 69, 70, 94; rela- 

tive cost of milk and fat, 10, 110; 

report, 16, 

suggestions to, 

yield and composition of milk, 10, 

69, 70. 

Devon milk, average composition of 

solids in, 10, 142; average yield and 

composition of, 10, 141; number and 

size of fat globules in, 10, 1438, 151, 

152; percentage of fat in large glob- 

ules, 10, 154. 
Dewberries, fertilizers for, 14, 100, 

list of varieties, 4, 253, 7, 100, 14, 

803, 15, 348. 

notes on, 14, 302. 

percentage winter-killed, 14, 303. 

plant food constituents in, 24, 372. 

tests of varieties, 12, 634, 16, 284. 

varieties, 15, 348, 16, 292. 

yields, 12, 634, 15, 348, 16, 292. 

Dewberry diseases in the Hudson Valley, 

18, 202, 419. 

Diastictis ribearia, 20, 138. 

Dibrachys baucheanus, enemy of tent- 

caterpillar, 17, 377. 

Digestibility, calculated and actual, of 

two rations, 16, 538. 

effect of varying nutrients, 20, 38, 



New York AGRICULTURAL EXPERIMENT STATION. 

Digestibility of albuminoids in feeds, 7, 

241; alfalfa, 8, 142; corn, af- 

fected by fineness, 5, 337; corn 

in late growth, 8, 91; corn meal, 

7, 276; cottage cheese from 

whole and skim milk, 28, 106; 

early and late cut timothy, 6, 

415; feeding stuffs, 4, 340, 5, 

346, 6, 430, 8, 95; grain rations, 

8, 146; grasses, 6, 408; hay, 8, 

144; maize stover with and 

without pith, 16, 528; orchard 

grass hay, 7, -276; rations, 16, 

508, 536, 538, 20, 37; roots in 

ration, 8, 145; timothy, 6, 415. 

Digestible matter eaten and milk solids 
produced, 16, 549. 

in cattle feeds, 8, 96. 

Digestion and feeding experiments, 16, 

523. 

artificial and natural, 5, 348, 7, 

304; of cottage cheese, 23, 103; 

of feeding stuffs, 5, 387-; pepsin 

method, 4, 340. 

experiment, 8, 130. 

with oat feed, 18, 60. 

experiments, American, compilation 

of, 8,95: 

mechanism and chemistry of, 12, 

156. 

of cottage cheese, influence of me- 

chanical division, 28, 107. 

of food by cows, 3, 26. 

Dilactate, casein, in milk souring, 23, 
90. 

Diplosis pyrivora, 15, 614. 

notes on, 18, 447. 

Dipping fruit, effect on new apple rot, 

21, 159. 
nursery stock infested with plant 

lice, 16, 20, 463. 

Direct fertilizing materials, 14, 61. 

Direction of wind. (See Wind) record.) 

Directions for spraying cucumbers, 17, 

89. 

Director, Acting, report, 14, 5. 

Director, reports of, 1, 5, 2, 9, 3, 10, 5, 

Ve, eke eo, .95°6;,99,07) 210) 11, 11, 

Reker o. Lib, De, Tele (SiL7, 6, 
18, 6, 19, 9, 20, 9, 21, 9, 22, 9, 23, 
9, 24, 7, 25, 7. 

Director’s house proposed, 18, 9. 

Diseases affecting apple, pear, ete. (See 

Apple diseases, Pear diseases, 

ete.) 

and insects injurious to apricot, 14, 

350, 351. 

-of bean plants, 11, 531; celery, 11, 

571; gooseberries, 15, 342; lily, 

14, 520; lily, suggestions for 

treatment, 14, 522; Norway 

maples, 14, 531; nursery stock, 

experiments on, 10, 2, 
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Diseases of plants caused by Rhizoc- 

tonia, 19, 97; experiments and 

observations, 16, 417; lines of 

work in, 15, 21; notes on, 15, 

26, 451, 18, 168; survey, 18, 184, 

19, 167. 

of plants, treatment of, 14, 345. 

potatoes, notes on, 15, 496; pota- 

toes in New York, in 1904, 24, 

183; raspberry, 10, 470; straw- 

berry, 10, 467; strawberry, effect 

of shading, 23, 239. 

(See also Cucumber downy mildew, 

Oat smut, Potato blight, Plum 

leaf spot, etc.) 

Disinfection of seed, 28, 74; directions 

for, 23, 76; stables, 25, 42. 

Dissemination of onion smut, 19, 71. 

Distance in row, effect on sugar beets, 

17, 456. 

of planting corn, 1, 41, 49, 2, 135, 

5, 46. 

potatoes, 1, 63. 

Distillers’ grains, analyses, 21, 425. 

Distillery residues, analyses, 18, 48. 

Distribution of apples, factors govern- 

ing, 25, 350. 

Dobson Bros., co-operation in potato 

spraying experiment, 22, 147. 

Frank, potato spraying experiment, 

24, 153. 

Dodder on cucumbers, 18, 175. 

Donations. (See Gifts.) 

Doolittle, P. S., potato spraying experi- 

ments, 24, 168, 25, 143. 

Doryphora | decemlineata. 

beetle.) 

Double discharge nozzle, 16, 226. 

Downs, D. Lewis, potato spraying ex- 

periment, 24, 172. 

Lewis E., potato spraying 

ment, 24, 140. 

Downs’ power asparagus sprayer, de- 

scription, 19, 153. 

Downy mildew of cucumbers (see Cu- 

cumber downy mildew); of grape, 

(see Grape down mildew). 

Drain gauges. (See Lysimeters.) 

tile, clogged by fungus, 20, 18, 154. 

Drainage and rainfall, 6, 396. 

of soil water, 5, 327, 6, 13. 

Dressing edam cheese, 12, 247. 

gouda cheese, 12, 265. 

Dried blood, availability of, 14, 87; 

composition, 16, 564, 23, 34; 

cost of nitrogen in, 22, 399; 

nitrogen in, 14, 63, 64. 

fish, nitrogen in, 14, 63, 64. 

Driggs, C. W., potato spraying experi- 

ment, 24, 146. 

Drilling fertilizer, 14, 120. 

Drought, effect upon milk 

15, 87. 

(See Potato 

experi- 

production, 
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Drought, provision against effects upon 

yield of milk, 15, 62. 
Drying, effect on germ of cabbage black 

rot, 238, 69. 

nitrogen content of feces, 

16, 501. 
seed corn, effect on germination, 4, 

95. 
Dryness, effect on new apple rot, 21, 

159. 

Ducklings, animal food for, 

tion, 23, 31. 

experiment with, 24, 28. 

fed animal meal, gain, 17, 60. 

vegetable food, gain, 17, 61. 

feeding experiments with, 18, 92, 

investiga- 

LOZ. 

food and growth under rations 

varying in animal protein, 23, 

33, 37, 38, 39, 40. 

rations fed, 25, 34, 36, 24, 31, 32, 

33. 

results from use of concentrated 

by-products, 24, 34. 

Duggar, B. M., bulletin by, 19, 97. 

Dunn, Robert, potato spraying experi- 

ment, 24, 110. 

Duplication studies of wheat, 6, 41. 

Dusen, C. W., potato spraying experi- 

ment, 24, 148. 

Dusenbury, Edgar G., on Board of Con- 

trol, 19, V. 

Dust sprayers, 22, 384; manufacturers, 

22, 386. 

Dwarf orchards, location of tests, 25, 

13. 
Dwelling houses, need for, 25, 11. 

Earliness of strawberries, effect of shad- 

ing, 23, 242. 

Early Harvest group of apples, 25, 344, 

Eastern Plateau of New York, apples 

for 25, 361. 
Eau celeste and soap formula, 22, 332. 

for plum leaf-spot, 15, 385. 

soap mixture and bordeaux mixture 

for plum leaf-spot, compari- 

son, 15, 394, 16, 209. 

formula, 15, 393. 

Eclipse spray pump, description, 16, 

218. 

Economic importance of leaf blister 

mite, 25, 311. 

Edam cheese, addition of rennet to milk 

in making, 12, 246; analyses of, 12, 

254; curing, 12, 248; curing room 

for, 12, 249; cutting of curd in mak- 

ing, 12, 246; definition of, 12, 245; 

dressing, 12, 247; experiments relat- 

ing to manufacture of, 12, 244; fill- 

ing molds in making, 12, 247; kind 

of milk used in making, 12, 245; 
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Edam cheese — Continued. 

loss of casein and albumen in making, 

12, 256; loss of fat in’ making, 2, 

257; loss of milk constituents in mak- 

ing, 12, 256; method of manufacture 

of, 12, 245; qualities of, 12, 251; 

relation of fat to casein in, 12, 260; 

salting, 12, 248; treatment of milk 

before adding rennet, 12, 245; uten- 

sils employed in making, 12, 251. 

Editor and Librarian, appointment, 16, 

Sy. 

Education in road building, 16, 23. 

Effect of abnormal conditions in cheese 

ripening, 22, 207. 

of fertilizers on yield of sugar beets, 

17, 441. 

Ygg plant, classification of varieties, 6, 

273; description of varieties, 6, 273; 

fertilizers for, 14, 104; germination 

of, 2, 60; index to varieties, 6, 278; 

notes on, 2, 192, 12, 566; plant food 

constituents in, 24, 374; root system 

of, 5, 158; variety test, 5, 243. 

Egg-plants from seeds of different 

specific gravity, 23, 371. 

Egg production on dry whole grain, 15, 

686; on moistened ground grain, 

15, 686; with nitrogeneous and 

carbonaceous rations, 9, 124. 

shells, lime from oyster shells, 190, 

186. 

Eggs, analyses, 8, 60. 

brown shell and white shell, com- 

position, 7, 69. 

change of specific gravity in keep- 

ings 7. Gis 

keeping in dry packing, 9, 139. 

loss of weight in keeping, 7, 66. 

preservation of, 9, 139, 10, 201. 

production from hens kept with- 

out and with males, 11, 271, 

273-280, 282. 

weight and specific gravity, 7, 64. 

Itlectrie service, need of, 21, 12. 

Elementary composition of plants, 14, 

3%. 

Elements, acid-forming, 14, 40. 

air-derived, 14, 39. 

chemical, 14, 37. 

soil-derived, 14, 39. 

Mimbryos, double, in seed, 2, 387. 

Emery, Frank E., report as Acting 

Meteorologist, 8, 874; reports as 

Farm Superintendent, 7, 316, 8, 215, 

97.352: 

Emphytus maculatus, notes on, 18, 465. 

Empire Queen spray pump, description, 

16, 220. 
State, agriculture of, 10, 17. 

grape, effect of ringing, 17, 

518, 514. 
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Jmployees, increase, 22, 14. 

End products, proteolytic, in 

cheese, 22, 171. 

Endive, germination of, 2, 60. 

notes on, 4, 220. 

plant food constituents in, 24, 

root system, 3, 308. 

variety test, 3, 285. 

Knemies of plant lice, 16, 478. 

HWnergy, loss in methane, 20, 59. 

of ration, distribution, 20, 59. 

values and relations in feeding ex- 

periment, 20, 53, 54. 

Enforcement of feeding stuffs law, 19, 

420. 

English Morello cherry, 
periments, 16, 214. 

Ensilage and field curing, comparison, 

15, 645. 

normal 

« 375. 

spraying ex- 

(See Silage.) 

Entomological illustrations, preparation, 

16, 19. 

investigations, results of, 15, 29. 
Entomologist, addresses given by, 14, 

549. 
appointment, 22, 10. 

assistant, appointment, 28,9; resig- 

nation of, 22, 11. 

death of, 22, 9. 

Entomology, Department of, report, 14, 

pagwenes. 2S 621,16, 4387,, 17; 321, 

e211 9,5261;-20, 245, 21; 231, 

23, 187, 24, 295, 25, 287; work in, 

Pt, 21501619, 17, 35, 19, 17, 20, 19, 

21, 20, 22, 30, 23, 19, 24, 21, 25, 

19. 

Entomophthora phytonomi, 

spores, 5, 274. 

figures, 4, 286, 287. 

(See also Clover leaf weevil disease.) 

Entomoporium maculatum, notes on, 

18, 444, 456. 

(See also Fruit-spot, Quince leaf blight, 

and Pear leaf blight.) 
Enzym action in cheese, effect of salt 

on, 20, 190. 

rennet, in cheese ripening, 22, 188. 

Enzyms, effect of chloroform, ether and 
formalin on, 20, 174, 178. 

in cheese, effect of acid on, 20, 189. 

study, 20, 19, 165. 

in milk and bacteria in udder, 20, 

188. 

destruction by heat, 22, 205. 

Epitrimerus pyri, description of, 25, 

329. 

Epochra canadensis, 

berries, 15, 341. 

Equipment, additional buildings, 25, 10. 

additions needed, 18, 8. 

and buildings needed, 22, 18. 

changes in, 20, 11. 

figure, of 

affecting goose- 
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Equipment, note on, 238, 11. 

Erie Shore pomological district, apples 

for, 25, 366. 

Hriophyes malifoliae n. sp., description 

Of cath, S28; 

pyri, bibliography of, 25, 331. 

var. variolata, notes on, 25, 

SPAT 6 

(See also Leaf blister mite.) 

Hriophyidae, notes on group, 25, 300. 

Establishment of Station, 22, 13. 

Ether, effect on the action of enzyms, 

20, 174, 178. 

Ethers, sulphuric and petroleum, com- 

parison in fat extraction, 16, 500. 

Hudemis botrana, notes on, 18, 435. 

European black currant, 14, 289. 

canker, 19, 349. 

caused by Nectria cinnabarina, 

U8; 357. 

currant rust, outbreak of, 25, 188. 

experiment stations, 11, 35. 

gooseberries, botanical features, 15, 

306. 

Iwustace, Harry J., appointments, 20, 10, 

21, 10:3 article in® Science by, 21, 

144; Assistant Botanist, 21, VII; bul- 

letins) Dye eOn leds ete iG 

105, 141, 22, 108, 117, 24, 89, 195, 

215,025,119 ‘eircularsby, sale 143% 

resignation, 25, 8; student assistant 

in botany, 20, V. 

Evaporation, effect of shade on, 23, 236. 

Evening and morning milk compared, 

LO yal? 

Excrement, animal, fertilizer constitu- 

ents in, 10, 420. 

of cattle, composition, 8, 152. 

fertilizing ingredients in, 7, 

281. 

of cows, amount, 5, 28. 

solid, of cattle, 8, 150. 

Executive Committee, reports of, 

S29. 7ie LOn 7. bts 

Exhibits, horticultural, 12, 173, 544. 

Hxeoascus cerasi on cherry, 15, 459. 

(See also Witches’ brooms.) 

deformans, notes on, 18, 439. 

(See also lLeaf-curl, peach, and 

Peach-leaf curl.) 

mirabilis. (See Leaf-curl, plum.) 

Hrobasidium peckii, notes on, 14, 534, 

15, 459. 

Expenditures, past, of Station, 22, 16. 

Expense, general, appropriation for, 25, 

9, 

Expenses, distribution, 25, 9. 

Wxperiment Station, particular field of 

investigation, 15, 17; relation of 

farmers to, 15, 33; work, financial 

value of, 22, 15. 

ch AF 
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Experiment stations, demands of, 10, 

24, 27; functions and management of, 

6, 44; general character of investiga- 

tions, °15;°17 5" of * Hurope, 11> -so* 

permanence of, 15, 16; salary and 

labor, expenses of, compared, 11, 38; 

value to farmers, 10, 23. 

Experiments, benefit from, in Second 

Judicial Department, 16, 12. 

carried on outside Station premises, 

2 sas A 

co-operative, 19, 13, 23, 14. 

demonstration, 28, 13, 24, 15, 25, 

12. 

fertilizer, on lettuce, 20, 22. 

fumigation, notes, 20, 20. 

in making cheese, 11, 23; from nor- 

mal erichy milk.» U2) 285eescider 

vinegar, 23, 19; Edam _ cheese, 

12, 244; gouda cheese, 12, 264. 

in poultry feeding, note on, 23, 16. 

in preventing cherry leaf blight, 12, 

688; leaf diseases of nursery 

stock, 11, 642; pear scab, 12, 

694; plum leaf blight, 12, 688. 

in shading strawberries, 23, 23. 

in spraying celery, 11, 581. 

in treating potato scab, 11, 561. 

spraying, on cucumbers, 17, 34. 

with crude petroleum, 20, 19. 

with animal food for ducklings, 238, 

81; Bermuda lily disease, 14, 

523; ensilage, 21, 163: fertili- 

zers, directions for, 16, 602; 

green arsenite, 17, 8342; nursery 

stock, 11, 642; sugar beets, 16, 

588, 17, 29; sulphur-lime treat- 

ment for onion smut, 19, 75, 76. 

Extension rods, description, 22, 358. 

Extraction of fats with sulphuric and 

petroleum ethers, comparison, 16, 

500. 

of water soluble products in cheese, 

21, 198. 

Factories, cheese, fat in milk as a basis 

for paying for milk at, 10, 289. 

Failure in potato spraying, causes, 22, 

Le 

Fairchild, D.G., report, 10,: 179, 21, 

642; work for Station, 10, 179. 

F. O., letter relative to grape 

diseases, 9, 318. 

Fairs, exhibit at, 10, 458. 

Fall cultivating for repression of rasp- 

berry saw-fly, 17, 356. 

spraying, 23, 20; results, 23, 212; 

with sulphur washes, 24, 327. 

use of sulphur washes, 23, 206. 

web-worm, notes on, 17, 3881. 

Fameuse group of apples, 25, 344, 
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Farm and crop statistics, 10, 20. 

animals, flesh of, fertilizing valu 

10, 423. 

manurial value, 14, 148. 
crops, notes on, 10, 491; of New 

York, yield, 9, 105; yield and 

value, 8, 81; yield by states, 10, 

18. 

fertilizing materials produced on, 

14, 74. 

laborers, wages, 8, 33. 

manures, care and preservation of, 

14, 80; economic value of, 14, 

74; fertilizing constituents in, 

10, 420; fertilizing value of, 10, 

420; use of, 14, 122; variation 

in composition of, 14, 74. 

products, conyparative value, 7, 

321; fertilizer constituents, 6, 

455, 7, 320, 10, 420; fertilizing 

value of, 10, 420; prices, 8, 34. 

‘Station, analysis of soil, 8, 53. 

Superintendent, reports, 7, 316, 8, 
OTH, Ls anes 

Farmer, report of, 4, 354. 

Farmers’ business experiments in spray- 

ing potatoes, 24, 105, 25, 130, 

161. 

Institute bulletin, 11, 9; work, 19, 

12s 

Farmers, rations fed by, 8, 110. 

relation to Experiment Station, 15, 

33. 

Farmingdale, potato 

ment at, 24, 132. 

Farmyard manures, definition of, 14, 74. 

Fat, amount lost and recovered in using 

commercial and home-made 

rennet extract, 10, 277. 

lost by cheddar and_ stirred- 

curd processes, 10, 273, 11, 

448. 

and milk production, cost of, 11, 

149; relative cost of pro- 

duction, 125° 132-7136; orele- 

tive cost of, from different 

breeds, 10, 110. — 
nitrogen, balance sheet for 

milch cow, 16, 509, 

average percentage in different sized 

globules, 10, 155. 

pounds of, in milk by breeds, 

spraying experi- 

ae Le al 

balance in milch cow, 16, 515, 516, 

20, 43. 
body, formation, 16, 492. 

casein and albumen, influence of, 

on composition of cheese, 10, 

264, 11,. 420. 

cost of production of, 12, 128. 

crude, defined, 10, 125. 



NEw YorK AGRICULTURAL EXPERIMENT STATION. 

Fat, effect on antiseptic value of chloro- 

form, 20, 176. 

globules, activity of secretion of, 

10, 155; and creaming of milk, 

10, 155; average size during lac- 

fation,, LO, 150, 152, 153); buoy- 

aney of, during lactation, 10, 

153; changes during lactation, 

10, 160, 162; difference in, dur- 

ing milking, 10, 132; effect of 

size upon creaming, 10, 155; ex- 

periment in difference of rising 

of, 10, 159; in milk, 10, 143; 

in milk, as influenced by period 

of lactation, 10, 144; in milk -of 

different breeds, 10, 143; in milk, 

percentage of different sized 

globules, 10, 153; in separator 

skim-milk, number and size of, 

10, 158; in skim-milk, number 

and size of, 10, 158; number, in- 

fluence of advancing lactation, 

10, 386; of milk, 4, 298; of 

milk, average size and number 

of, 10, 148; of milk in. butter- 

making, 10, 316; of milk, num- 

ber and size, 10, 316; rapidity of 

rising, 10, 156; ratio of weight 

and buoyancy during lactation, 

10, 153; size, influence of ad- 

vancing lactation, 10, 386 ; 

volume during lactation, 10, 

153; weight during months of 

lactation, 10, 153. 

in butter, influence of advancing 

lactation upon, 10, 385; butter- 

milk, 10, 306; cheese, 11, 368, 

12, 403; cheese, influence of 

ripening, 10, 282; cream, amount 

of, 10,-310; cream, percentage, 

10, 312; food as related to fat in 

milk, 10, 112, 126, 11, 148, 12, 

125, 171; food consumed by 

cattle in the test of dairy breeds 

at Chicago, 12, 167; food fed 

‘each month, 10, 32; food, gen- 

eral average of all breeds, 190, 

is milk, Lap 351) 12)! 354: 
milk, average by breeds monthly, 

10, 96, 101; milk, average per- 

centage monthly, 10, 107; milk, 

average yield. by months, 10, 

107; milk, basis of payment at 

cheese factories, 10, 289; milk, 

cost of, 10, 109; milk for each 

month, 12, 354; milk for lac- 

tation periods, 10, 84, 11, 140, 

12, 97, 102; milk, general aver- 

age of, 10, 141; milk, influence 

on composition of cheese, 10, . 

261, 264, 11, 418; milk, influence 

on yield of cheese, 10, 267, 11, 

393 

Fat in butter — Continued. 

427; milk of breeds, 10, 105, 

365, 11, 183, 12,;.114, 119+ milk, 

percentage changes in each 

month of lactation, 10, 106; 

milk, percentage in different sized 

globules, 10, 1538; milk, pounds 

of cheese made for each pound 

of, 10,°290; 14,- 482, 12, 469; 

milk, relation to casein and to 

cheese yield during season, 15, 

{P4) ae 7 Ore Maemo pa amataye fofete 4 1ebil Uia 

source of, 10, 124, 11, 146, 12, 

156; milk, variation in, 10, 139; 

milk, yield, 10, 109; milk, yield 

monthly, 10, 814; rations for 

hens, 10, 194; well fed, half fat 

and fat ox, 10, 128; whey, 11, 

360, 12, 389. 

influence of the ripening of cheese 

on, 10, 282. 

loss in butter-making, 10, 305; in- 

fluenced by advancing lactation, 

10, 369; in cheese, 20, :'212; in 

cheese-making, 10, 252; of, in 

making edam cheese, 12, 257; 

of, in making gouda cheese, 12, 

268. 

lost and recovered in butter-mak- 

ing, 10, 305; cheese-making, 

Oy 252,081 | 402) 12 ean: 

in skim-milk, 10, 306. 

milk, ratio of albumen and casein 

to, 10, 365; relative cost in 

breed tests, 10, 110. 

(See also Fat in milk, Fats and 

Milk fat.) 

monthly increase and decrease of, 

i Miike Lore pe: 

percentage and pounds of, in milk 

each month, 10, 57, 79, 11, 111, 

128. 

poor foods, preparation, 16, 496. 

pure, in certain foods, 10, 125. 

ratio of, to casein and albumen, 10, 

887. 

recovered in butter, 10, 

cream, 10, 306. 

relation, to casein and albumen in 

milk, 11, 842, 12, 374; to casein 

and albumen in skim-milk, 11, 

349 ; to casein in cheese, 11, 375, 
12, 406; to casein in cheese, 

from skimmed-milk, 11, 379; to 

casein in edam cheese, 12, 260; 

to casein in milk, 11, 346, 12, 

267; to casein in milk contain- 

ing added cream, 11, 353, 881; 

to casein in skim-milk, 11, 349. 

relative cost of, for each animal, 

10, 110. 

307 ; 
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Fat, 
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removing from different milks in 

cheese-making, 15, 96, 97. 

Fatigue, effect on milk, 1, 25, 2, 156. 

Fats , average of, in food by breeds each 

month, 10, 88, 11, 120. 

crude, in food, 12, 89, 106. 

extraction with petroleum and _ sul- 

phuriec ether, 16, 500. 

of food and body as sources of milk 

fat, 16, 517. 

pounds of, in food each month of 

lactation,” 10,771, 84,7105, I1, 

108. 

variation in milk, 15, 38, 47. 

variations in total monthly yields, 

15, 56. 

yield, 15, 348. 

Fattening steers, 9, 20. 

Fatty acids in soaps, 23, 127. 

Feat 

Fece 

her-eating by hens, 11, 281, 282. 

Ss, composition of, 16, 528, 535. 

effect of drying on nitrogen con- 

tent, 16, 501. 

partial composition, 16, 504. 

Feed, analyses, 2, 150, 3, 330. 

influence on milk yield, 5, 28. 

of cows in breed test, 10, 32. 

of dairy animals, quantity and 

composition, 9, 401. 

relation to milk, 2, 95. 

Ieeding calves, 8, 21; experiment, 4, 34. 

dairy herd, general system of, 15, 

639. 

experiments, 8, 117, 16, 523; corn 

fodder ws. silage, 7, 297; with 

brewers’ grain, 38, 49; 4with 

steers, 8, 186; tabulated data 

concerning, 14, 396-474; with 

eattle, 8, 21; with chicks and 

ecapons, 16, 22, 561; with cows, 

a> WA eG eG ey deel susss eh Lous 

with heifers, 7%, 292, 297; with 

laying hens, 15, 666; with milch 

COWS. oe tar Ol OND et Ug es: 

198; with poultry, 10, 182, 11, 

25, 18, 75, 28, 16; with swine, 

EO 202, Eheeco ee Lees 

for beef, 6, 23. 

poultry, 15, 32. 

rations, 8, 103. 

standards, 8, 102. 

stuffs, albuminoid nitrogen in, 4, 

346; analyses, 2, 109, 4, 329, 

a JOO86, SAD ss TS, es. OG, 

171, 18," 41," 55, -19,. 426, 20, 

367-383, - 21,°' 424, "22 416, 
23, 414; artificial digestion, 5, 

337; ash analysis, 6, 431; brands 

illegally sold, 20, 887; brands 

licensed, 19, 421, 20, 361, 21, 

418, 22, 409; carbohydrate rela- 

Feeding stuffs — Continued. 

tions of, 18, 62; classification, 

18, 40; classification of licensed 

brands, 21, 423; classification of 

samples, 21, 480; comments on, 

20, 384; commercial and food 

valuation, 9, 46; composition of, 

16, 534, 20, 32; digestibility, 4, 

340, 5, 346, 6, 430; examination 

of, 5, 335; fertilizer constituents 

in, 7, 248, 249° food “valuesjeo, 

47; forms of nitrogen in, 6, 428, 

8, 76; fraud in, 22, 442; heat 

values of, 20, 54; inspection, 18, 

10, 35, 19, 14,°415; 20, 23617 285 

15, 417, 22, 22, 407, 23, 25, 405, 

25, 22; inspection, comments on, 

22, 23; inspection, comments on 

new law, 23, 10; law, objections, 

19, 418; law, policy of enforce- 

ment, 19, 420; law, provisions, 

19, 416, 433; law, violation, 22 

444; licensed, 19, 421, 20, 361, 

21, 418, 22, 409; manufacturers, 

21, 418, 23, 407; nitrogen in, 7, 

240; range of prices, 21, 430; 

sugar and starch in, 6, 429, 16, 

542; suggestions to consumers, 

20, 388; suggestions to dealers 

in, 20, 387; suspicious brands, 

21, 433; use of inferior ma- 

terials, 22, 440; used in phos- 

phorus experiment, 25, 66, 76, 
87; valuation of fertilizing con- 

stituents, 9, 49. 

trials with crossbred 

658. 

swine, 15, 

Feeds, analyses, 2, 109, 4, 329, 8, 78, 

2, 56, 171, 15,4) ae 

commercial valuation of food con- 

stituents, 9, 50. 

composition, value 

value, 9, 56. 

digestibility of albuminoids in, 7, 

241. 

in breed test, analysis, 9, 171. 

mixed, analyses, 18, 55. 

nitrogen-free-extract of, 8S, 76. 

raw vs. cooked, composition, 4, 348. 

and fertilizer 

Fences, renewal necessary, 21, 12. 

Fermentation, acetic. (See Acetic fer- 

mentation. ) 

alcoholic. (See Aleoholic fermen- 

tation. ) 

effect on malic acid in cider, 23, 

OT: 

in canned peas, note on investiga- 

tion, 23, 16, 47. 

in vinegar making, 

conditions, 23, 167, 

unfavorable 
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Fermentation of manure, causes, 14, 

77; of manure, changes produced 

by, 14, 78; of manure, condi- 

tions, 14, 78. 
Ferric chloride and phenol mixture, 11, 

676. 

hydrate mixture, 11, 676. 

Werrocyanide of potassium test, 22, 327. 

test for bordeaux mixture, 12, 692, 

705. 

Ferrous ferrocyanide mixture, 11, 676. 

Fertility, effect of position of roots in 

soil, 6, 94. 

of grapes, 17, 32, 518. 

of New York soil, exhaustion, 7, 18. 

removed from soil by crops, 7, 244. 

Fertilization, imperfect, of peaches, 20, 

a7) 7149. 

of currants, 14, 298. 

Fertilizer analyses, demands for, 16, 138. 

analysis, notes regarding, 2, 161. 

terms used, 10, 404, 17, 108, 

21, 415. 

brands and manufacturers, 9, 76. 

bulletins, contents of, 10, 11, 12. 

constituents in farm products, 6, 

455; feeding stuffs, 7, 248, 249; 

miscellaneous materials, 10, 419. 

control, establishment contemplated, 

Pees A naueurationy sos 60 5 

necessity of, 8, 25; organization, 

9, 80; results of analyses, 9, 88. 

effect on corn, 5, 52, 10, 491. 

on crop, 4, 68. 

element, dominant, for potatoes, 8, 

BAT, Oo TO. 1! 

elements in farm products, 7, 320. 

of food recovered in manure, 

14, 77. 

experiments on beans, 10, 475, 

476; corn, 2, 134, 7, 349, 356, 

Seana woeriss 17.0 o4.0.0s, 20-5 

lettuce, 20, 22, 323; oats, 7, 844; 

onions, 10, 477; potatoes, 8, 247; 

sorghum, 7, 82; sugar beets, 16, 

594; tobacco, 2, 227, 3, 326; to- 

matoes, 10, 487. 

fineness and dryness important, 14, 

118. 
indirect, gypsum, 14, 59. 

industry, statistics, 7, 26. 

influence on composition of grass, 

TeeDO 250: 

ingredients in farm crops, 8, 34. 

trade values in raw materials 

and chemicals, 16, 35, 18, 

224, 235. 

inspection, 17, 26, 22, 20, 28, 389, 

397; amount of work done, 15, 
137; defect in law, 22, 20; notes 

on, 18, 10, 21, 14, 28, 24, 25, 

22; notes on new law, 23, 10. 

Fertilizer, land-plaster as a, 14, 59. 

lawsh2 222, S281 A210 24182, 

15, 125, 126, 18, 225, 20, 

395. 

violation of, 15, 135. 

manufacturers, lists, 10, 176, 11, 
218, (219417, 1042 SU Al2 2S; 

394, 402. 

quantity for potatoes, 16, 598. 

quicklime as, 14, 60. 

relation of yield of potatoes to cost 

of, 14, 25. 

rule for calculating value, 16, 37. 

samples, laboratory handling, 9, 83. 

tests on corn, 1, 42, 3, 88, 4, 50, 5, 

48; onions, 10. 477; peas, 3, 

236; potatoes, 2, 125, 4, 65, 7, 

168; savoy cabbage, 3, 211; 

with unusual minerals, 9, 168. 

trade values, 23, 392, 400. 

value of dairy products, compari- 

son, 9, 60. 

yield of potatves with different 

amounts of, 15, 109. 

Fertilizers above and below potato seed, 

fe OS Seo 

after effect on grasses, 9, 389. 

agricultural value and valuation of, 

10, 410. 

amount needed, 14, 91, 94; alfalfa, 

14, 96; apples, 14, 97; as- 

paragus, 14, 98; barley, 14, 

98; beans, 14, 99; beets, 14, 

99; blackberries, 14, 100; 

buckwheat, 14, 100; cab- 

bage, 14, 100; carrots, 14, 

101; cauliflower, 14, 101; 

celery, 14, 101; cherries, 14, 

102; clover, 14, 103; clubs, 

making, 14, 119; corn, 14, 

108; cucumbers, 14, 103; 

eurrants, 14, 104; egg- 

plants, 14, 104; flax, 14, 

105; gooseberries, 14, 105; 

grapes, 14, 105; grass for 

lawns, 14, 106; grass for 

meadows, 14, 107; grass for 

pastures, 14, 106; hops, 14, 

107; horse-radish, 14, 108; 

lettuce, 14, 108; millet, 14, 

108; muskmelons, 14, 108; 

nursery stock, 14, 109; oats, 

14, 109; onions, 14, 109; 

peaches, 14, 110; pears, 14, 

111; peas, 14, 111; plums, 

14, 111; potatoes, 14, 111; 

pumpkins, 14, 111; quinces, 

14, 111; radishes, 14, 112; 

raspberries, 14, 112; rye, 

14, 112; sorghum, 14, 112; 

spinach, 14, 1133; squashes, 

14, 112: strawberries, 14, 
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Fertilizers, amount need — Continued. Fertilizers, description of materials used 

113; tobacco, 14, 113; toma- 

toes, 14, 114; turnips, 14, 

114; watermelons, 14, 114; 

wheat, 14, 114. 

sold in the State, 11, 220, 12, 

2038. 

amounts applied in potato experi- 

ment, 14, 28. 

analyses, 2, 161, 3, 352, 4, 326, 7, 

307, 9, 88, 244, 10, 424, 440, 11, 

25, 12, 181, 14, 156, 198, 15, 

138, 214, 16, 44, 142, 20, 321. 

artificial, 14, 48. 

availability of, on cultivated clay 

loam, 14, 88. 

average composition of, 12, 185. 

brands of, unnecessary number, 16, 

13. 

broadcast and in row, 14, 26. 

classes collected, 16, 33, 138. 

classification by grades, 22, 392. 

commercial, 11, 209; analyses, 10, 

424, 11, 496, 520, 12, 498, 524, 
14, 156, 198, 15, 138, 204, 17, 

93,9110, 276° 284, 18) 221, 231; 

20, 391, 21, 407, 23, 389, 397; 

explanation of terms of analysis, 

10, 404; facts about, 22, 389; 

field tests, 14, 25; for forcing 

head lettuce, 17, 483; for forc- 

ing onions, 20, 24, 236; for 

potatoes, 16, 596, 17, 37, 415, 

19, 213; how to make valuations 

of, 10, 409; improvements in, 

10, 23; inspection, 19, 13, 438; 

sold in New York state, 10, 176; 

stable manure supplemented by, 

14, 123; total constituents of, 

10, 407; trade values of constit- 

uents of, 10, 409; valuation of, 

SAS H2LG he, S100 TTA is. 

SO ge, Seon eo. Us s.F Staple 

manure for lettuce forcing, 17, 

488, 490; vs. stable manure for 

sugar beets, 17, 455. 

comparative cost of different 

grades, 22, 394. 

comparison of selling price and 

commercial valuation, 15, 209, 

16, 32, 34, 137. 

complete, 14, 49. 

average composition, 17, 96, 

210s LS. Boo, nok, 

composition, 15, 207, 16, 33, 138, 
21, 409, 22, 21. 

containing nitrogen compounds, 14, 

61; phosphoric acid, 14, 65: 

potash compounds, 14, 72. 

cost and valuation of, 10, 410. 

cost of plant food in, 17, 100, 282. 

as, 14, 59. 

direct, 14, 48, 61. 
directions for sampling, 9, 81. 

economy in purchasing, 14, 115. 

effect of quantity on yield of pota- 

toes, 17, 426; on coefficient of 

purity of sugar beets, 20, 228; 

on composition of currants, 9, 

283; on percentage of sugar in 

sugar beets, 20, 228; on potato 

seab, 7, 224; on quality of 

onions, 20, .248; on sugar in 

beets, 17, 441, 20, 228; on yield 

of onions, 20, 240; on yield. of 

sugar beets, 17, 441. 

field experiments with, directions 

for, 16, 602. : 

for forcing lettuce, notes, 18, 19; 

raising potatoes, economy in us- 

ing, 15, 107; raspberries and 

blackberries, 25, 445; straw- 

berries, 25, 411; sugar beets, 

cost, 16, 196; sugar beets, pre- 

cautions in use, 16, 197. 

forms of plant-food essential to, 

14, 59. 

formulae for potatoes, 16, 600. 

sugar beets, 16, 196. 

gratuitous analysis, 9, 85. 

growth of sugar beets with, 290, 

22 
home-made, how to make up, 14, 

116. 

home mixing, 17, 28, 101, 22, 401. 

improvement in, 7, 32. 

incomplete, 14, 49; average com- 

position, 17, 97, 280; composi- 

tion, 16, 140. 

indirect, 14, 59. 

influence on composition of timothy 

and clover, 6, 441. 

inspection, notes on, 20, 12. 

insoluble, distribution of, 14, 121. 

instructions for sampling, 2, 161. 

kind for potatoes, 19, 226. 

kinds collected, 21, 409. 

making commercial valuation, 190, 

409. 

manufacturers of, 12, 200, 15, 143, 

LEST. 

materials used in, composition and 

value of, 14, 143. 

method of applying, 14, 120. 

names for phosphoric acid in, 15, 

2123 

natural, 14, 48. 

nitrogen in, 16, 31, 136. E 

number and kinds collected, 11, 213, | 

15, 206, 17, 95,) 278. 

on cultivated light soils, 14, 88. 

pasture land, 14, 88. 
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Fertilizers, phosphoric acid in, 16, 32,136. 

potash in, 16, 32, 137. 

produced on farm, 14, 74, 115. 

purchase and use of, 14, 82. 

quantity for potatoes, 19, 224. 

relation of calcium to, 14, 51; car- 

bon to, 14, 49; chlorine to, 14, 

50; elements of plants to, 14, 

49; hydrogen to, 14, 49; iron to, 

14, 51; magnesium to, 14, 51; 

nitrogen to, 14, 50; oxygen to, 

14, 49; phosphorus to, 14, 50; 

potassium to, 14, 51; silicon to, 

14, 51; sulphur to, 14, 50. 

samples collected, 16, 31, 33, 136. 

seasons of applying, 14, 121. 

selling price and commercial valua- 

tion) U7; 98; 282, ‘21, 411. 

sold in New York State, 10, 176, 

Se de DUT) 2 200: 

soluble, distribution of, 14, 121. 

stimulant, 14, 59. 

danger in using, 14. 60. 

summary of five years’ inspection, 

22, 404. 

terms used in stating results of 

chemical analyses, 15, 139. 

time of application, 14, 121. 

Mamerin Ls, 27. 

unmixed, advantages in purchasing, 

14, 115. 

use on potatoes, 14, 25, 15, 26. 

used on forced tomatoes, 10, 487; 

ons lettuce, 20, 332, .334; on 

onions, 20, 238; on sugar beets, 

16, 589. 

valuation and selling price of, 22, 

#6 B 

when to use, 14, 83. 

yield of potatoes with, 16, 605, 

606. 

of sugar in sugar beets with, 

20, 228. 

Yertilizing and food constituents of cat- 

tle foods, bulletin, 10, 12. 

constituents, applied on one acre 

of potatoes, 14, 25. 

of farm products, 10, 420; of 

feed, 9, 49. 

gooseberriés, 15, 339. 

ingredients in alfalfa, 8, 141; in 

excrement of cows, 7, 281; in 

potatoes, 16, 599; trade values 

of, 15, 140. 

materials, commercial, composition, 

10, 417; containing nitrogen, 

valuation of, 10, 418; containing 

phosphates, valuation, 10, 417; 

containing potassium, valuation 

of, 10, 418, 

397 

Fertilizing materials contained in apples, 

14, 93; barley, 14, 93 ; beans, 14, 

93; buckwheat, 14, 93; cabbage, 

14, 93; corn, 14, 93; crimson 

clover, 14, 93; different crops, 14, 

93; fruit trees, 10, 166; grapes, 

14, 98; hops, 14, 98; mixed hay, 

14, 93; oats, 14, 93; onions, 14, 

93; pears, 14, 93; peas, 14, 93; 

plums, 14, 93; potatoes, 14, 93; 

red ciover, 14, 938; rye, 14, 93; 

stable manure, loss of, 14, 79; 

sugar beets, 14, 93; timothy hay, 

14, 93; tobacco, 14, 93; toma- 

toes; 14, 93); ‘turnips, 14, 93; 

wheat, 14, 93. 

self-sterile grapes, 18, 361. 

value -of alfalfa hay, 14, 76; com- 

mereial cattle foods, charts of, 

10, 3; corn-meal, 14, 76; corn-, 

silage, 14, 76; cottonseed-meal, 

14, 76; gluten-meal, 14, 76; lin- 

seed-meal, 14, 76; meat-scrans, 

14, 76; oats, 14, 76; red clover 

hay, 14, 76; skim-milk, 14, 76; 

stable manure, 10, 22; timothy 

hay, a4) 76-5) turnipsy  t4; 76; 

wheat, 14, 76; wheat-bran, 14, 

76; wheat-straw, 14, 76. 

Fescue, tall, notes on, 1, 76. 

Festuca elatior. (See Tall fescue.) 

ovina. (See Sheep fescue.) 

pratensis. (See Meadow fescue.) 

Fetticus. (See Corn salad.) 

Yiber, average of, in food by breeds each 

month, 10, 92, 11, 124. 

in food consumed by cows, 10, 438, 

%5, 105, 212, 107, 12, 93—110. 

foods, percentage changes in each 

month of lactation, 10, 106. 

Yield crop sprayers, 22, 366. 

Crops, Department, report, 16, 579; 

production, 16, 23; report on, 

MTS AL work ons. 37. 

curing and ensilage, comparison, 

15, 645. 

Viller for fumigator cover, 20, 312. 

Tinancial condition of Station, 19, 10. 

support and needs of Station, 22, 

16. 

value of Experiment Station work, 

22, 15. 

Fire-blight of apple, prevalence, 19. 

173; pear, 19, 197; pear, occurrence, 

18, 209; quince, occurrence, 18, 212. 

Fire, destruction by, 21, 11. ‘ 
protection, need of, 21, 11. 

Firmness, apples losing in storage, 23, 

272. 
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First Assistant, report of, 6, 58, «, 59, 

nip tds, Aer aki ss al cye ea bi bh 

235, 12, 212, 18, 180, 14, 

391, 15, 639. 

work of, 10, 4. 

Fish, ground, availability of, 14, 87. 

oil soap, analyses, 23, 126; formula 

for making, 28, 128; home manu- 

facture, 23, 128. 

scrap, nitrogen in, 14, 63, 64, 

Fishy flavor in milk, 19, 36. 

Flavor and texture of cheese, 10, 251. 

bitter, in neufchatel cheese, 19, 88. 

fishy, in milk, 19, 36. 

in cheese, 19, 33; relation of con- 

ditions of ripening to, 22, 267; 

yeast causing, 19, 84; in milk, 

discussion of, 19, 30. 

sweet, in cheddar cheese, 19, 40. 

. Flax, fertilizers for, 14, 105. 

growing at Station, 9, 358. 

Ilaxseed, composition of, 15, 670, 20, 

ie 

meal, heat value of, 20, 54. 

Ilea-beetle, cucumber, as the cause of 

pimply potatoes, 15, 518. 

grapevine. (See Grapevine 

beetle. ) 

injuries checked by bordeaux mix- 

ture, 15, 500, 517. 

spraying nursery stock for, 16, 465. 

lect, W. A., potato spraying experi- 

ment, 24, 174. 

Flesh of farm animals, fertilizer con- 

stituents in, 10, 423. 

Floats, as fertilizer for beans, 4, 3538. 

Florida rock, phosphoric acid in, 14, 71. 

soft phosphate, phosphoric acid in, 

14, 71. 

Flour and meal, fertilizing value of, 10, 

422. 

composition, 6, 438. 

Flower garden, kinds grown in, 1, 147. 

Flower, Gov. Roswell P., on Board of 

Control, 10, V. 

Fodder, analyses, 4, 328, 6, 423. 

methods, 5, 351. 

dry, analyses of, 5, 331, 

green, analyses, 4, 329. 

plants, analyses, 2, 150. 

Yodders, average composition, 6, 456. 

coarse, digestibility, 4, 342, 343, 

345. 

digestibility, 5, 346. 

dry, fertilizer constituents in, 10, 

420. 

green, composition, 3, 830, 5, 842, 

6, 425, 458, 7, 2387, 242, 8, 74; 

composition, value and fertilizer 

value, 9, 57; digestible matter in, 

flea- 

4, 331. 

INDEX TO First TWENTY-FIVE REPORTS. 

Fodders, green — Continued. 

8S, 99; fertilizer constituents in, 

10, 421; fertilizing value of; 190, 

421. 

nitrogen-free-extract of, 7, 267. 

Foliage, apple, unusual troubles of, 21, 

ST. 

Food, albuminoids in, consumed by milch 

cows, 12, 90, 107. 

amount required by fowls, 7, 60. 

and drink, water consumed by ani- 

mals in 14, 141. 

fertilizing constituents of cattle 

foods, bulletin, 10, 12; gain 

of poultry on animal meal, 

a7, 00; 9b456.7 6 Oe erie 

average composition of, 12, 

150; milk, constituents, per- 

centage variation in, 12, 

142; water drunk, compari- 

son of water in, 11, 142. 

animal, for ducklings, investiga- 

tion, 238; 31; 

for poultry, 17, 36, 45. 

ash in, consumed by breeds of 

cattle, 12, 111. 

average, fed to milch 

three years, 12, 140. 

carbohydrates in, consumed by dif- 

ferent breeds, 12, 108. 

constituents, amounts, 10, 43; and 

milk yield, relation, 10, 116; as 

related to milk, 10, 114. 

consumed by milch cows, ash in, 

12, 94; fiber in, 12, 98; sugar 

and starch in, 12, 92. 

consumption and butter production, 

10, 302. 

cost of, 15, 670; daily for each 

animal, 10, 109; each month and 

day of lactation, 10, 108; for 

dairy animals, 10, 302. 

crude fats in, consumed by breeds 

of cattle, 12, 106. 

digestibility of, and 

value, 14, 77. 

exhibit at State Fair, 8, 40. 

fats and protein, relation to milk 

fat, 20, 48. 

cows for 

manurial 

in, consumed by mileh cows, 

12, 89. 

fed cattle, quality and quantity, 12, 

138. 

cows in breed test, 11, 42, 50, 

53, 86, 87, 88, 89; tabulated 

results, 12, 14; laying hens, 

composition of, 15, 670; 

dairy cattle during test at 

Columbian Exposition, 12, 

168. 
fiber in, consumed by breeds of 

cattle, 12, 110, 
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Food for chickens, composition, 16, 564. 

chicks, 12, 217. 

influence on milk and butter, 7, 

284,28,)5211; 

upon manure, 14, 76. 

kind and amount fed, 10, 31. 

materials, recovered in manure, 14, 

iulte 

status of phosphorus in, 22, 

274. 

of animals, function, 8, 10. 

plant, cost in fertilizers, 16, 34. 

plants of forest tent-caterpillar, 18, 

295; leaf blister mite, 25, 

pistol-case bearer, 15, 

striped beetle, 18, 254. 

preference shown by plants for dif- 

ferent forms of, 14, 89. 

protein, relation to milk fat, 20, 48. 
quality and quantity fed, 11, 40. 

relation to milk, 11, 143. 

to quality of milk, 16, 521. 

source of milk fat, 20, 14, 29, 41. 

starch and sugar in, consumed by 

different breeds, 12, 109. 

use of tuberculous cows for, 25, 51. 

used in feeding experiments with 

capons, composition of, 11, 240, 

241. 

value of commercial foods, chart of, 

10, 3; dairy products, compari- 

son, 9, 60; fodder crops, 16, 555. 

Foods, condimental, analyses, 18, 65. 

constituents of, consumed by cattle, 

asasi, ov, 01,-57,.70. 

consumed by milch cows, 

hydrates in, 12, 91. 

cost of, in feeding capons, 11, 242. 

fed cows, composition, 12, 27. 

laying hens, composition of, 11, 

PAPA 

for ducklings, composition, 23, 34, 

35, 24, 29. 

normal and extracted, composition 

of milk from, 20, 41. 

poultry, composition of, 17, 49, 18, 

79. 

remarks on composition of, 12, 28. 
technical terms, explanation, 8, 41. 

used for chicks, composition, 24, 36. 

valuation of, 17, 48, 18, 78. 

vegetable foods, 17, 51, 55, 58, 

61. 

wet and dry, for pigs, 12, 219. 

Forage crops, analyses of, 10, 40; notes 

Omer tao <, LOL GT) oF 323, 

9, 358; tests of, 1, 72, 4, 45, 

peas, best varieties, 9, 857, 

plants, composition, G, 419, 7, 242, 

8, 74, 98; digestible matter {n, 
8, 99; notes on, 5, 184, 

Forage, sorghum for, 8, 38, 

314; 

PAR 

carbo- 

O99 

Iorcing house, building of, 12, 5; for 

lettuce, description, 17, 462; new, 16, 

9; temperature, 16, 254; tomatoes, 

16, 17, 245; lettuce in pots, 14, 326. 

Foreign varieties, tests of, 17, 31. 

Forest tent-caterpillar, 18, 289; bibliog- 

raphy, 18, 313; classification and 

name, 18, 290; description and life 

history, 18, 296; distribution in New 

York, 18, 293; ‘food plants of, 18, 

295; historical account of, 18, 291; 

measures for combating, 14, 267, 18, 

309; natural checks, 18, 297; notes 

on, 17, 381, 19, 264. 

Formalin, effect on the action of enzyms, 

20, 174, 180. 

for gooseberry mildew, 16, 313; 

18; 324; prevention of oat smut, 

16, 296, 300; seed disinfection, 

23, 74. u 

solution, 22, 333. 

Formation of fat in body, 16, 492. 

of milk fat, 16, 493. 

Formulas for fertilizers, examples of, 

14, 138, 139; fertilizers, how to 

make up, 14, 137; fungicides for 

pear seedlings, 11, 673, 6717; 

hydrocyanie gas, tests, 20, 308; 

mixtures tested on _ pear-leaf 

blight, 11, 673, T7T. 

used in spraying nursery stock, 11, 

670, 671. 

Iroster, Charles D., potato spraying ex- 

periment, 24, 175. 

Iostite for carnation rust, 15, 469. 

Iour-lined leaf-bug affecting gooseber- 

ries, 15, 341; work mistaken for dis- 

ease, 18, 199.. 

Fowls, amount of food required by, 7, 

60. 

breeds used for caponizing, 11, 237. 

feeding for table use, 9, 136. 

grit for, 10, 189. 

loss by disease, 11, 238. 

Fractional milking, effect of, 10, 129. 

milkings, average composition, 10, 

138. 

France and Germany, 

tions of, 10, 4. 

Fraud in feeding stuffs, 22, 442. 

Ireezing of silo, 15, 653. 

French, G. Talbot, appointment, 25, 8; 

Assistant Botanist, 25, VII. 

M. F,. potato spraying experiment, 

24, 147. 

pear stocks, 11, 646. 

Fresh bone, composition of, 1%, 670, 

Fresh stable manure, use of, 14, 123, 

Mreudenreich, work on cheeas, 21, 188, 

Frontina frenchii, exemy of tent-cater- 

pillar, 17, 877, 

Experiment Sta- 
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Frost, apple varieties affected, 21, 61. 

blisters on leaves, 21, 58. 

manner of formation, 21, 64. 

effect on strawberry blossoms, 21, 

353. 

shading as protection, 23, 237. 

Frosts, spring and fall, 7, 376, 8, 381. 

Fruit, analyses of, 3, 333, 24, 355, 371. 

bark beetle, injury by, 19, 271; 

life history of, 19, 273; notes on, 

18, 442, 19, 270; treatment, 19, 

276. 

buds, effect of hydrocyanic gas on, 

20, 266. 

dirty, as cause of poor vinegar, 23, 

168. 

disease survey of the Hudson yal- 

ley, 18, 184; Western New York, 

19, 167. 

diseases, letter of inquiry concern- 

fing, 18, 188. 

house, Station, general description, 

23, 253. 

industry in Western New York, 19, 

170, 

influence of foreign pollen, 5, 174. 

kinds of winter injury, 24, 218. 

lists for New York pomological dis- 

tricts, 25, 353. 

plant food constituents used by, 24, 

355. 

of the Station, 15, 12. 

publications, plan for, 25, 11. 

rot, 18, 420, 438, 453; of cherry, 

14, 351; cherry, checked by bor- 

deaux mixture, 15, 405; cherry, 

occurrence, 18, 195; cherry, 

remedy for, 14, 352; peach, 14, 

858; peach, occurrence, 18, 208; 

plum, 14, 364, 19, 200; plum, 

bordeaux mixture as a_preven- 
tive, 15, 387; plum, occurrence, 

18, 211. 

setting of sprayed apple trees, 19, 

361, 362, 363, 364, 365, 366, 

3868, 389, 390, 392, 393. 

process, 19, 395. 

spot of Baldwin apple, study of, 

18, 176, 19, 172; of quince, 14, 

367, 19, 205; of quince, occur- 

rence, 18, 212; of quince, remedy 

for, 14, 867. 

storage house, temperature ranges 

in, 23, 254. 

testing, objects, 15, 267. 

thinning, 15, 378. 

experiments in, 15, 28. 

trees, analyses of, 10, 162, 11, 

173, 24, 355; and cereal crops 

compared as to ash, 10, 173; 

bearing, effect of winter spraying 

Fruit trees — Continued. 

with kerosene on, 19, 321; con- 

stituents of, 10, 162;7 14); 173, 

24, 355; effect of environment 
on winter injury, 24, 224; ef- 

fect of variety on winter injury, 

24, 226; winter injury to, 15, 

27, 24, 215; winter injury, treat- 

ment, 15, 408, 24, 230. 

varieties at Station, 16, 17. 

Fruits, analyses, 2, 151, 3, 333, 24, 355, 

371. 

and vegetables, exhibit of, at 

World’s Fair, 12, 173. 

composition and value of, 14, 147. 

few and many seeded, seedlings 

from, 5, 166. 

large, 10, 492. 

manurial value of, 14, 147. 

new, origination, 15, 26. 

number of, grown and fruited, 14, 

251. 

relation of seed to quality, 1, 78. 

testing, 14, 249, 15, 26, 267. 

thinning, notes on, 18, 17, 18. 

varieties under test, 15, 268. 

wild, seedlings from, 5, 167. 

Fuller, Fred D., Assistant Chemist, 16, 

V; bulletins by, 20, 29, 21, 417, 22, 

407, 23, 405; resignation, 24, 8. 

Fumigating nursery stock, 16, 21, 467. 

Fumigation apparatus, 20, 307. 

cost, 20, 317. 

experiments, notes, 20, 20. 

experiments with hydrocyanic acid 

gas, 20, 264. 

for prevention of carnation rust, 

15, 491. 
for San Jose scale, 16, 457, 19, 

328. 

of nursery stock, 19, 335. 

orchard, 20, 292. 

tents, estimating contents, 20, 314. 

Fumigator, box, modification, 20, 290. 

cover, 20, 311. 

filler, 20, 312. 

for small é6rchard trees, 19, 287. 

hexagonal folding, 20, 22; cost, 20, 

313; description, 20, 309. 

Station, modification of, 20, 21, 

290: < 

Fumigators, box, 20, 308. 

comparison, 20, 316. 

Function of Station, statement of, 22, 

1, 

Funds, maintenance, increase, 25, 8. 

Fungi, edible, composition, 6, 464. 

spore germination in, 15, 470. 

Fungicidal value of paris green, 24, 207. 

value of potassium gnlphide, 6, 348, 
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Fungicides, 14, 383. 

and insecticides, 14, 382. 

experiment with, 7, 153. 

for anthracnose of raspberry, 19, 

457; apple scab, 6, 99; carnation 

rust, 15, 467; gooseberry mildew, 

18, 324; gooseberry mildew, cost, 

16, 3138; nursery stock, 10, 179, 

mi O10, Gil; oat smut, 5, 128; 
16, 298, 299; pear seedlings, 11, 

613, 677; potato scab, 11, 567: 

strawberry leaf blight, 10, 458. 

formulae, 15, 468, 469, 470. 

hyposulphite of soda, 5, 173. 

list and description, 22, 323, 334. 

soaking carnation cuttings in, 15, 

475. 

tests of, 8, 334. 

Fungiroid, experiment with, 16, 390. 

Fungus disease of cucumbers, 6, 316. 

diseases and preventives, brflletin 

of, 10, 13; in cherry orchards, 

experiments in treatment, 15, 

404, 405; in cherry orchards, pre- 
vention, 15, 402; rapid spread 

Of,.20;-23: ; 

Fungus in refrigerators, 20, 18, 159. 

parasites of weeds, 4, 289. 

shot-hole, on cherry, 20, 17, 146. 

tile drain clogged by, 20, 18, 154. 

Fusarium acuminatum, description of, 

15, 512. 

Fusicladium dendriticum, notes on, 18, 

402. 

(See also Apple scab or Apple leaf 

blight.) 

pirinum, 12, 703. 

notes on, 18, 445. 

(See also Scab, pear, 

blight and Pear scab.) 

Fusarium leaf-spot of carnations, 18, 

181. 

new, on potato stems, 15, 511. 

Pear leaf 

Gain of poultry on animal foods, 17, 

50, 54, 57, 60; vegetable foods, 17, 

51, 55, 58, 61. 

Gainesville, potato spraying experiment 

at, 24, 107. 

Galloway, B. T., letter relating to grape 

anthracnose, 9, 336; report, 10, 179. 
Garden products, fertilizer constituents 

in, 10, 423. 

Gas, hydrocyanic acid. 

eyanic acid gas.) 

Gasoline engines, care of, 22, 377. 

power spraying outfits, 22, 875; 

makers, 22, 376. 

Geiger spray pump, description, 16, 220. 

Geneva, climate of, 2, 31. 

grape, effect of ringing, 17, 515, 

516, 

(See Hydro- 

AOI 

Germany and France, Hxperiment Sta- 

tions of, 10, 4. 

Germination and growth of 

seed, 17, 468, 470. 

and specific gravity of seeds, rela- 

tion, 23, 355. 

effect of temperature on, 4, 73. 

influence of seed coat on, 3, 328. 

of corn, 3, 118; corn, temperature, 

3, 120, 4, 84; different colored 

seeds, 2, 61; large and small 

seeds; 2, 63; mutilated seeds, 2, 

lettuce 

64; seeds, curiosities, 4, 93; 

seeds, effect of corrosive subli- 

mate, 23, 74; seeds, effect of 

formalin, 23, 75; seeds, limit of 

age, 5, 58; seeds of onion varie- 

ties, 4, 72; spores in fungicides, 

15, 470; voided kernels of corn, 
G6, 32; weed seeds, 6, 362. 

position of seed affecting, 2, 38. 

repeated, of seeds, 2, 65. 

relation of vegetation to, 2, 260. 

tests of cabbage seeds, 6, 39; of 

seed, 2, 58, 3, 105, 4, 70, 5, 56, 

6, 39, 23, 356, 360; summary of 

four years’ work, 4, 76. 

Germs of cabbage black rot on cabbage 

seed, 23, 67. 

Gifts to Station, 1, 28, 2, 11, 8, 13, 4, 

138, 5, 19, 649, 7, 48, 8; 46,9, 114, 
£0) 213, 11, 9222-226) 14,0230, 15. 

687. 

Ginseng culture, 20, 356. 

Girdled trees, repair of, 21, 403. 

Girdling experiments on grape varieties, 

21, 383, 388. 

grape canes, influence on self-fer- 

tility, 21, 381. 

Glass, feeding to hens, 10, 186, 187. 

Glassware, Babcock, inspection, 20, 14. 

Globules, fat. (See Fat globules.) 

milk, 11, 158, 159. 

Gloeosporium nervisequum on sycamore, 

15, 458. 

phomoides, figure of vertical sec- 

tion, 3, 381. 

ribis. (See Leaf-spot, currant.) 

venetum. (See Raspberry anthrac- 

nose. ) 

Glucose as cattle food, test of, 4, 16. 
Gluten feeds, analyses, 18, 46. 

meal, 18, 45; composition of, 2, 

109, 24, 36; fertilizing value of, 

14, 76. 

products, analyses, 21, 425, 

wheat, composition, 20, 32. 

heat value of, 20, 54. 

Goff, Emmett §S., appointment, 1, 8; 

Horticulturist, 1, 4; reports as Hor- 

ticulturist, 2, 175, 3, 189, 4, 135, 5, 

140, 6, 76, 7, 86, 
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Gooseberries, 11, 694. 

American, notes on varieties, 15, 

312. 

botanical features, 15, 306, 310. 
color of fruit, 15, 301. 

comparative yield of classes, 15, 

304. 

comparison of native and HWuropean 

varieties, 15, 300, 305. 

cultivation, 15, 339. 

description of varieties, 8, 312. 

discussion of, 10, 460. 

diseases affecting, 15, 3842. 

KHuropean, compared with 

species, 15, 300, 305. 

notes on varieties, 15, 317. 

fertilizers for, 14, 105. 

fertilizing, 15, 339. 

field and garden culture, 15, 336. 

hardiness and productiveness, 15, 

304. 

insects injurious to, 15, 339. 

market prices for, 15, 303. 

marketing green fruit, 15, 301. 

ripe fruit, 15, 302. 

names of classes, 15, 300. 

notes on, 4, 257, 10, 474, 15, 300. 

on varieties, 6, 339, 9, 284, 

15, 304, 312-221, 

plant food constituents in, 24 

planting, 15, 336. 

propagation, 15, 331; by layering, 

15, 333; from cuttings, 15, 334; 

from suckers, 15, 332. 

pruning, 15, 337. 

size of fruit, 15, 801. 

susceptibility to mildew, 16, 315. 

feet, Ob tee 

varieties tested, 7, 96, 100, 8, 312, 

12° 614, 15:33.1. 
winter injury to, 15, 436. 

Gooseberry bulletin, 10, 13. 

diseases in the Hudson valley, 18, 

208. 

notes on leaf spot, 18, 427; 

mildew, 18, 427; sun scald, 

native 

, ol2. 

18, 428; prevalence, 19, 

188. 

fruit fly affecting gooseberries, 15, 

341. 

spraying to prevent, 15, 343. 

insects. (See Currant insects.) 

mildew, 15, 342; experiments in 

prevention, 16, 3809; fungicides 

for prevention, 16, 307, 18, 324: 

general appearance, 16, 314: 

notes on, 6, 353; potassium sul 

phide for, 6, 849, 7, 168, 8, 834; 

prevention, 10, 24, 16, 807; re- 

sults of treatment, 18, 825, 829; 
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| Gooseberry mildew — Continued. 

treatment, 14, 355, 16, 16, 314, 

18, 19, 321, 330; winter treat- 
ment for, 18, 327. 

span-worm, on currant, 20, 138. 

Gott, F. E., potato spraying experi- 

ments, 24, 114, 25, 139. 

Gouda cheese, addition of rennet to 

milk, in making, 12, 264; curing, 1, 

265; curing room for, 12, 265; cut- 

ting of curd in making, 12, 265; 

definition of, 12, 264; dressing, 12, 

265; experiments relating to manu- 

facture of, 12, 264; filling molds in 

making, 32, 265; kind of milk used 

in making, 12, 264; loss of casein 

apd albumen in making, 12, 268; loss 

of fat in making, 12, 269; method of 

manufacture of, 12, 264; pressing, 

12, 265; salting, 12, 265; treatment 

of milk before adding rennet, 12, 

264; utensils employed in making, 

12, 266. 

Gourds, notes on, 4, 222, 12, 566. 

Graduate School of Agriculture, assist- 

ance offered, 25, 12, 

Grain and. straw, ash in, 2032065 

mineral constituents in, 10, 174. 

Grain, dry, whole and ground, moist- 

ened, egg production on, 15, 686. 

vs. moistened ground for laying 

hens, 15, 667. 

ground, gain of capons on, 16, 571, 

576; gain of chicks on, 16, 565; 

or whole, cost of gain of capons 

on, 16, 574. 

hygroscopie properties of, 3, 79. 

mixtures fed, composition of, 190, 

42, 11,-51, 12 Gen 40 

rations, digestibility of, 8, 146. 

relative value for milk produc- 

tion, 8, 198. 

relative efficiency of whole und 

ground, 416, 561. 

whole, gain of capons on, 16, 572, 

577; gain of chicks on, 16, 566; 

or ground, cost of gain of chicks 

on, 16, 567. 

Grains and seeds, composition and value 

of, 14, 146; fertilizer constitu- 

ents in, 10, 422; manurial value 

of, 14, 146. 

composition, 5, 342, 6, 426, 461, 7, 

238, 243, 8, 94. 

value and fertilizer value, ¥Y, 

56. 

digestibility, 4, 842, 843, 

346. 

digestible matter in, 8, 101, 

fertilizing value of, 10, 422, 

germinated, phosphorus In, 22, 2864, 

345, %, 
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Grape anthracnose, notes on, 9, 321, 14, 

355, 18, 428; prevention, 9, 336. 

black rot, 9, 318, 14, 356, 18, 429. 

bitter rot, description, 9, 324. 

blossoms, hand pollination, 21, 368. 

manner of opening, 11, 597. 

brown rot, notes on, 6, 3842, 18, 

433. 

cane borer, 18, 454. 

cause of self-sterility, 11, 601, 17, 

559, 18, 390. 
chlorosis, 18, 4381. 

classification according to self-fer- 

tility, 17, 547. 

diseases in the Hudson Valley, 18, 

205; prevalence, 19, 189;  pre- 

vention, 9, 334. 

downy mildew, notes on, 9, 320, 14, 

357, 18, 205, 432. 

fruit worm, 18, 435. 

gray rot, 18, 433. 

influence of pollen on fruit, 5, 175. 

leaf blight, description, 9, 324. 

hopper, 18, 435. 

mildew, notes on, 6, 341, 9, 320, 

14, 857, 18, 205, 432. 

notes on, 9, 310; varieties af- 

fected, 5, 168, 6, 341. 

notes on self-pollination of, 11, 597; 

on varieties, 7, 104. 

pollen, form indicates potency of, 

21, 395; growth in cultures, 21, 

393; microscopic examination of, 

21, 395; studies, summary, 21, 

22; study of, 21, 390. 

pollination occurs before blossoms 

open, 11, 598. 

powdery mildew, 14, 357, 18 

description, 9, 322. 

saw fly, 18, 437. 

seeds, specific gravity, 23, 348, 352. 

sexual status of, 21, 397. 

stock experiments, location, 25, 18. 

thrips, 18, 436. 

unfruitful when standing alone, 11, 

605. 

varieties, characteristics relating to 

self-fertility, 17, 526; girdling 

experiments (see Girdling § ex- 

periments) ; growth of vines, 8, 

344; in Station vineyard, 7, 94, 

101. 

vine flea-beetle, adults, 17, 360; 

egg, 17, 360; larva, 17, 360; life 

history and description, 17, 360; 

methods of combating, 17, 3861; 

paris green for, 17, 361; pupa- 

tien, 617, 861; study of, 17, 835, 

18, 434, 

vines, analysis of, 10, 163; compo. 

sition, 10, 168-178; ringing, 17, 
84, 610, 

, 433. 

Grape, white rot, description, 9, 324. 

yellow leaf, 18, 431. 

Grapes, bagging, 5, 168. 

blooming period, 18, 367. 

castration of blossoms, method, 21, 

366. 

cause of self-sterility, 17, 559, 18, 

390. 

classification by blooming season, 

18, 393. 
covering clusters, 18, 366. 

cross-fertilization, 5, 168. 

description of varieties, 9, 325, 10, 

493, 11, 613, 14, 274-280. 

fertilized by same and other varie- 

ties, 18, 369-389. 
fertilizers for, 14, 105. 

fertilizing materials contained in, 

14, 93. 

same and other varieties, 18, 

869-392. 

fruitful when standing alone, 11, 

606. 

list of partially self-fertile, 14, 

322; self-fertile, 14, 321; method 

of pollination, 18, 364. 

native wild, of the United States, 

8, 357. 

notes on varieties, 4, 253, 5, 167, 

G6, 341, 8, 340, 12, 617-623, 

15, 293-295. 

period of bloom, 18, 367, 3868. 

plant food constituents in, 24, 872. 

pollination experiments, 18, 368. 

potency of pollen of self-sterile, 21, 

SOG, 4o la) 8S (OOO. 

productiveness of, affected by self- 

fertilization, 14, 3820. 

self-fertility, L7, 32, 518; classifi- 

eation of varieties, 17, 547; in- 

fluence of girdling canes, 21, 

881; investigations, 21, 364; 

length of stamens an indicator, 

17, 562; method of testing, 17, 

521; modified by environment, 

17, 539, 540; relation of amount 

of pollen to, 21, 391; study, 17, 

518; summary of investigations, 

21, 22: varieties, characteristics, 

17, 526. 

self-sterile, 11, 605, 14, 324, 325, 
17, 548. 

fertilizing, 18, 361. 

species found wild in United States, 

$2930 0: 

sprayed, analyses of, 10, 401. 

varieties affected by mildew, 5, 168, 

G6, 341; blooming together, 18, 

895-397; under test, 4, 252, 8, 

858, 857, 9, 847, 11, 639, 12, 

624, 15, 295; why some fail to 
get perfect clusters, 11, 601, 
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Grass, composition of different cuttings, 

5, 350. 

crop, statistics, 9, 64. 

fertilizer, experiment with, 7, 340, 

$5275. 

for lawns, fertilizers for, 14, 106; 

meadows, fertilizers for, 14, 107; 

pastures, fertilizers for, 14, 106. 

influence of fertilizers on composi- 

Lion Aisa Oy 2 OG: 

seeds, germination of, 2, 60. 

Grasses, after effect of fertilizers on, 

9, 389. 

albuminoid and non-albuminoid ni- 

trogen in, 6, 408. 

and forage crops, notes on, 9 

ash analyses, 6, 409. 

composition, 5, 341, 6, 425, 457, 

7, 237, 242; 8, 74,98. 

digestibility, 5, 346, 6, 408, 8, 99. 

investigation of, 8, 37. 

nitrogen test on, 8, 285. 

notes on, 2, 145, 5, 136, 7, 333, 8, 

ZLGH: 

root studies of, 4, 261, 265. 

seed per acre, 8, 223. 

Station work with, 9, 67, 101. 

variation in composition, 6, 406. 

water in, 6, 437. 

Gratuitous chemical analyses, rules re- 

lating to, 14, 241. 

Gravity, specific. (See Specific gravity.) 

Green aphis, notes on, 15, 529. 

Green arsenite against cottonwood leaf- 

on 
» Veo. 

beetle, 17, 3384; against spring 

canker worm, 17, 387; against 

tent-caterpillar, 17, 379; as an 

insecticide, 22, 3384; experiments 

with, 15, 536, 17, 340; for cot- 

tonwood leaf-beetle, 15, 544; 

qualities and use, 17, 340; spray- 

ing with 16, 21. 

Green, Charles E., potato spraying ex- 

periment, 24, 159. 

fly, 14, 603. 

fodders, composition and manurial 

value of, 14, 145. 

sand marl, potash in, 14, 72. 

house and forcing-houses for Sta- 

tion, 10, 4. 

management for contrel of car-. 

nation rust, 15, 488. 

' Greenhouses, 12, 5, 544. 

Griffith, W. E., potato spraying experi- 

ment, 24, 122. 

Grinnell, W. H., potato spraying experi- 

ment, 24, 146. 

Grit for fowls, 10, 189. 

value for chicks, 22, 23, 37. 

Ground beetle, enemy of cottonwood leaf- 

beetle, 17, 332; tent-caterpillar, 
U7, 377, 

INDEX TO First TWENTY-FIVE REPORTS. 

Ground bone for potato scab, 6, 313, 7, 

225: 

fish, availability of, 14, 87; nitro- 

gen in, 14, 63, 64; leather, avail- 

ability of, 14, 87. 

grain, cost of gain of capons on, 

16, 574; gain of capons on, 16, 

571, 576; gain of chicks on, 16, 

565; vs. whole grain for chicks 

and capons, 16, 561. 

Groups of apples, lists, 25, 343. 

Growth and needs of Station, 22, 12, 

24, 9. 

effect of shading on, 28, 237. 

of lettuce, 17, 476. 

Grubs, white. (See White grubs.) 

Guanidine in normal cheese, 22, 174. 

Guano, Peruvian, 14, 64, 71. 

Guanos, nitrogenous, 14, 64. 

Guernsey cows, butter-record of, 190, 

324, 325, 344-347, 436, 11, 473; 

food constituents, 10, 53, 54, 88, 

11, 56, 57, 68, 707 2S) seeneba, 

58, 59, 60; cost of food, 10, 108; 

cost of milk produced, 10, 109; 

data in breed test, 8, 185; food 

fed each month, 10, 32; milk 

constituents, 11, 63, 64, 75, 76, 

12, 37, 63, 64, 65, 66; quantity 

and composition of feed, 9, 424, 

441; relative cost of milk and 

fat, 10, 110; yield and composi- 

tion of milk, 10, 67, 68, 94. 

milk, average composition of solids 

in, 10, 142; average yield and 

composition of, 10, 141; num- 

ber and size of fat globules in, 

10, 143, 151, 152; percentage of 

fat in large globules, 10, 154. 

Guii plum, spraying experiment, 16, 

209. 

Gum pockets in plums, 19, 203. 

Gumbo. (See Okra.) 

Gymnosporangium macropus, inocula- 

tion experiments with, 14, 535. 

notes on, 18, 401, 457. 

(See also Rust.) 

Gypsum, 14, 59. 

as manure preservative, 14, 80. 

Habits of striped beetle, 18, 254. 

Hadena illata, notes on, 15, 635. 

Hadlow, H. W., potato spraying experi- 
ment, 24, 163. 

Hail injury to apple, 19, 178; cherry, 

19, 186; peach, 19, 195; plum, 19, 

202. 

Hair, nitrogén in, 14, 63, 64. 

Hairy root of apple, 19, 177. 

Hale, Oscar H., on Board of Control, 
19, V, 



New YorK AGRICULTURAL EXPERIMENT STATION. 

Hall, Frank H., appointment, 16, 5; 

Editor and Librarian, 16, V; bulletin 

by 29. 16%. 

Hfallock, Nicholas, on Board of Control, 

15, V. 

Halsey, EH. E., potato spraying experi- 

ment by, 25, 159. 

Haltica chalybea, notes on, 18, 434. 

Hammond, 8. H., on Board of Control, 

10, V. 

Hammond’s Slug-shot, analysis, 19, 457. 

Tiand eart spraying outfits, 22, 362. 

Hargrave, A. D., cheeses made by, 22, 

220. 

Hardiness and productiveness of goose- 

berries, 15, 304. 

Harding, Harry A., appointment, 18, 6; 

bulletins by, 18, 127, 19, 29, 20, 165, 

21, 27, 22, 63, 85, 188, 23, 47, 62, 

24, 45, 25, 27, 109; circular by, 22, 

79; Dairy Bacteriologist, 18, V. 

Hart, Edwin B., appointment, 16, 7; 

Assistant Chemist, 16, V; Associate 

Chemist, 22, VII; bulletins by, 20, 

TOG eed 167, 194, 216,.22, 165, 188, 

218, 248, 274, 23, 81, 114, 24, 237, 

272, 25, 56; leave of absence, 19, 10; 

promotion to Associate Chemist, 22, 

10; resignation, 25, 7; return to 

duties, 20, 10. 

Harvesting sugar beets, 16, 198. 

Hasselbring, Henrich, appointment, 19, 

9; Assistant Horticulturist, 19, V; 

bulletin by, 20, 321; resignation, 20, 

10. 

Haviland, Lyman P., on Board of Con- 

trol 15,-V. 

Hay, alfalfa, 16, 560; composition, 20, 

aye. 

and dry coarse fodders, composition 

and value of, 14, 145; fertilizing 

value of, 10, 420, 14, 145. 

analyses, 2, 150, 3, 34, 4, 330. 

ash analyses, 6, 409. 

clover and timothy, analysis of, 10, 

40. 

composition of, 2, 109, 5, 342, 6G, 

426, 440, 460, 7, 237, 243, 

8, 94, 10, 40, 20, 32. 

value and fertilizer value, 9, 

56. 

digestibility, 4, 342, 343, 345, 

346, 8, 144. 

digestible matter in, 8, 100.° 

fertilizer constituents in, 10, 420. 

heat value of, 20, 54. 

Kentucky blue grass, 

10, 40. 

making, evaporation of moisture, 6, 

70. 

mixed, analysis of, 10, 40, 20, 32; 

heat value of, 20, 54. 

~ 

5, 

analysis of, 
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Hay, new and old, composition and di- 

gestibility, 6, 440. 

orchard grass, digestibility, 7, 276. 

refuse, composition, 7, 239. 

timothy, early and ‘late cut, 

position, 6, 411. 

water in, 6, 438. 

Hays from different localities, composi- 

tlonse «260: 

Heat, apple varieties not resistant to, 

before storing, 23, 277. 

resistant to, before storing, 23, 

276. 

as a preservative in canning, 23, 

51. 

values of urine, actual and calcu- 

lated, 20, 55; of feeding stuffs, 

20, 54; Rubner's, 20, 58. 

Heating, effect on canned peas, 238, 60. 

Hedrick, U. P., appointment as Horti- 

culturist, 24, 9; article by, 25, 449; 

bulletin by, 25, 337; Horticulturist, 

24, VII. 

Heifers, feeding experiments with, 7, 

292, 297. 

nitrogenous vs. 

LOT rose ela 

Helianthus annuus, diseases of, 15, 455. 

Hellebore, 14, 387. 

for raspberry saw-fly, 17, 357. 

com- 

carbonaceous ra- 

use aS an insecticide, 22, 336. 

Helminthosporium carpophilum, (See 

Brown spot of apricot and 

peach. ) 

inconspicuum on corn leaves, 15, 

452. 

Hens, bulletins on, contents of, 10, 12. 

cost of food fed, 15, 670. 

dry, whole grain versus moistened 

ground grain for, 15, 667. 

egg production on dry whole grain, 

15, 686. 

moistened ground 

686. 

fat in rations for, 10, 194. 

feather-eating of, 11, 281, 282. 

feeding experiments with, 15, 666, 

BS OG 0117. 

‘feeding glass to, 10, 187; salt to, 

10, 200; tallow to, 10, 194. 

glass fed to, 10,. 186. 

kept with and without males, 14, 

ZO me Om. 

laying, composition of foods fed to, 

11, 272, 15, 670; experiments 

with, 11, 270, 282; feeding ex- 

periments with, 14, 494; sum 
mary of feeding experiments 

with, 14, 516. 

oyster shells for, 10, 182. 

rations fed to, 14, 495-497. 

grain, 15 
, 
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Hens, results of experiments with, 14, 

512-516. 

salt fed to, 10, 200. 

tallow fed to, 10, 194. 

Herbs, garden,- nofes on, 3, 286; tests 

of, 2, 209, 4, 221, 5, 252. 

Herd, Station, condition during tests, 

25, 50. 

tuberculin test of, 25, 45. 

tuberculous, plan for handling, 25, 

43. 

Heredity and vigor of tomatoes, 5, 169. 

Hexon bases in chloroform -cheese, 22, 

176; normal cheese, 22, 173. 

Hibernal group of apples, 25, 344. 

Higgins, Gov. Frank W., on Board of 

Control, 24, VII. 

Hill, Goy. David B., on Board of Con- 

trol, 4, 4. 

Hilisevs, drilis; for scorn, 8; 

sorghum, 8, 2638. 

Histidine in chloroform cheese, 22, 176; 

normal cheese, 22, 174. 

Hitchings, G. G., potato spraying ex- 

periment, 24, 167. 

Hodgkiss, Harold E., appointment, 2:3, 

9; Assistant Hntomologist, 23, VII; 

bulletins by, 24, 325, 25, 289, 297. 

Hoeing, effect on corn, G, 35. 

Hoey, Julia A., junior clerk, 24, VII. 

Hollenbeck, M. C., potato spraying ex- 

periment, 24, 151. 

Hollyhock disease, fungicide 

307; notes on, 8, 335. 

Holstein-Iriesian cows, butter record, 9, 

307, 10, 352-356; cost of food 

eaten, 10, 108; cost of milk pro- 

duced, 10, 109; data in breed 

test, 8, 184; food constituents, 

10, 43, 88, 11, 53, 67, 79, 80, 12, 

31, 44, 51, 69; food fed, 10, 32; 

milk constituents, 11, 60, 73, 91, 

92, 12, (9: milks yield; 10, oi, 

94, 141; quantity and composi- 

tion of feed, 9, 402, 488; relative 

cost of milk and fat, 10, 110. 

milk, analysis, 9, 175, 10, 57, 141. 

milk, average composition of solids 

in, 10, 142; number and size of 

globules’ in,” 10," 148,7151> 152; 

percentage of fat in large 

globules, 10, 154. 

Home-made fertilizers, how to make up, 

14, 116. 

soap, spraying experiments, 23, 

129. 

mixing of fertilizers, 17, 101; ad- 

vantages, 14, 115; how done, 14, 

116. 

Hominy feed, analyses, 18, 54, 21, 427. 

Hoof-meal, nitrogen in, 14, 63, 64. 

2005 Stor 
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Hops, fertilizers for, 14, 107. 

fertilizing materials contained in, 

14, 93. 

Iiorehound, plant food constituents in, 

24, 375. 

Horn-dust, nitrogen in, 14, 63, 64. 

Iforse-chestnut, disease of, 15, 456. 

manure, 14, 75. 82. 

power sprayers, description, 16, 

223; manufacturers, 16, 224; 

spraying outfits, 22, 364. 

radish, fertilizers for, 14, 108, 

Macrosporium hereuleum on, 

15, 452. 

Yorses, silage for, 15, 647. 

‘Torticultural and allied investigations 

by Station, 15, 18. 

bulletins, 15, 266. 

Department, reports of, 15, 263, 

16, 205, 17, 459, 48) Si0eee, 

833, 20, 319, 21, 349, 22, 293, 

23, 229, 24, 353, 25, 335. 

exhibits, 12, 173, 544. 

experiments, lines of work in, 15, 

21. 

investigation, appropriation for, 

25, 9. 

investigations, results in 1896, 15, 

26 

work; 9, 101, 10, 6) Ea T eG 

17; 31, 18/16, 2291S, Ores, 

21, 21, 22, 381/238) 22a Res 

Horticulturist, acting, report of, 8, 298, 

9, 257, 10, 456; ' 

addresses given by, 12, 544. 

assistant, changes, 20, 10, 23, 9? 

report of, 4, 261; work of, 10, 

5. (See also Assistant Horticul- 

turist.) 

bulletins prepared by, 11, 530, 12, 

544. 

changes, 24, 8, 9. 
reports. of, 2, 175, 3, 189, 4, 1385, 5, 

140, 6, (16, 7, 86, 00ES SS0mera: 

543, 14, 247, 15, 265, 17, 461. 

second assistant, position abolished, 

20, 10. 

Station; duties of, 1727; 

Horton, A. H., Computer, 17, VY. 

Hose, spraying, description, 22, 359. 

nozzles, trial, “7, 150: 

Host plans of currant anthracnose fun- 

gus, 20, 135; Uromyces caryophylli- 

nus, 15, 467. 
‘Hot iron” test in cheese-making, re- 

lation to unsaturated casein lactate, 

21, 188. 
Hlot water for plant lice, 16, 476; pre- 

vention of oat smut, results, 16, 302; 

treatment for oat smut, description, — 

16, 304. 
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Ifoughton, E. M., co-operating with Sta- 

tion, 24, 65; report from, 24, 68. 

Hfouses, dwelling, need for, 25, 11. 

for Station staff, need of, 23, 11, 

24, 12. 

Huckleverry, garden culture of, 1, 145. 

notes on, 2, 227, 4, 259. 

varieties of Station, 7, 96. 

Hudson spraying machine, description, 

16, 224, 398. 

valley, fruit disease survey of, 18, 

184. 

pomological district, apples for, 

25, 357. 

Humidity, effect of shade on, 23, 235. 

Humus, action of, 14, 56. 

Hunn, C. E., Acting Horticulturist, 8, 

V; reports as Acting Horticulturist, 

S, 298, 9, 257, 10, 456; report as 

Assistant Horticulturist, 11, 681. 

Huston, L., note regarding apple rot, 

Hi bee ST Na ea 

Hyalopterus arundinis on plum, 16, 484 ; 

pruni, descriptions and life history. 

16, 483; history, distribution and food 

plants, 16, 482; on plums, 16, 482; 

partial bibliography, 16, 484. 

Hybrid barley, notes on, 3, 81. 

Hyde, Geo. H., potato spraying experi- 

ment by, 25, 141. 

Hydraulic pumps, #2, 348. 

Hydrochloric acid, action on casein, 25, 

226-231. 

Hydrocyanic acid gas, absorption, 20, 

306; as an insecticide, 22, 341; effect 

on eggs of insects, 17, 35; effect on 

fruit buds, 20, 266; effect on trees, 

20, 294: formulas for preparation, 20, 

302; fumigating with, 16, 21; fumi- 

gation experiments, 20, 264; fumiga- 

tion for San Jose scale, 16, 457. 

Hydrogen, occurrence and description, 

14, 42. 

relation to fertilizers, 14, 49- 

Hydrolosis of sodium salt of casein, 25, 

278. 

Hygrometer, 

198. 

soil, note on, 7, 198. 

use of, in cheese-curing rooms, 12, 

cl 

description, 6, 110, 20, 

269. 

Hygroscopic properties of grains, 3, 79. 

Hyphantria cunea. (See Fall web 

worm.) 

Hypochnus, cause of decay in stored 

apples, 22, 108, 110. 

wound parasife, 22, 113. 

Hyposulphite of soda as a fungicide, 5, 

173; for apple scab, 6, 99, 7, 154; 

potato scab, 6, 3138. 
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IIyssop, plant food constituents in, #4, 

375. 

Hystidine in cheese, 21, 225. 

Ice cream poisoning, 6, 466. 

house for Station, 10, 4. 

pond, 12, 6. 4 

Illustrations, entomological, preparation, 

16, 19. 

Implement trials, notes on, 1, 87. 

Implements, agricultural, exhibition pro- 

posed, 7, 42. 

Improvement of soil by alfalfa, 16, 556. 

Improvements and additions, 14, 6. 

building. L75 21: 

general, 23, 11. 

Impurities in copper compounds, detec- 

tion, 10, 400. 

Increase in buildings and equipment, 22, 

13, 18; Station work, 22, 14; staff 

and employees, 22, 14. 

Incubators and brooders, home-made, 9%, 

1388. 

Indian Game fowls for capons, 11, 237, 

248. 

Indirect fertilizers, 14, 59. 

Industry, sugar beet, outlook for, 16, 

O81. 

Influence of fertilizers on sugar beets, 

17, 440. 

Injurious insects, 15, 525, 21, 233. 

Injury by plant lice, nature, 16, 472. 

to peach foliage from paris green, 

* ete., 14, 358. 

trees by mice and rabbits, pre- 

vention, 21, 401. 

winter, to fruit trees, 15, 408. 

Inoculation experiments with Coniothy- 

rium, 24, 115; Gymnosporangium 

macropus, 14, 5385; new apple 

een h Glee 

of apples, 14, 539. 

tabulated results of, 14, 541. 

Inorganic compounds, relation to milk 

casein, 24, 248; paracasein, 24, 259. 

Insect enemies of blackberry, 10, 472; 

currant, 10, 4738; raspberry, 10, 

470; strawberry, 10, 466. 

ravages, prevention of, 15, 29. 

Insectary, new, 16, 19. 

Insecticidal properties of green arsenite, 

15, 536. 

value of arsenite of soda on pota- 

toes, 25, 179. 

bordeaux mixture on potatoes, 

25, 176. 

Insecticides, analyses, 18, 237, 20, 396, 

21, 434.’ 

and fungicides, 14, 382. 

commercial, 22, 343. 

experiments with, 2, 219, 3, 315, 7, 

144, 
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Insectides, for San Jose scale, 20, 288. 

inspection, 19, 14, 449, 20, 18, 396. 

list and description, 22, 3238, 334. 

miscellaneous, examination, 18, 243. 

notes on, 1, 146, 14, 386, 20, 21, 

288. 
tests of, 4, 244, 7, 228, 8, 333, 15, 

30, 16, 473. 

Insects affecting apple, pear, etc. (See 

Apple insects, Pear insects, etc.) 

and diseases, bulletin of, 10, 13. 

insecticides, notes, 5, 170, 6, 

96, 8, 333, 9, 307. 

collections of, 15, 30, 16, 19, 17, 

35. 

eggs, effect of hydrocyanic acid gas 

ON doo: 

found on nursery stock, classifica- 

tion, 16, 442. 

injurious, 16; 525, 21° 233, 

parasitic, affecting plant lice, 

480. 

predaceous, attacking plant lice, 16, 

478. 

attacking forest 

lar, 18, 308. 

relation to potato scab, 7, 226. 

remedies for, 9, 339. 

Station collection of, 15, 524, 16, 

a bY hale Wr a 198 

Insoluble phosphates, availability of, 14, 

87. 
Inspection of 

16, 

tent-caterpil- 

Babcock 

19, 14, 444; feeding stuffs, 

14, 415, 20, 361, 21, 417, 22, 

407, 23, 25, 405; fertilizers, 

At hg Te be DT as bayer cals tay og Re 

433, 20, 391, 21, 407, 22, 

391, 238, 24, 389, 397; insecti- 

cides, 19, 14, 449, 20, 13, 396, 

21, 17; nurseries, 16, 437; nur- 

series, method, 16, 439; nursery 

stock, notes, 15, 558, 16, 20. 

work, notes on, 18, 10, 19, 12, 413, 
20, 12, 359, 21, 14, 15, 17, 405, 

22, 20, 389, 23, 24, 389, 25, 9, 

22. 

test glassware, 

19, 

225 

15, 

138, 

20, 

Investigations, entomological, results of, 

15, 29. 

of sorghum, 11, 27. 

summaries of results, 25, 14. 

Inventory of Station property, 4, 364, 

5, 367. 

Iodine number of butter, 6, 378. 

Iron, action in plants, 14, 54. 

borate mixture, 11, 676. 

in plants, 14, 47. 

relation to fertilizers, 14, 51. 

sulphate and sulphurie acid solu- 

tion, 22, 333; for gooseberry 

mildew, 18, 327; for oat smut, 

5, 128; solution, 14, 386. 

sulphide mixture, 11, 677. 
a 
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Irpex lacteus on cherry trees, 18, 197. 

Irrigation experiment with strawberries, 

3, 325. 

Tsocratus vulgaris parasitic on plant 

lice, 16, 481. 

Italian prune, increase of yield from 

spraying, 16, 207. 

spraying experiment, 16, 207, 

209. 

rye grass, notes, 1, 76. 

Ives, Martin Van Buren, on Board of 

Control, 12, V. 

Jagger, H. A., co-operation in potato 

spraying experiments, 22, 134, 24, 

137. 

Janitor, Station, duties of, 1, 27. 

Japan pear stocks, test of fungicides on, 

11, 649. 

walnut trees, effect of hydrocyanic 

acid on, 20, 298. 

Jeannin, John, Jr., potato spraying ex- 

periment, 24, 170. 

Jensen, Jens; on Board of Control, 21, 

VII. 

Jenter, C. G., Assistant Chemist, 10, V; 

bulletins by, 16, 491, 523, 19, 415, 

20, 29, 361, 21, 417; leave of ab- 

sence, 21, 10. 

Jersey and Ayrshire milk compared in 

creaming, 10, 159. 

Jersey cows, butter record, 4, 312, 9, 

231, 10, 328, 329, 353-363)"21, 
475; cost of food, 10, 108; cost 

of milk produced, 10, 109; data 
in breed test, 8, 186; food 

constituents, 10, 48, 88, 11, 68, 

85, 86, 87, 12, 32, 39, 40, 64, 73, 

75; food fed, 10, 32; milk con- 

stituents, 11, 62, 74, 97, 98, 99, 

12, 36, 45, 46, 83, 84, 85; milk | 

yield, 10, 62-64, 94, 141; quan- 

tity and composition of feed, 9, 

428, 442; relative cost of milk 

‘and fat, 10, 110; yield and com- 

~ position of milk, 10, 62, 63. 

milk, analysis, 9, 190; average 

composition of solids in, 10, 142; 

average yield and composition of, 

10, 141; percentage of fat in 

large globules, 10, 154. 

Johnson grass, notes on, 5, 138. 

Prof. S. W., on. dairy investiga- 

tion, 10, 28. 

Jonathan group of apples, 25, 344. 

Jones, Chas., on Board of Control, 6, V. 

Jordan, W. H., articles by, 20, 29, 223, 

236, 361; bulletins by, 15, 7, 16, 5, 

491, 523, 581, 596, 17, 6, 417, 18, 6, 

35, 19, 9, 213, 231, 415, 444, 21, 9, 

417, 22, 9, 407, 23, 9, 389, 397, 405, 

24, 7, 195, 25, 7, 56; circular by, 25, 

106; Director, 15, V; note by, 20, 
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Jordan, W. H.— Continued. 

62; reports as Director, 15, 7, 16, 5, 

17, 6, 18, 6, 19, 9, 20, 9, 21, 9, 22, 

Deano. et 7. 25, 7. 
Judicial Department, Second. 

Second Judicial Department.) 

(See 

June grass. (See Kentucky blue grass.) 

Juneberry, dwarf, seedlings from, 5, 

167. 

notes on, 2, 226. 

Kainit as manure preservative, 14, 80. 

for prevention of pear midge, 15, 

615. 

potash in, 14, 72, 74. 

Kale, notes on, 2, 188, 4, 222. 

variety test, 1, 184. 

Keeping qualities of apples, by varieties, 

23, 255; conditions affecting, 23, 

259; effects of ashes, 16, 333. 

Kentucky blue grass hay, analysis of, 

10, 40; notes on, 1, 76, 2, 147. 

Kerosene as an insecticide, 7, 148, 22, 

341. 

as spray on dormant trees, 8, 363. 

determination in kerosene lime mix- 

tures, 24, 345. 

effect on bearing fruit trees, 19, 

321, 325; nursery trees, 19, 318; 

San Jose scale, 19, 323. 

emulsion, 14, 387; effect on leaf 

blister mite, 25, 324; for aphis, 

8, 362; for pear psylla, 23, 224; 

formula, 22, 340; for plant lice, 

16, 473; for scale on oak, 14, 

550; preparation, 16, 229; use, 

AG, i217. 

-lime mixture, kerosene in different 

portions of, 24, 347; separa- 
tion of emulsion, 24, 341, 

342, 3443; spraying with, 24, 

334; for San Jose scale, 20, 

288. 

water wash. (See Lime-water 

kerosene wash.) 

oil, effect on leaf blister mite, 25, 

324. 

for San Jose scale, 16, 457. 

sprayers, 22, 383. 

spraying, effect on trees, 21, 265. 

for San Jose scale, 21, 258, 

261. 

-water mixture for plant lice, 16, 

474, 

Keswick group of apples, 25, 345. 

Keystone concentrated phosphate, phos- 

phoric acid in, 14, 71. 

Kil-o-seale, tests of, 25, 291. 

King apple disease, 19, 179. 

system of stable ventilation, 25, 

106. 
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Kirkland, George A., 

experiment, 24, 144, 
Klein Wanzlebener sugar beet, composi- 

tion, 16, 191. 

Knapsack sprayers, description, 16, 

221; use, 16, 222. 

spraying outfits, 22, 362. 

Knisely, A. L., Assistant Chemist, 10, 

V. 

Koettstorfer’s method in butter analy- 

sis, 6, 378. 

Kohlrabi, root system, 3, 313. 

variety test, 1, 134. 

Krugite, potash in, 14, 72, 74. 

potato spraying 

Labor, appropriation for, 25, 9. 

Laboratory, chemical, 10, 1; building 

of, 10, 1; equipment of, 1, 16. 

work in chemistry, 10, 217, 11, 

297, 12, 241, 14, 10. 

Laborers, farm, wages, 8, 33. 

Station, rules for, 1, 27. 

Lachnosterna fusca. (See White grub.) 

Lactates, formation in milk souring, 23, 

90. 

Lactation advancing, influence upon 

butter, 10, 369, 376, 380; but- 

ter-making, 10, 369; butter-mak- 

ing efficiency of milk fat, 10, 

376; buttermilk, 10, 383; casein 

and albumen in milk, 10, 387; 

cheese production, 10, 387, 388; 

churning, 10, 3885; cream, 190, 

377, 382; fat globules, 10, 386; 

fat in butter, 10, 385; fat in 

milk, 10, 384; milk yield, 10, 

380, 381; ratio of fat to casein 

and albumen, 10, 387; skim-milk, 
10, 382. 

affecting fat globules, 10, 153-162. 

amount of food constituents during: 

albuminoids, 10, 72; ash, 10, 76; 

carbohydrates, 10, 73; fiber, 10, 

(Omelet tO Pl sugars: and 

starch, 10, 74. 

amount and percentage of milk con- 

stituents during: ash, 10, 82, 87; 

casein, 10, 80, 85; fat, 10, 79, 

84; sugar, 10, 86; total solids, 

10, 78, 83. 
change in milk globules, 10, 160, 

12, 148. 

composition of milk in successive 

periods of, 11, 1388. 

cost of food during, 10, 108. 

length for different cows, 10, 109. 

milk from three periods of, 12, 124. 

percentage changes in milk during, 

10, 106. 

period and butter production, 19, 

300; effect on milk, 10, 152; 
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Lactation period — Continued. 

effect on milk yield, 5, 26; 

length of, 10, 300; in relation 

to fat globules, 10, 144. 

weight of cows during, 10, 43. 

yield and composition of milk dur- 

ing, 10, 57, 12, 144. 

Lactie acid, action upon casein, 25, 

256; action upon paracasein, 21, 177; 

and casein, definite combination, 22, 

G69; bacteria, effect on other forms in 

milk, 22, 66; bacteria in cheese, 22, 

73; effect on action of rennet, 22, 67, 

75; formed in souring of milk, 23, 88; 

relation to coagulation of milk, 23, 

90, 96, 112; use in making cottage 

cheese, 23, 90, 96, 112. 

Ladd, Ei .E, “appointment, “3. 11" As- 

sistant Chemist, 3, 2; Chemist, 8, 1; 

reports as Assistant Chemist and 

Chemist, 4, 340, 5, 335, 6, 405, 7, 

2384 4Sii TA: 

Lady group of apples, 25, 345. 

Ladybird beetle, enemy of cottonwood 

leaf-beetle, 17, 332. 

beetles attacking plant 

478, 479. 

damage to cucumbers, 16, 348. 

TLastadia bidwellii, notes on, 18, 429. 

(See also Black-rot, grape.) 

Land-plaster, 14, 59. 

as manure 

80. 

purchased for Station, 1, 8. 

Lansing, G. G., letter relative to grape 

diseases, 9, 312. 

Latitude, effect on distribution of ap- 

ples, 25, 350. ; 

Laurel green, composition of, 18, 244. 

Law, concentrated feeding stuffs, 18, 

69. 

feeding stuffs, provisions, 19, 416, 

433; violation, 22, 444. 

fertilizer, 11, 210, 18, 225. 

defect in, 22, 20. 

relating to black-knot, 14, 363; 

peach yellows, 14, 363. 

to prevent fraud in the sale of 

paris green, 18, 245. 

Lawns, fertilizers for, 14, 106. 

Laws relating to Station, changes, 23, 

10. 

Lawver group of apples, 25, 345. 

Layering, propagation of gooseberries 

byl5.. 383. 

ead, arsenate of, formula and prepara- 

tion, 18, 310. 

Leaf-blight, cherry, 12, 688, 14, 352, 
379, 19, 186; pear, 11, 673, 14, 

360, 380; pear, fungicide for, 10, 

179; remedy, 14, 381; plum, 12, 

lice, 16, 

preservative, 14, 

Law 
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| Leaf-blight — Continued. 
688, 14, 365, 381; plum, occur- 

rence, 18, 211; quince, 14, 381, 

19, 205; quince, fungicide for, 

10, 179; quince, occurrence, 18, 

ates strawberry, 14, TOs 

strawberry, occurrence, 18, 216. 

beetle, cottonwood (See Cotton- 

wood leaf-beetle. ) 

blister mite as a fruit pest, 25, 

312; directions for combating, 

25, 3826; economic importance, 

25, 311; effect of kerosene on, 

25, 324; effect of miscible oils 

on, 25, 323; effect of whale-oil 

soap on, 25, 324; enemy, 25, 

317; experiments in control, 25, 

318; food plants of, 25, 314; his- 

tory of, 25, 308; injury on pear, 

25, 315; life stages, 25, 309; on 

apple, 25, 313; study of, 25, 

307. 

curl of peach, 14, 359, 19, 189; 

peach, occurrence, 18, 208; plum, 

occurrence, 18, 212. 

diseases of nursery stock, 11, 642. 

scorch by excessive transpiration, 

18, 154; of cauliflower, 18, 164; 

of cherry, 18, 169) 197 sore. 

maples, 18, 165; of pear, 19, 

197; of sugar beets, 18, 154. 

spot, apple, 14, 545; apple, occur- 

rence, 18, 191; apple, prevalence, 

19, 172; blackberry, 18, 419, 

461, 19, 184; blackberry, occur- 

rence, 18, 195; cherry (see Cherry 

leaf spot) ; currant, 14, 353, 18, 

424, 19 188, 20, 1272" currant, 

occurrence, 18, 199; disease and 

spray injury, similarity, 21, 70; 

diseases of celery, 11, 574; Fu- 

sarium, of carnations, 18, 181; 

gooseberry, 15, 842; linden, 15, 

454; plum (see Plum leaf spot). 

Leather, ground, availability of, 14, 87. 

meal, nitrogen in, 14, 64. 

seraps, nitrogen in, 14, 64. 

Leaves, corn, blight of, 15, 452. 

fertilizer constituents in, 10, 421. 

frost blisters on, 21, 58. 

Lecanium cerasifer. (See New York 

plum lecanium.) 

LeClere, J. Arthur, Assistant Chemist, 

15, V; leave of absence, 20, 11; res- 

ignation, 21, 10; work on vinegar, 

23, 137. 

Leek, variety test, 3, 202. 

Legislation affecting Station, 28, 10. 

Legumes, commercial cultures for, 24, 

45, 25, 16, 109. : 
cultures for, co-operative test, 24, 

63, 
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Lentils, notes on, 1, 1438. 

Leptomitus lacteus in tile drain, 20, 

155. 

Leptothyrium pomi, notes on, 18, 400. 

Lettuce, 12, 566. 

best amount of manure for forcing, 

MUS 2: 

commercial fertilizers for 

wa SS. 

cultivation of, 14, 326. 

description of varieties, 5, 231, 14, 

327, 328. 

fertilizer experiments, 20, 22, 323, 

330. 

fertilizers for forcing, 

484, 487, 18, 19. 

for, 14, 108: 

forced, notes on crop, 

yields, 20, 345-349. 

forcing, acid phosphate for, 17, 

486; experiments, results, 20, 

350; house, description, 17, 462; 

in pots, 14, 326; nitrate of soda 

revels, ©4586) potash “for, 17, 

486; soils, ingredients and com- 

position, 17, 464, 467, 475, 484, 

487; stable manure and _ nitro- 

genous chemical fertilizers for, 

20, 321; stable manure vs. com- 

mercial fertilizers, 17, 488. 

germination of, 2, 60. 

growth on forcing soil, 17, 476. 

with and without commer- 

cial fertilizer, 17, 486. 

green vs. ripe seed, 4, 162. 

head, soil mixtures for forcing, 17, 

461. 

marketing, 14, 326. 

mildew, figure, 4, 280; notes on, 

4, 279. 

notes on varieties, 6, 326, 7, 123, 

8, 333, 10, 476. 

plant food constituents in, 24, 374. 

Rhizoctonia on, 19, 108. 

root system, 38, 307. 

rust, notes on, 4, 277. 

seed, germination and growth, 17, 

468, 470. 

soils, mechanical analyses, 17, 479. 

varieties, description, 4, 162; for 

forcing, 14, 330, 17, 484; index 

of names, 4, 198; synonyms, 4, 

161. 

variety tests, 1, 136, 2, 189, 3, 213, 

Sel 7, 6) 2290075122. 

Leucania albilinea. (See Army worm.) 

forcing, 

notes, 17, 

20, 340; 

unipuncta. (See Army. worm.) 

Leucanthemum vulgaris (See Ox-eye 

daisy ) 

Lewis, Alfred G., on Board of Control, 

25, VII. 

Librarian, appointment, 16, 5, 

ATI 

] Library, additions to, 16, 10. 

Hotes one toe, 9, is Le: 

refitting, 1G, 10. 

Lice, plant. (See Plant lice.) 

Licensed brands of feeding stuffs, 19, 

421, 20, 361, 21, 418; classification, 

21, 423. 

Liess, O. H., appointment, 8, 11; As- 

sistant Botanist, 3, 3. 

Light Brahma fowls for capons, 11, 237, 

243, 244, 245, 250, 2538. 

effect of shade on, 23, 236. 

Lightning potato bug killer, description, 

LG eet 

Life history of corn worm, 14, 560; 

leaf blister mite, 25, 310; plum scale, 

14, 582; striped cucumber beetle, 14, 

Ot 

Lilies, 

608. 

Lily, Bermuda, disease of, 14, 522; ex- 

periments with, 14, 523; preven- 

tion of, 14, 524. 

disease, suggestions for treatment, 

14, 522. 

diseases, 14, 520. 

Lima beans, blight of, 11, 554. 

Limbertwig group of apples, 25, 345. 

Lime, air-slaked, for cabbage maggot, 6G, 

97; use against striped beetle, 

“dusty miller’’ attacking, 14, 

18, 268. 

and soap solution for oat smut, 5, 

129. 

arsenite of, for canker worm, 17, 

39; S0Ge 

bordeaux, preparation, 24, 180. 

for bordeaux mixture, preparation, 

167° 2273 
function in bordeaux mixture, 22, 

324. 
in egg shells from oyster shells, 10, 

186. 

in sugar beets, 16, 195. 

paste, stock, 22, 327. 

shell, for club-root of cabbage, 14, 

Sa 

sulphur-caustic soda wash, 24, 299. 

sulphur compounds, formulas, 21, 

336, 337, 338; summer treatment 

with, 2%," 335. 

sulphur-salt wash, and bordeaux 

mixture, use, 21, 344; ahd casein, 

formula, 21, 343; character, 21, 

286; duration of effect, 21, 315; 

early spring treatment, 21, 287; 

effect of precipitates from, 21, 

320, 328; effect of soluble por- 

fone ak 326, jo4o 7 efrect of 

weather upon, 21, 290, 293, 298, 

302; effect on apples, 21, 297; 

effect on peaches, 21, 289, 292, 
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sulphur salt wash — Continued. 

300; effect on pears, 21, 294, 295, 

300; ‘effect on plums, 21, 289, 

292; effect on scale, 21, 289, 292, 
294, 298, 301, 306, 308; for San 

Jose scale, 20, 288; formulas, 22, 

340,7723;" 208, 210, 24. -209': 
laboratory experiments, 21, 304; 

power of spreading, 21, 323; 

preparation and application, 21, 

284, 23, 203, 210; spraying ex- 

periment, 21, 282. 

sulphur-soda wash, effect on codling 

moth, 23, 194; effect on leaf-eat- 

ing caterpillars, 23, 197; effect 

on scales, 23, 193; for orchard 

treatment, 23, 19, 187; formulas, 

22, 340, 23, 191, 204, 211; prep- 

aration, 23, 205, 211. 

sulphur-wash, formula, 23, 211; 

without boiling, tests, 21, 339. 

used by apple trees, 24, 358; fruit 

trees, 24, 360; peach trees, 24, 

360; pear trees, 24, 362; plum 

trees, 24, 364; quince trees, 24, 

365. 
water-kerosene wash, formula, 21, 

342; use against San Jose scale, 

Lime, 

21, 342. 

Lina scripta. (See Cottonwood leaf 

beetle. ) 

Linseed meal, analyses, 18, 44, 20, 32; 

fertilizing value of, 14, 76; heat 

value of, 20, 54. 

products, analyses, 21, 425. 

Lipman, J. G., cooperating with Sta- 

tion, 24, 65. 

report from, 24, 66, 78, 81. 

Liquid manure, composition of, 14, 82. 

Lists of bulletins, 7, 20, 8, 39, 9, 112, 
LOS teenth a Sh en me lees 

14. 9 «dBi SA, pCi 34.19. ST, 

AS Ope LO 2 Oe aol ee, 

22, 32, ‘23, 27, 24, 22, 25, 28. 

feeding stuff manufacturers, 21, 

418, 23, 407. 

fertilizer manufacturers, 21, 

" 23, 394, 402. 

Little peach disease, notes on, 19, 191, 
20, 150, 152. 

Loam, analyses, 17, 487. 

Location of silo, 15, 650. 

Locust, seventeen year. 

periodical.) 

Locusts, notes on, 15, 525. 

Loganberry, notes on, 17, 508. 

Lolium italicum. (See Italian rye grass.) 

pacyti. (See Ray grass, Pacy’s.) 

412, 

(See Cicada, 

Lombard plum, spraying experiment, 16, 

209. 

Long Island. (See also Second Judicial 

Department.) 
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Long Island, fertilizer elperiments on 

potatoes, 16, 599. 

formula fer potato fertilizer, 16, 601. 

yield from, 16, 609. 

pickle industry in, 16, 13. 

pomological district, lists of ap- 

ples for, 25, 355. 
potato industry in, 16, 13. 

Longfield group of apples, 25, 345. 
London purple, 14, 387; composition of, 

18, 244; for codling moth, 7, 

144; for cottonwood leaf beetle, 

17, 333; for potato beetle, 6, 98, 

7, 228; use as an insecticide, 22, 

336. 

Loop separator, 22, 355. 

Lorillard tomato, forcing 

16, 248. 
Loss of acetic acid in vinegar on stand- 

ing, 23, 155; fat and casein in cheese 

ripening, 12, 280;. milk constituents 

in cheese making, 10, 252; solids in 

cheese ripening, 12, 278; water in 

cheese ripening, 12, 278; weight in 

cheese ripening, 12, 278. 
Losses in the silo, 15, 645. 

Louse, woolly, of the apple. 

Woolly louse of the apple.) 

Lovett, A. B., Assistant Horticulturist, 

2, 3; resignation, 3, 11. 

Lowe, Victor H., articles by, 15, 524, 

525, 534, 536, 540, 548, 545, 558, 

559, 570, 583, 20, 247; bulletins by, 

16, 437, 470, 17, 323, 340, 345, 359, 

365, 385, 18, 289, 398, 19, 263, 287, 

297, 317, 21, 233, 281; death, 22, 9; 

Entomologist, 13, V; reports as En- 

tomologist, 18, 709, 14, 547. 

Lowland Raspberry group of apples, 25, 

345. 
Lucerne. (See Alfalfa.) 

Lutovka cherry, 14, 274. 

variety misnamed, 17, 564. 

Lyon, D., potato spraying experiment, 

24, 1638. 

Lysatine in cheese, 21, 223. 

Lysimeters, dath from, 2, 31, 4, 321, 

G6, 389, 9, 390; drainage from, 3, 

847; figures, 5, 326, 6, 114; installa- 

tion of, 1, 14; new, 6, 113; con- 

struction of, 7, 187; new, figure, 7, 

188; percolation from, 1, 15. 

Lysine in cheese, 21, 225, 22, 174. 

in chloroform cheese, 22, 177. 

Lysol for gooseberry mildew, 16, 313, 

18, 324; oat smut, 16, 296, 300; seed 

disinfection, 23, 74. 

experiment, 

(See 

Machine for catching cottonwood leaf 
beetle, 17, 3338. 

Macrophoma and apple tree canker, 19, 

348. 
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Macrophoma on apple, 19, 174. 

malorum on pear, 19, 198. 

Macrosporium herculeum on flat 

turnips, 15, 451. 
on horse-radish, 15, 452. 

solani. (See Potato blight, early.) 

tomato, note on, 16, 271. 

Madrid, potato spraying experiment at, 

24, 122. 

Maggot, cabbage, remedy, 14, 374. 

spinach-leaf, 14, 625. 

Magnesia in sugar beets, 16, 195. 

Magnesia used by apple trees, 24, 358; 

peach trees, 24, 360; pear trees, 2-4, 

862; plum trees, 24, 364; quince 

trees, 24, 365. 

Magnesium, action in plants, 14, 54. 

in plants, 14, 47. 

relation to fertilizers, 14, 51. 

Mailing lists, growth of, 10, 7, 15, 15, 

HG japt7.) 22) 18,11, 19, 11, 21, 
13.922 010)-23'112.'24 15, 25; 9. 

Maintenance funds, 21, 13, 23, 12, 24, 

12, 25, 8. 

Maize. (See Corn.) 

Malic acid in apple juice, behavior 

during fermentation, 23, 157; in 

cider, effect of sterilizing on loss, 23, 

160; part in. identification of vinegar, 

23, 161. 

Malone, potato spraying experiment at, 

24, 124. 

Malt sprouts, composition, 20, 32, 21, 

425; in ration, 16, 546. 

Mammoth clover as a cover crop for 

orchards, 15, 443. 

Manganese in plants, 14, 47. 

Mangels, food value, 16, 555. 

for swine, 9, 158. 
Manufacture of cheese, experiments re- 

lating to, 11, 23; edam cheese, ex- 

periments relating to, 12, 244; gouda 

cheese, experiments relating to, 12, 

264. 

Manufacturers and importers of feeding 

stuffs, 21, 418, 23, 407. 

of fertilizers, 16, 37, 17, 104, 21, 

412, 23, 394, 402; horse power 

sprayers, 16, 224; paris green, 

list, 20, 400; spray machinery, 

22, 345. 

Manure, annual value of, in New York, 

1G..23. 

causes of fermentation of, 14, 77. 

changes produced by fermentation, 

14, 78. 
conditions of fermentation of, 14, 

78. 

cow, 14, 75, 82. 

fermentation of, 14, 77. 

fertilizing materials of food re- 

.covered in, 14, 77. 
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Manure, horse, 14, 75, 82. 

influence of age of animals on, 14, 

75. 

food upon, 14, 76. 

kind of animal on, 14, 75. 

liquid and solid, composition, 14, 

82. 

loss of fertilizing materials in, 14, 

79. 

pig, 14, 75, 82. 

platform, construction and use, 8, 

296; plan and purpose, 7, 42; 

Dian’ Ole: e290 0)s, Use Ol, 3, Sas 

DOUltr ye 5; 7 O17 ee, oto: 

preservation of, by gypsum, 14, 80; 

by kainit, 14, 80. 

sheep, 14, 75, 82. 

stable, differences between fresh 

and fermented, 14, 79. 

fertilizing value of, 10, 22. 

vs. muck, 8, 256. 

Manures, best amount for forcing let- 

tuce, 20, 352. 

composition, 20, 226. 

effect on, co-efficient of purity of 

sugar beets, 20, 229, 230, 231, 

232; percentage of sugar in 

sugar beets, 20, 229; sugar 

pects -0) 25 3225-200; Zoli. Zaz, 

234; yield of sugar in sugar 

beets, 20, 229, 230, 231, 232. 

farm, fertilizing constituents in, 

10, 420. 

on sugar beets, 17, 30. 

growth of sugar beets with, 20, 

229, 250,, 201, zon, 

Manurial value of by-products and 

waste materials, 14, 148; dairy 

products, 14, 148; farm animals, 14, 

148; fruits, 14, 147; grains and 

other seeds, 14, 146; green fodders, 

14, 145; hay and dry coarse fodders, 

14, 145; mill-products, 14, 147; 

roots, bulbs, etc., 14, 146; straw, 

chaff, ete., 14, 146; vegetables, 14, 

147. 

Maples, leaf scorch of, 18, 165. 

Norway, injured by dry winds, 15, 

453. 

Marianna plum stocks, 11, 661. 

Marker for planting sugar beets, 16, 

590. 

Market price for gooscberries, 15, 303. 

of sugar beets, 16, 189, 2038. 

value of apples, effect of thinning, 

22, 312; cheese, effect of paraf- 

fining on, 22, 2385; cheese, in- 

creased by cold storage, 22, 233. 

Marketing green gooseberries, 15, 301. 

ripe gooseberries, 15, 302. 

Marsden’s stock food. (See New corn 

product.) 
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Marshall, C. E., co-operating with Sta- 

tion, 24, 65; report from, 24, 80. 

Martin, J. S., cheeses furnished by, 22, | 
lag 

T. E., co-operation in potato spray- 

ing experiment, 22, 146, 24, 156. 

Materials used as fertilizers, description 

of, 14, 59. 

Mattituck, potato spraying experiment 

at, 24, 134. 

Maximum and minimum thermometers, 

readings of, 11, 716, 15, 708, 16, 626, 

627, 17, 574, 18, 476, 477, 19, 468, 

477, 20, 417, 418; 21, 448, 449, 456, 

22, 459, 460, 461, 23, 4385, 436, 440, 

24, 389, 390, 391, 25, 462, 463, 464. 

Mazzard cherry attacked by leaf blight, 

i Opos wSlOCks tel Gols 

McCann, James, on Board of Control, 

1, 4. 

McGowen nozzle, 16, 226. 

Meadow fescue, notes, 1, 76, 2, 147. 

foxtail, notes on, 1, 76, 2, 146, 5, 

TO. 

grass, fowl, notes on, 2, 148. 

rough stalked, notes on, 2, 147. 

oat grass, notes on, 5, 1387. 

Meadows, fertilizers for, 14, 107. 

Mealiness of apples in storage, 23, 273. 
Meals, composition, 5, 342, 6, 426, 461, 

8, 94. 

digestibility, 5, 346. 

digestible matter in, 8, 101. 

fertilizer constituents in, 10, 422. 

Mealy bug, kerosene for, 7, 148. 

Meat meal, composition, 23, 34, 24, 29, 

36. 

scraps, 

fertilizing value of, 14, 76; nitro- 

gen in, 14, 64. 

Mechanical analysis of soils, 8, 53. 

Medicago sativa. (See Alfalfa.) 

Megilla maculata attacking plant lice, 

16, 479. 

natural enemy of cottonwood 

leaf beetle, 17, 332. 

Mekeel, A. V., on Board of Control, 1, 4. 

Melanoplus atlanis, notes on, 15, 525. 

femoratus, notes on, 15, 525. 

femur-rubrum, notes on, 15, 525. 

Melilotus alba. (See Sweet clover.) 

Melittia ceto, test of cultural measures 

for, 15, 610. 

cucur bitae. (See Squash vine 

borer. ) 

Melon house, damage to cucumbers, 16, 

347. 

seeds, germination of, 2, 60. 

vines, pinching back, 3, 204. 

Melons, 12, 571. 

foreign, test of varieties, 17, 32. 

notes on varieties, 6, 321, 7, 124, 

128, 12, 571. 

availability of, 14, 87; | 

Inpex to Firsr Twenty-rive Reports. 

Melons, variety tests, 1, 127, 2, 185, 3, 

202, 4, 144, 5, 237, 7, 123. 

Menard, Geo. A., stenographer, 25, VII. 

Melting point of butter, 6, 379. 

Merchants’ Refrigerating Co., assist- 

ance in cheese-curing experiment, 22, 

224. 

Mesotenus sp. enemy of tent-caterpillar, 

a he Puss eee 

Metabolism, animal, problems, 16, 492. 

in milch cows, effects of phosphor- 

ous compounds, 25, 56. 

Meteorological records, 2, 23, 33, 3, 404, 

4, 7, 8, 9, 334, 356, 5, 9,°356, 653, - 

470, 7, 370, 8, 377, 9, 445, 10.8498; 

11, 701, 12, 718, 15, 695; 16-617, 27, 

567, 18, 467, 19, 468, 20, 410, 21, 

448, 22, 456, 23, 485, 24, 385, 25, 

460. 

Meteorologigt, acting, report of, 8, 374. 

Meteorology, relation to agriculture, 5, 

kis 

Methane, loss of energy in, 20, 59. 

Methods for the estimation of proteoiy- 

tic compounds in milk and cheese, 

21, 1945213. 

of applying fertilizers, 14, 120; 

combating forest tent-caterpillar, 

19, 267; combating onion smut, 

19, 71; combating San Jose 

scale, 19, 828; controlling aspar- 

agus rust, 19, 129; creaming 

milk, comparison, 10, 391; deter- 

mining solids in cider vinegar, 23, 

165; determining specific gravity 

of seeds, 23, 340; fodder analy- 

ses, 5, 351. 

used in chemical analysis of cheese, 

20: 4172; 

Mice or rabbits, injury to trees, 241, 401. 

Micrococcus amylovorus. (See Pear 

blight. ) 

Microscopic examination of milk, 190, 

143. 

Middleton, John S., potato spraying ex- 

periment, 24, 128. 

Middlings, analyses, 21, 425. 

Midge, pear. (See Pear midge.) 

Milch cows, constituents in milk from, 

12, 35, 45, 54, 68, 79; constituents 

of foods, 12, 31; feeding experiments, 

7, 270, 9, 8; feeding of, 14, 391; 

rations fed, 9, 9. 

Mildew, downy (see Downy mildew) ; on 

cucumbers (see Cucumber downy 

mildew). 

gooseberry. (See Gooseberry mil- 

dew.) 

powdery. (See Powdery mildew.) 

of peas, mulching preventive, 4, 

215. 

strawberry, notes on, 5, 275. 



New Yorx AGricutturAL Experiment Srarion. AIS 

Milk, abnormal, notes on, 8, 60. 

absorbed odors in, 19, 31. 

addition of rennet to, in making 

edam cheese, 12, 246; gouda 
cheese, 12, 264. 

albumen, composition, 24, 29, 36. 

in, 11, 337, 12, 296, 356. 

amido-acid compounds in, deter- 

mination, 21, 214. 
amount required for butter, 10, 

311; cheese, 10, 271; cream, 10, 

311. 

and butter, influence of food, 7, 

284; relations of, 10, 310; rela- 

tive amounts, 8, 210. 

and cream, ash constituents, 8, 

208; comparative profit from, 14, 

17; relations of, 10, 310. 

and cheese, comparative profits from, 

14, 16, 19; composition of, 10, 

221; estimation of proteolytic 

compounds, 21, 194, 196, 213. 

and food, average composition 

of, 12, 150; constituents, 

percentage variation in 12, 

142. 

its products, cost of production 

of, 14, 14. 
and milk fat, effect of ration on, 

20, 39; relative cost, 10, 110, 

11, 149, 12, 132, 135. 

mein, 22. 114; °119,' 1381, 186; 12, 

100, 105. 

at cheese factories, methods of pay- 

ing for, 10, 288, 289. 
average composition of, 10, 139. 

average composition of total solids 

in, 10, 142. 
butter, cream and cheese, com- 

parative profits derived from sgell- 

ing, 14, 11. 

carbon dioxide in, 22, 180. 

easein, action of rennet, 10, 224; 

ieee Lies 117,129,184, 3383, 
335, 12, 98, 103, 296, 356, 358; 

relation of inorganic compounds 

to, 24, 243. 

changes in yield and constituents, 

9, 15. 

cheese-producing constituents of, 

15, 39. 

coagulation and acid, 23, 90. 

composition, 2, 156, 3, 345, 9, 10, 
11, 139, 141, 354, 12, 341, 16, 
506; effect on composition of 

cheese, 10, 267; in successive pe- 

riods of lactation, 11, 138; of 

successive pints drawn, 10, 133; 
partial, 16, 504; relation to com- 

position of cheese, 10, 261; with 

normal and extracted foods, 20, 
41. 

Milk constituents, loss in cheese making, 

10, 252, 11, 400, 12, 421; loss in 

making edam cheese, 12, 256; 

loss in making gouda cheese, 12, 

268, 269; of cows in breed test, 

Li 60-102, 12: 5122. 

containing added cream, relation of 

FU? CON casein= in, SUL oe: 

cost of production, 8, 18, 10, 109, 

12, 128, 14, 14. 

creaming by setting and by ma- 

chine, 10, 391. 

determination of, albumin and syn- 

tonin, 21, 214; ammonia in, 21, 

215; casein in, 12, 487, 21, 213; 

caseoses in, 21, 214; peptones in, 

21, 215; total nitrogen in, 21, 

iors 

difference between first and last 

drawn, 10, 129. 
in rapidity of creaming, 10, 

159. 

effect of exposing to foul odors 

upon cheese-making, 11, 454; 

fatigue on composition, 1, 25, 2, 

156 ; period of lactation, 10, 152; 

shutting up in cans upon cheese- 

making, 11, 453; silage on lactic 

acidsing 255151. 

enzyms, destruction by heat, 22, 

205. 

in, from bacteria in udder, 2 

LSS. 

fat and cheese yield, 15, 66; and 

fat in food, 10, 126; as a basis 

for measuring cheese production, 

15, 89; as basis of payment at 

cheese factories, 10, 289, 15, 97, 

105; as related to albuminoids 

and fat in food, 10, 112; butter- 

making, efficiency of, 10, 389; 

carbohydrates as source of, 16, 

518; food and body fat as source 

of, 16, 517; food source of, 20, 

14, 29, 31; formation, 16, 493; 

globules of, 4, 293; in butter- 

making, 10, 316; how to ascer- 

tain butter-making, efficiency of, 

LO moo ine eet oe Li Ge 128: 

a Be Pe 9 Ib Rs Te ee BE Be 

butter-making, efficiency of, 10, 

307; in different milks, difference 

in cheese-producing power, 15, 

90; influence of advancing lac- 

tation upon, 10, 384; protein as 

source of, 16, 518; relation to 

casein andsto cheese yield, 15, 

A mLOGLTs Us COs Ole SOOO Lela 

tion to food fat and protein, 20, 

‘48; source of, 10, 124, 16, 22, 
491; variation in percentage, 16, 

522. 

o ’ 
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Milk 
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, flavor in, discussion, 19, 30. 

fishy flavor in, 19, 36. 

flow, effect of changes in fuel 

value, 20, 63, 96; effect of changes 

in nutrients, 20, 62, 72; effect 

of changes in nutritive ration, 

20, 65; effect of ration changes, 

20, 15, 61. 

for three periods of lactation, 12, 

124. 

from different breeds, solids in, 12, 

118. 

Holstein and Jersey cows, 

analyses, 2, 157. 

globules, 11, 158, 159; average 

diameter during lactation, 10, 

150, 153; average size during 

lactation, 10, 152; buoyancy 

during lactation, 10, 1538; change 

in size of 11, 158, 154; changes 

in, during lactation, 10, 160, 

162, 11, 156; difference in, dur- 

ing milking, 10, 132; effect of 

size upon creaming, 10, 155; in 

separator skim-milk, number and 

size of, 10, 158; in skim-milk, 

number and size of, 10, 158, 12, 

148; ratio of weight and buoy- 

ancy during lactation, 10, 153; 

relative rapidity of rising, 19, 

156; volume of each month of 

lactation, 10; 153; weight of, 

during months of lactation, 190, 

a Naya 

influence of casein and albumen in, 

on cheese, 10, 263, 11, 420; 

casein and albumen in, on yield 

Ot cheese, PLOVN 21 ee ey 429)" 

composition on composition of 

cheese, 10, 261; composition on 

yield of cheese, 10, 267, 11, 417; 

fat in, on yield of cheese, 190, 

267, 11, 427; temperature on 

creaming, 8, 210. 

kind used in making edam cheese, 

12, 245; gouda cheese, 12, 264. 

lactic acid bacteria in, 22, 65. 

methods of analysis, 2, 167; of 

cream raising, tests, 9, 254; of 

paying for, in cheese-making, com- 

parison of, 15, 98-102. 

microscopic examination, 10, 143. 

morning and evening compared, 10, 

AZ Lac sin wc 

monthly increase and decrease of 

fat, casein and cheese in, 15, 52. 
number and size of fat globules, 10, 

1438, 316. 

odors from plant growth in, 19, 31. 

of cows in breed test, analyses, 9, 
ike. 

Milk, of different breeds, ash in, 12, 

117, 122;  casetay in; eae, 

1203 fat in, 10,°265/) 1277102. 

119; solids In,’ 22,7110 ee 

sugar in, 12, 116, 121. 

pasteurization experiment, 18, 127. 

pasteurized, bacteriological tests, 

18, 141. 

making cheese from, 22, 204. 

payment for, at cheese factories, 10, 

288, 15, 97, 105. 

percentage and amount of constit- 

uents during lactation; ash, 10, 

80, 87; casein, 10, 80, 85; fat, 

10, 79, 84; sugar, 10, 81, 86; 
total solids, 10, 78, 838. 

physical effects on, due to period cf 

lactation, 10, 152. 

production, and silage, 15, 648; 

effect of drought on, 15, 37; 

feeding experiment, 6, 15; rela- 

tive value of grain rations, 8, 

198; stimulus of protein, 16, 

519. 

profit derived from selling, 14, 16. 

quality, relation of food to, 16, 521. 

relation of albumen and casein, 10, 

257; 11, 338, 12, 296, 366; fat 
to casein and albumen in, t1, 

342, 346, .12, 274553675 ecaree 

food to fat m, 11, 148; food to, 

2295, 251433 

relative cost of production, 10, 22, 

T1032 

size and number of globules in, 

12, 148. 

required to make butter, amount of, 

BE Rote Is 

make one pound of cheese, 10, 

271, 11, 461, 12, 462. 

secreted per hour, average, 10, 121. 

secretion by day and night, 10, 121. 

regularity of, 9, 15, 10, 121. 

skimmed, composition, 16, 564. 

relation of fat to casein and 

albumen, 11, 349. 

solids in, ‘21, 110; 215fe3270ee.. 

329, 12, 96, 101, 346; produced 

from digestible matter eaten, 16, 

549; secretion, relation of pro- 

tein supply, 16, 520; variation 

In percentage, 16, 522. 

source of fat in, 1V¥, 124, 1i, 146, 

12, 156, 16, 491, 20, 29. 

souring, chemical changes, investi- 

gation, 23, 17, 81, 86; explana- 

tions of changes, 23, 84; tabula- 

tion of chemical changes, 23, 87, 

study of composition, 10, 139, 11, 

827, 12, 341. 
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Milk, sugar, conversion into acid by 

bacteria, 22, 67; decomposition 

produces carbon dioxide, 22, 

180; decrease in souring of milk, 

Bae ote int BAe 0118,.118, 130, 

135; in cottage cheese, 23, 95; 

in, during lactation, 12, 99, 104. 

tainted, effects of, in cheese-mak- 

ing, 11, 452. 

temperature when adding rennet, 

1, B17, 12, 332. 
test bottles, inspection, 19, 14, 444. 

time for rennet to coagulate, 11, 

819, 12,.833. 

treatment of, before adding rennet 

in making cheese, 10, 225; edam 

cheese, 12, 245; gouda cheese, 
12, 264. 

used in cheese-making, description 

of, 10, 229. 

value of, 14, 12. 

variation, of fat, casein, etc, in, 

15, 38, 40, 41, 44; in total 

monthly yields, 15, 56; in yield 

and composition, cause and bear- 

ing of, 15, 57. 

viscosity of, 5, 3038. 

whey and cheese, analyses, 10, 232, 

DdwS09;,03.1,0, 082-253... 288,328. 

yield and composition each month, 

10, 57; food constituents, rela- 

tion, 10, 114, 116; number of 

globules, changes in, 11, 155; 

butter from 100 pounds of, 10, 

307; of milk solids, 16, 506. 

1 oie.) 21.4 160,1.181.5) by 

breeds, 10, 57-77, 94, 105, 11, 

126,812,112, 126; by lactation 

periods, 5, 26, 10, 77, 11, 109, 

havo ~i12, 1444 daily, 10, 312, 

880; explanations of tables show- 

ing, 12, 153; influence of ad- 

vancing lactation, 5, 26, 10, 

380, 381; influence of feed on, 5, 

25.5 monthly, 10, 77, 94,-. 105, 

cola sant; 11,0100, 11,126: 

monthly yields of fat in, by dairy 

animals, 10, 314; percentage 

changes in each month of lacta- 

tion, 10, 106; total for each 

animal, 10, 109. 

Milking, fractional, effect of, 10, 129. 

Milks, different, difference in cheese- 

producing power of milk fat in, 15, 

90; effect of adding skim-milk to, 

in cheese-making, 15, 93, 95; remov- 

ing fat from, in cheese-making, 15, 96, 

97. 

Mill-products, composition and value »f, 

14, 147. 

manurial value of, 14, 147. 

14 
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Miller, G. S., on Board of Control, 8, 

Vv. 

Millet, fertilizers for, 14, 108. 

tests of, 1, 73. 

Mills, Geo. F., on Board of Control, 8, 

Vv. 

Mineral constituents in straw, 10, 174. 

matter, importance for chicks, 22, 

eon ake 

nitrogen compounds 

14, 62. 

Minerals, unusual, as fertilizers, 9, 168. 

Minimum and maximum thermometers, 

readings of, 11, 716, PRUE Ea amma Bs 

777,18, 708, 16, 627, 17, 574, 18, 

477, 19, 468, 20, 418, 21, 448, 22, 

459, 460, 23, 435, 4386, 24, 389, 25, 

462-468. 

Miscellaneous feeding 
18, 63. 

products, composition of, 8, 94. 

in fertilizers, 

stuffs, analyses, 

Miscible oils, directions for using, 25, 

295; effect on leaf blister mite, 25, 

323; effect on San Jose scale, 25, 19, 

289, 294. 

Mite injury and spray injury, difference, 

25, 317. 

Mites, American species and hosts, 25, 

304. 

apple and pear, study of, 25, 297. 

history of family, 25, 303. 

life stages, 25, 302. 

pear and apple, species found, 25, 

306. 

structure, 25, 300. 

study of, 25, 20, 297. 

synopsis of genera, 25, 303. 

Mixed feeds, analyses, 18, 55, 21, 425. 

carbohydrates of, 18, 60. 

grains, analysis of, 10, 40. 

hay, analysis of, 10, 40. 

fertilizing materials contained 

in, 14, 93. 

Mixing tanks for bordeaux mixture, 22, 

328. 

Mixtures for different crops, 14, 95. 

Mohawk Valley, apples for, 25, 360. 

Moisture control in cheese-curing rooms, 

20, 197, 216, 218. 

effect on crops, 6, 14. 

on potato scab, 6, 308. 

evaporation in hay making, 6, 70. 

in air, determination, 20, 198; 

cheese, effect of cold storage on, 

22, 240; cheese, prevention of 

loss, 20, 2138; soil, effect of 

shade on, 23, 2384; soil, effect 

of various treatments, 7, 180; 

soil, instrument for measuring, 

6, 110; soll, percolation, 5, 327, 

Coy SS lae ts Behe 
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Moisture, influence in cheese ripening, 

22, 264. 

relation to cheese ripening, 22, 253. 

saturation table, 20, 219. 

Molds, filling, in making edam cheese, 

12, 247, 
filling, in making gouda cheese, 12, 

265. 

Molting, early, 10, 195. 

Mona Island guano, phosphoric acid in, 

14, 71. 

Monilia fructigena. (See Fruit rot.) 

Monolactate, casein, in milk souring, 23, 

90. 

Monophadnoides rubi, notes on, 18, 462. 

Monophadnus rubi. (See Raspberry 

saw-fly.) 

Monstrosities, botanical, 2, 40. 

Montmoreney cherries, spraying experi- 

ments, 16, 207, 214. 

Moore Harly grape, effect of ringing, 17, 

518, 514. 

Moore, V. A., bulletin by, 25, 27. 

Morning and evening milk compared, 10, 

122. 

Morthiera mespili (see Pear leaf 

brownness; figure, 3, 371). 

mespili cydoniae (see Quince leaf 

brownness and Quince fruit spot- 

ting). 

Morton, Governor Levi P., on Board of 

Control, 14, V. 

Moseley, F. N., potato spraying experi- 

ment, 24, 172. 

‘““Mother”’ of vinegar, effect of adding, 

on acetic fermentation of cider, 23, 

154. 

Mottled butter, effect of working, 24, 
286; relation of rich cream to, 24, 

284; relation of ripeness of cream to, 

24, 284; relation of size of granules 

to, 24, 285; relation of temperature 

to, 24, 284. 

Mottles in butter, cause, 24, 279, 288; 

prevention, 24, 293; relation of pro- 

teids.to, 24, 272, 278, 291; relation 

of salt to, 24, 287. 

Muck, analyses, 2, 161. 

vs. manure, 8, 256. 

Mudge, Charles W., Assistant Chemist, 

18, V; transfer, 24, 8. 

Mulching, effect on potatoes, 3, 74. 

on soil moisture, 7, 181. 

influence on yield of potatoes, 2, 

125. 

potatoes, 1, 68. 

to prevent mildew of peas, 4, 215. 

Muercuric chloride for potato scab, 6, 

bens 

Muriate, cost of potash in, 22, 399. 
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Muriate of potash, availability of, 14, 

87; for potato scab, 6, 313; for 

prevention of pear midge, 15, 

616; potash in, 14, 72, 74; to 

make valuation. of, 14, 136. 

Murray, B. L., Assistant Chemist, 10, 

V. 

Museum, 15, 19. 

Mushrooms, 14, 331. 

analysis of, 14, 341. 

composition, 6, 427, 464. 

greenhouse culture, 14, 333. 

market price of, 14, 332. 

plant food constituents in, 24, 374. 

preparing for table, 14, 341. 

spores of, 14, 339. 

Muskmelons, 12, 571. 

and watermelons, spraying, 16, 366. 

fertilizers for, 14, 108. 

notes on varieties, 7, 124. 

plant food constituents in, 24, 374. 

root system, 3, 313, 5, 161. 

spraying, 16, 366. 

test of varieties, 7, 123. 

Mustard, notes on, 4, 220. 

seed, germination, 23, 356. 

Mutton, fat and lean, feeding for, 7, 

3800. 
Mycologist, addresses delivered by, 14, 

wae. 

leave of absence granted, 16, 7. 

reports of, 14, 519, 15, 449, 16, 

345. 

Myrobolan plum stocks, 11, 660. 

Mytilaspis pomorum. (See Oyster shell 

bark louse.) 

Myzus cerasi, notes on, 18, 423. 

ribis attacking plum, 16, 485; de- 

seriptions and life history, 16, 

485; history, distribution. and 

food plants, 16, 485;-notes on, 

15, 529, 18, 425; partial bibliog- 

raphy, 16, 487. 

Native black currants, 14, 292. 

Natural checks of forest tent-caterpil- 

lars, 18, 297. 

*“Natural Plant Food” 

position, 15, 121; misleading char- 

acter of guaranteed analysis, 15, 

120; real character of, 15, 122; real 

value of, 15, 119; selling price and 

actual value of, 15, 124. 

Navassa phosphate, phosphoric acid in, 

14, 71. 

Nectarine, varieties at Station, 3, 22, 7, 

100, 8, 353. 

Nectria as a cause of tree canker, 18, 

chemical com- 

331. 
cinnabarina. (See Cane blight of 

ecurract. ) 

ditissima. (See European canker.) 



New York AGRICULTURAL EXPERIMENT STATION. 

Nematus  ventricosus. (See Currant 

worm.) 

Needs of Experiment Station, 10, 4, 

16, 10, 24, 9. 

New corn product, character, 16, 524; 

digestibility and feeding value, 16, 

523; letter from Edward Atkinson 

concerning, 16, 524; work at Mary- 

land Station, 16, 524. 

New fruits originated, 15, 26. 

Newspapers and periodicals, lists, 7, 48, 
B40 7 Os 11195110) (13; 12, 204, 14, 

Zoe) aes, 6925165026, 17, 38,18, 25, 

19, 461, 20, 408, 21. 441, 22, 449, 

23, 429, 24, 379; 25, 455. 
Newton, F. E., appointment, 

stenographer, 3, 3. 

R. D., Report as Meteorologist, 10, 

esa 1s: 

498, 11, 701. 

Newtown Spitzenburg group of apples, 

25, 346. 

New York Agricultural Experiment Sta- 

tion, work of, 11, 10. 

and New Hngland compared, 10, 

18. 

apple-tree canker, 18, 331. 

plum Lecanium, 14, 574; descrip- 

tions and life history, 16, 448; 

history, distribution, food plants, 

ete., 16, 448; on nursery stock, 

16, 447; remedial measures, 16, 

448. 

pomological districts, 25, 353. 

State, agricultural interests of, 7, 

16210017. 

Niagara grape, effect of 

Bile, od. 5D. 516% 

Nicholas, Phillip N., on Board of Con- 

TLOly DAV; 

Nicholson, Jolin  F., appointment, 21, 

10; Assistant Bacteriologist, 21, VII; 

bulletin by, 28, 47; circular by, 22, 

ringing, 17, 

79; resignation, 22, 10; work on 

cheese, 21, 187. 

Nightshade, white Malabar, notes on, 

A 222 

Nitrate of potash, 14, 73; for cabbage 

maggot, 6, 96; for oat smut, 4, 

129, 5, 128. 

of soda, 14, 62; availability of, 14, 

87; cost of nitrogen in, 22, 398; 

for lettuce forcing, 17, 486; for 

potato scab, 7, 225; nitrogen in, 

14, 62, 64. 

Nitro-culture, directions for using, 24, 

63. 

examination of packages, 25, 114. 

Nitrogen, action in plants, 14, 53. 

and fat, balance sheet for milch 

cow, 16, 509. 

balance in milch cow, 16, 513, 20, 

43. 
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Nitrogen, albuminoid and non-albumin- 

oid in feeding stu4s, 4, 346, 5, 

3438, 6, 428; in grasses, 6, 408. 

amount applied and removed in 

two crops, 15, 113, 114. 

in soil, 14, 56. 

compounds, animal, in fertilizers, 

14, 63. 

compounds in cheeses, 22, 177; 

separation, 20, 172; in cottage 

cheese, change, 23, 101; in cot- 

tage cheese, digestion, 23, 103; 

in milk, determination, 20, 173; 

water soluble, in cheese, 22, 241. 

content of feces, effect of drying, 

16, 501. 

cost in dried blood, 22, 399. 

nitrate of soda, 22, 398. 

excess of, indicated by crops, 

85. 

form in feeding stuffs, 8, 76. 

in early and late cut timothy, 

G, 414. 

forms useful to plants, 14, 43. 

free extract of feeds, 8, 76; 

late growth of corn, 8, 89; 

maize stover, 16, 527. 

in air, 14, 42; ammonia, 14, 43; 

ammonite, 14, 68, 64; azotin, 14, 

63, 64; bones, 14, 68; bone- 

meal, i4, 68; castor-bean po- 

mace, 14, 63, 64; cheese, de- 

termination, 21, 198; commer- 

cial material, 10, 418; cottage 

cheese, 23, 95; cottonseed meal, 

14, 62, 64; dried blood, 14, 63, 

64; dried fish, 14, 63, 64; feed- 

ing stuffs, 7, 240; fertilizers, 16, 

31, 136; fertilizing materials, 14, 

61, 64; fish-scraps, 14, 63, 64; 

ground fish, 14, 63, 64; guanos, 

14, 64; hair, 14, 63, 64; hoof- 

meal, 14, 63, 64; horn-dust, 14, 

63, 64; leather scraps, 14, 64; 

meat scraps, 14, 64; milk, de- 

termination, 21, 213; nitrate of 

soda, 14, 62, 64; nitrates, 14, 

43; plants and animals, 14, 43; 

14, 

ip 

in 

sugar beets, 16, 195; sulphate 

of ammonia, 14, 62, 64; tankage, 

14, 64. 

lack of, when indicated by crops, 

14, 85. 

loss from soil, 14, 57. 

in drainage water, 6, 396. 

meaning of, in analysis of fertiliz- 

ers, 10, 404. 

mineral, in fertilizers, 14, 62. 

occurrence, 14, 42. 

provisions of fertilizer law in refer- 

ence to, 15, 133. 

relation to fertilizers, 14, 50. 
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Nitrogen test on grasses, 8, 285. 

used for apple trees, 24, 358; fruit 

trees, 24, 360; peach trees, 24, 

360; pear trees, 24, 362; plum 

trees, 24, 363; quince trees, 24, 

365. 

vegetable, in fertilizers, 14, 42. 

water-soluble in cheese, determina- 

tion, 21, 199. 

Nitrogenous chemical fertilizers and 

stable manure for forcing lettuce, 

20, 321. 

guanos, 14, 64. 

Nomenclature, accurate, 

horticulture, 3, 189. 

Norris, 8S. D., potato spraying experi- 

ment, 24, 154. 

Northern Spy group of apples, 25, 346. 

Norway maples, disease of, 14, 531; 

injured by dry winds, 15, 453. 

Nozzle, best for spraying, 22, 354. 

Nozzles, classification and description, 

22, 348. 

clogging and dribbling, 22, 350. 

double discharge, 16, 226. 

for bordeaux mixture, 12, 707. 

for spraying, 16, 225. 

hose, trial, 7, 150. 

Nurseries, inspection, 16, 437. 

Nursery, cellar trouble of pears, 20, 17, 

1438. 
inspection, classes benefited, 16, 

440; demand for, 16, 440; value, 

16, 440. 

method of inspection, 16, 439. 

stock, analyses of, 10, 163; distri- 

bution of pistol-case-bearer by, 

15, 553; experiments, 11, 642; 

fertilizers for, 14, 109; fumigat- 

ing, 16, 21, 467; fumigation of, 

19, 335; infested, experiments in 

treating, 16, 463; infested, treat- 

ment of, 16, 437; infested with 

plant lice, dipping, 16, 463; in- 

sects found on, 16, 442; inspec- 

tion, notes, 16, 20; inspection, 

report on, 15, 558; inspection, 

States requiring, 16, 438; min- 

eral matter removed by, 11, 204; 

percentage of dry matter and ash 

ine) L1G. 1k Gees ra ving eLOr 

flea beetle, 16, 465; test of fungi- 

cides, 10, 179; weight of roots, 

branches and trunks of, 11, 175, 

202. 

trees, effect of winter spraying with 

kerosene on, 19, 318. 

young, spraying, 16, 20. 

Nutrients, effect of changes on milk 

flow, 20, 62, 73. 

in ration, 16, 541. 

Nutrition of plants, work in, 16, 15. 

importance in 
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Nutritive effect of rations from unlike 

sources, 16, 542. 

fertilizing materials, 14, 61. 

ratio, effect of changes on milk 

flow, 20, 65, 119. 

Oak scale, 14, 550; kerosene emulsion 
for, 14, 550; notes on, 16, 451; on 

nursery stock, 16, 451. 

Oat and pea forage, analysis of, 10, 40. 

silage, 15, 644. 

vetch silage, 15, 644. 

feed, digestion experiment, 18, 60. 

feeds, analyses, 18, 56, 21, 427. 

grass, tall meadow, notes on, 1, 

76. 
hay, proximate analysis of, 10, 40. 

meal, composition, 16, 564. 

smut, 3, 382, 5, 124; cost of fungi- 

cides for, 16, 303; description, 

5, 128, 16, 305; experiments in 

prevention, 4, 128, 16, 296, 301; 

fungicides for, 4, 128, 5, 128, 

16, 294; hot water treatment for, 

16, 295; methods of infection, 

16, 306; results of treatment by 

sprinkling with fungicide, 16, 

298; treatment, 16, 16, 294. 

straw, composition, 20, 32. 

heat value of, 20, 54. 

varieties, classification, 5, 100. 

synomyms, 4, 131. 

Oats, analyses, 18, 59. 

and peas, 10, 492; as food for 

milch cows in time of drought, 

15, 65; food value, 16, 555; vs. 

clover for swine, 9, 152. 

classification of, 3, 385. 

compact vs. loose seed bed, 5, 131. 

composition of, 15, 670, 16, 564. 

constituents in ash, 10, 174. 

description of varieties, 3, 390, 5, 

102. 

effect of severe cultivation, 1, 36. 

of size of seed on crop, 6, 65. 

fall planting, 6, 68. 

fertilizer experiment on, 7, 344. 

fertilizing materials contained in, 

14, 93; value of, 14, 76. 

fertilizers for, 14, 109. 

ground, composition, 10, 40, 1¢ 

564. 
heat value of, 20, 54. 

infection by smut, 16, 306. 

key to varieties, 3, 390. 

large vs. small seed, 4, 131. 
loss during storage, 3, 80. 

notes on varieties, 3, 395. 

seeding period, 5, 130. 

selection ; experiments, 4, 129. 

statistics of growth, 5, 116. 

subsoiling, 8, 294. 
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Oats, tillering of, 5, 118. 

utility of variety tests, 4, 56. 

variety tests, 1, 35, 3, 399, 401, 4, 

56. 
vegetation at different depths, 6, 

66. 

winter sowing, 6, 69. 

Odell, Gov. Benjamin B., Jr., on Board 
of Control, 20, V. 

O’Donnell, John, on Board of Control, 

3, 3. 
Odors in milk, 19, 31; effect of tem- 

perature on, 19, 33. 

O’Hanlon, Wm., reports as Treasurer, 6, 

1, 7, 1, 8, 3). 9, 4, 10, qT, 11, 5; 12, 

1; 13, a ead; 15, 1, 16, I; 17, 1, 

18, 1, 19, 1, 20, 1, 22, 1, 23, 1, 
24, 1, 25, 1. 

Ohio Improved Chester-Poland China 
cross, rate and cost of growth, 15, 

659, 665. 
Oidium fructigenum, figure, 4, 281, 282; 

(See Knotting of cherries and 

plums.) 

lactis, from tomato, figure, 3, 381. 

Oil cups, 22, 371. 

meal, analyses, 21, 425. 

Oils, miscible. (See Miscible oils.) 

Oldenburg group of apples, 25, 346. 

Okra, 12, 573. 

root system of, 5, 159. 

seed, germination of, 2, 60. 

variety tests, 4, 217, 5, 249, 7, 130. 

Olin, Milo H., on Board of Control, 22, 

Wik : 

Olney, Luman D., on Board of Control, 

12, V. 
Onion, classification of varieties, 6, 190. 

cutworms. (See also Cutworms.) 

cutworms, outbreak, 15, 629. 

description of varieties, 6, 191. 

experiments, fertilizers used, 20, 

238. 

growing, commercial fertilizers in, 

20, 24. 

index to varieties, 6, 208. 

notes on varieties, 6, 319. 

packed or loose soil for, 3, 201. 

root system, 3, 310, 5, 161. 

seed, germination of, 2, 60. 

smut, damage by, 19, 70; dissemi- 

nation, 19, 71; methods of com- 

bating, 19, 71; nature of, 19, 

70; sulphur-lime treatment for, 

19, 69; time of infection, 19, 92; 

treatment of, 19, 94. 

thrips, notes on, 15, 612. 

varieties, germination of seed, 4, 

FQ. 

Onions, 12, 573. 
applying nitrate of soda to, 10, 

478. 
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Onions, bacterial rot of, 18, 169. 

commercial fertilizers for, 20, 236. 

compact vs. loose soil for, 4, 144. 

eastern-grown vs. California-grown 

seed, 10, 477. 

effect of fertilizers on quality, 20, 

_ 248. 

fertilizer experiments with, 10, 477. 

fertilizers for, 14, 109. 

fertilizing materials contained in, 

14, 93. 

large vs. small seed, 4, 144. 

nitrate of soda for, 10, 478. 

outbreak of cutworms on, 15, 629. 

plant food constituents in, 24, 374, 

slippery, cause of, 18, 171. 

variety tests, 1, 125, 2, 183, 3, 200, 

4, 142, 5, 236. 

yield, 20, 240. 
Onobrychis sativa as a cover crop for 

orchards, 15, 448. 

Ontario Shore pomological district, ap- 

ples for, 25, 364. 

Oospora rosea, potato blight caused by, 

15, 510. 

scabies. (See Potato scab.) 

Orange rust, notes on, 18, 460; occur- 

rence, 18, 194; of raspberry, 14, 370; 

of raspberry, recognition, 16, 232; on 

blackberry, 19, 182. 

Orchard fumigation, 20, 292. 

grass hay, digestibility, 7, 276. 

notes on, 1, 76, 5, 136. 

management, experiments, location, 

25, 13. 

sample, establishment, 3, 20. 

Station, notes on, 1, 144, 2, 34, 5, 

LGW, t. 250, 2,200.17 

treatment, lime-sulphur-soda wash 

for, 23, 19, 187. 

sulphur washes for, 24, 297, 

trees, small, fumigator for, 19, 287. 

Orchardists, attitude on spraying in 

bloom, 19, 370. 

Orchards, cover crops for, 15, 440. 

dwarf, location of tests, 25, 13. 

San Jose scale in, treatment, 21, 

258. 

spraying, 8, 358. 

worn-out, renovation of, 25, 449. 

Orchilla guano, phosphoric acid in, 14, 

TAs 

Orgyia leucostigma, 

sock-moth, 14, 552. 

Ornix prunivorella. 

miner. ) 

Ox-eye daisy, composition, 5, 351. 

Oxygen, action in plants, 14, 52. 

occurrence and description, 14, 42. 

relation to fertilizers, 14, 49. 

white-marked tus- 

(See Apple leaf 
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Oxyphenylethylamine in normal cheese, } Paracasein, salt, salt-soluble product in 

22, 172. 

Oyster shell bark louse, descriptions and 

life history, 16, 443; history, 

distribution, food plants, etc., 16, 

443; notes on, 15, 534, 18, 416; 

on nursery stock, 16, 442; re- 

medial measures, 9, 341, 16, 445. 

shells for hens, 10, 182. 

Pacific Coast apple tree canker, notes on, 

18, 357. 

’ Packing of piston, 22, 370. 

Paddock, Wendell, articles by, 15, 269, 

344, 348, 349, 358; Assistant Horti- 

culturist, 14, V; bulletins by, 16, 

215,° 231, 273,. 17, 492,-510,18,4331, 

19, 342; resignation, 19, 9. 

Pachyneuron aphidivorus parasitic on 

plant lice, 16, 481. 

Paecilocapsus lineatus, 

injury, 20, 129. 

Paleacrita vernata, notes on, 18, 411. 

Palmer worm, adult, 21, 253; egg, 21, 

249; food plants, 21, 248; injury 

by, 21, 249; larva, 21, 250; life his- 

tory, 21, 249; methods of control, 21, 

254; notes on, 21, 248; pupa, 21, 

252; summary of life history, 21, 

254. . 

Pancreatin digestion of feeding stuffs, 

5, 337. 

Papilio asterias. (See Celery caterpillar.) 

Paracasein, action of lactic acid upon, 

21, 177. 

and acid, additional compound pos- 

sible, 21, 184. 

casein, relation, 24, 257. 

casein salts, solubility, 21, 

1853 study of, 21,7 167: 

compounds in cottage cheese, di- 

gestion, 23, 103. 
dilactate, action of rennet enzyme 

and commercial pepsin on, 22, 

202. 

lactate, artificial. preparation of, 

21, 175; from cheese, prepara- 

tion of, 21, 176; natural and 

artificial, comparison, 21, 176; 

unsaturated, determination in 

cheese, 21, 218; unsaturated, re- 

lation to cheddar cheese-making, 

21, 188; unsaturated, relation to 

cheese ripening, 21, 191. 

monolactate, amount in cold stored 

cheese, 22, 241; amount in milk 

and cheese, 22, 71; formed in 

cheese by bacteria, 22, 70. 

relation to bases and acids, 24, 

237; inorganic compounds, 24, 

259;  salt-soluble product in 

cheese, 24, 266. 

appearance of 

cheese, 21, 175. 

salts formed by combination with 

acids, 21, 177, 181. 

unsaturated salts of, acid satura- 

tion, 21, 183. 

Paraffin, effect of use on cheese, 22, 

22s 2323 ‘ 

Paraffining, effect on market value of 

cheese, 22, 235. 
cheese, summary of 

22, 29. 

Paragrene, composition of, 18, 2438, 19, 

456. 

Paranuclein in cheese, 21, 218. 
determination in cheese, 21, 199. 

Parasite upon carnation rust, 19, 55. 

Parasites of striped beetle, 18, 260. 

Parasitic enemies of forest tent-cater- 

pillar, 18, 308. 

enemies of tent-caterpillar, 17, 377. 

insects affecting plant lice, 16, 480. 

Parasitism of Rhizoctonia, 19, 120. 

Paris green, 14, 387; adulteration of, 

15, 555, 16, 230, 18, 242; against 

cottonwood leaf-beetle, LT ete3as 

grape-vine flea-beetle, 17, 361; spring 

canker worm, 17,° 387; tent-caterpil- 

lar, 17, 379 ;-analyses/elS) a25 cee, 

450, 452, 20, 397, 21, 434; analyses, 

discussion of, 20, 398; and flour 

against cabbage worms, 17, 395; cab- 

bage looper, 15, 625; chemical com- 

position, 18, 288; discussion of analy- 

ses, 19, 453; effect on potato foliage, 

24, 195; for codling moth, 4, 246, 7%, 

144; potato beetle, 6, 97, 7, 228; 

fungicidal value, 24, 207; injury to 

plum foliage, 5, 173; inspection, 19, 

449; inspection, defects, 19, 457; 

inspection law, defects, 18, 245, 19, 

457; inspection, notes, 20, 13; law 

to prevent fraud in sale of, 18, 245; 

manufacturers, list, 20, 400; potato 

spraying experiment with, 24, 200; 

pure, color of, 18, 243; pure, soluble 

in ammonia, 18, 243; rate of appli- 

cation, 16, 230; report of analyses, 

18, 240, 20, 396; use, 16, 216, 230; 

use as an insecticide, 22, 835; used 

as insecticide on potatoes, 24, 197. 

Parrott, Percival J., appointment, 22, 

10; assistance on bulletin, 22, 321; 

Assistant Hntomologist, 19, V; bul- 

letins by, 19, 297, 20, 247, 21, 2381, 

23, 187, 206, 24, 297, 25, 289, 297; 

circular by, 23, 223; Entomologist, 

22, VII; resignation, 21, 9. 

Parsley, notes on, 4, 218. 

root system of, 5, 159. 

variety test, 2, 208. 

Parsnip, root system, 3, 311. 

experiments, 
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Parsnips, 12, 574. 

fertilizers for, 14, 110. 

plant food constituents in, 24, 374. 

variety tests, 2, 180, 4, 139. 

Pasteurization at different temperatures, 

data, 18, 144, 146, 149. 

continuous, 18, 1338. 

discontinuous, 18, 132. 

effect on action of rennet in cheese 

ripening, 22, 207. 

Pasteurized milk, bacteriological tests, 

18, 141. 

Pasteurizer, description of, 18, 136. 

efficiency of, 18, 127. 

Pasturage of alfalfa, 16, 559. 

Pastures, fertilizers for, 14, 106. 

Patchin, Willard F., Clerk and Stenog- 

rapher, 25, VII. 

Patten, Andrew J., appointment, 19, 9; 

Assistant Chemist,19,V; bulletins by, 

23, 114, 25, 56; leave of absence, 21, 

10; resignation, 24, 8. 

Patterson, H. J., on ether extract, 10, 

128. 

Pea and oat forage, analysis of, 10, 40. 

canning, proper temperature for, 

22, 79. 

root system, 8, 306. 

weevil, 14, 376. 

treatment of, 1, 141, 2, 206. 

Peach, 10, 493. 

borers, 14, 359. 

buds, effect of hydrocyanic acid 

gas on, 20, 276. 

culture at Station, notes on, 9, 332. 

curculio, 14, 359. 

diseases in the Hudson Valley, 18, 

207; notes on, 3, 372; notes on 

crown gall, 18, 437; fruit rot, 

18, 488; gumming, 18, 438; leaf 

curl, 18, 439; little peach, 18, 

440; ripe rot, 18, 438; root knot, 

18, 437; yellows, 18, 440; prev- 

alence of, 19, 189. 

foliage, injury to, from paris green, 

ete., 14, 358. 

fruit rot of, 14, 358. 

gumming, notes on, 3, 875. 

insects, notes on borer, 18, 441; 

bud moth, 18, 442; curculio, 18, 

442; fruit bark beetle, 18, 442; 

San Jose scale, 18, 416, 449; 

remedies, 9, 345. 

leaf curl, effect of sulphur washes 

on, 24, 331. 

notes on, 3, 372, 6, 353, 14, 359. 

snout beetle, comments on, 22, 31. 

Peach-tree-borer, 14, 359, 15, 559; 

bibliography, 15, 567; character 

of injury, 15, 561; description 

and life history, 15, 561; dis- 

tribution, 15, 560; history, 15, 

Peach-tree-borer — Continued. 

559; notes on, 16, 460, 18, 441; 

on nursery stock, 16, 460; pre- 

ventive and remedial measures, 

15, 564. 

trees, analyses of, 10, 168-173; ef- 

fect of hydrocyanic acid gas on, 

20, 296; plant food constituents 

used by, 24, 359. 

yellows, 14, 359, 19, 191. 

law, 14, 368. 

Peaches, effect of fall spraying on, 23, 

213, 214. 

effect of lime-sulphur-salt wash 

on, 21, 289, 292, 300. 

fertilizers for, 14, 110. 

imperfect fertilization, 20, 17, 149. 

plant food constituents in, 24, 372. 

tarnished plant bug on, 19, 284. 

varieties tested, 3, 21, 7, 93, 98, 8, 

352, 357, 9, 347, 12, 612, 15, 

289. 

winter killed, 8, 340. 

winter injury to, 15, 422. 

Pear and apple mites, species found, 25, 

306. 

blight bacteria, figures, 5, 261, 262; 

bibliography, 5, 283; experiments 

with, 3, 3857; hyposulphite of 

soda for, 5, 174; notes on, 5, 

259, 14, 359; remedy for, 14, 

360; study of, 4, 268. 

(See also Pear leaf blight.) 

buds, effect of hydrocyanic acid gas 

on, 20, 274. 

diseases, 3, 357. 

{ in the Hudson Valley, 18, 209. 
notes on fire blight, 18, 443; 

general treatment, 18, 452; 

leaf blight, 18, 444; leaf 

spot, 18, 445; scab, 18, 445. 

prevalence, 19, 197. 

Pear fruit, injury from spraying, 

704. 

insects, notes on, bark lice, 18, 446; 

blister mite, 18, 446; borer, 18, 

12, 

447; bud moth, 18, 447; case 

bearers, 18, 447; cigar-case 

bearer, 18, 447; codling moth, 

18, 447; general treatment 

against, 18, 452; leaf blister 

mite, 18, 447; oyster-shell bark 

louse, 18, 448; pear midge, 1%, 
447; pear psylla, 18, 448; pistol- 

case bearer, 18, 447; San Jose 

scale, 18, 449; scurfy bark louse, 

18, 450; sinuate pear-borer, 18, 

451; slug, 18, 451; remedies for, 

9, 345. 

leaf blight, American pear stocks, 

11, 651; bordeaux mixture 

efficacious, 11, 647-651, 
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Pear-leaf-blight — Continued. 

GHZ. experiments with 

stocks, 11, 646; French pear 

stocks, t1, 646-649; Japan 

pear stocks, 11, 649; notes 

on, 38, 367, 11, 648, 645, 652, 

12, 702, 14, 380; remedy, 

4 Sel 
blister mite injury on, 25, 315. 

brownness, notes on, 3, 368. 

yellow, notes on, 3, 369. 

midge, 14, 600; experiments in pre- 

vention, 15, 614; kainit for pre- 

vention of, 15, 615; muriate of 

potash for prevention of, 15, 616; 

parasite of, 15, 618; repellants 

for, 15, 618; salt for prevention 

of, 15, 616. 

mites, study of, 25, 20, 297. 

notes on varieties, 7, 103. 

psyllia, 14, 3861; effect of sulphur 

washes on, 24, 318; notes and 

remedies, 23, 223; remedy for, 

14, 362. 

scab, bibliography, 12, 711; cause 

of, 12, 703; cost of treatment, 

12, 701; dates of spraying, 12, 

696; experiments in preventing, 

12, 694; method of spraying, 12, 

697; notes on, 3, 367, 14, 360; 

number of sprayings, 12, 704; 

occurrence, 18, 209; potassium 

sulphide for, 6, 850; remedy for, 

14, 860; results of experiments, 

12, 709; spraying early for, 12, 

709; summary of experiments, 

12, 711; treatment, 9, 337. 

Pear stocks, American, 11, 651; French, 

11, 646; Japan, 11, 649. 

slug, 14, 362, 381. 

trees, analyses of, 10, 1638; compo- 

sition, 10, 1683-173; nursery cel- 

lar trouble, 20, 17, 148; plant 

food constituents used by, 24, 

361; stored, injured by rapid 

thawing, 20, 145. 

Pears and apples, ‘ belted,’ 14, 544. 

effect of lime-sulphur-salt wash on, 

21, 294, 295, 300. 

fertilizers for, 14, 111. 

fertilizing materials contained in, 

14, 93. 

plant food constituents in, 24, 372, 

373. 

varieties killed by blight, 8, 340. 

tested, 3, 20, 7, 91, 98, 8, 349, 

356, 9, 346, 12, 609, 14, 

267, 15, 286. 

winter injury to, 15, 418. 

Peas, 12, 575. 

and oats as food for milch cows in 

time of drought, 15, 65. 

INDEX TO First TWENTY-FIVE REPORTS. 

Peas, canned, cause of swelling deter- 

mined, 23, 53; effect of heating, 

23, 60; fermentation in, note, 23, 

16; fermentation in, summary of 

work, 22, 25; gas formation in, 

investigation, 21, 18; swelling. 

and decomposition, study, 238, 47. 

canning, statistics, 23, 47, 48. 
classification of, 3, 238. 

crossbred, 4, 215. 

fertilization, 3, 236. 

fertilized, 2, 206, 

description of varieties, 3, 242, 6, 

330, 7, 134, 8, 318, 97) ceapeeee 

479. 

distance test, 2, 205. 

early vs. late ripening seed, 3, 231. 

fertilizer trial, 8, 236. 

fertilizers for, 14, 111. 

fertilizing materials contained in, 

14, 93. 

for forage, best varieties, 9, 357. 

from seeds in order in pod, 4. 216. 

germination of, 2, 60, 28, 358. 

index to varieties, 3, 277. 

influence of selection on earliness, 

2, 204. 

losses in canning, 23, 48. 

mulching preventive of mildew, 4, 

PA 

notes on varieties, 6, 3380, 7, 154. 

pinching terminal shoots, 4, 215. 

plant food constitvents in, 24, 374. 

planting sprouted seeds, 4, 216. 

processing to destroy bacteria, tem- 

perature, 23, 57. 

ripe vs. green seed, 3, 232. 

seed from productive and unproduc- 

tive plants, 3, 233. 

treatment for pea weevil, 2. 206. 

use of seed from good and poor 

pods, 2, 204. 

variety tests, 1, 139, 2, 196, 3, 228, 

4, 212, 5; 247, 7, 131, 8, 319, 10, 

480. 

weevil eaten, vegetation of, 3, 236. 

Pepper seeds, germination of, 2, 61. 

Peppermint, garden, plant food con- 

stituents in, 24, 375. 

wild, plant food constituents in, 24, 

375. 

Peppers, 12, 580. 

from seeds of different 

gravity, 23, 373. 

variety test, 1, 137, 2, 192, 3, 221, 

4, 204, 5. 244. 

Pepsin, commercial, action on paracasein 

dilactate, 22, 202. 

use in cheese ripening, 22, 200. 

digestion and natural digestion, 5, 
348. 

method of artificial 

340. 

specific 

digestion, 4, 
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Peptones in cheese, determination, 21, 

202. 

in milk, determination, 21, 215. 

value of reagents in separating from 

amido-acid compounds, 21, 210. 

Percolation, influence of atmospheric 

pressure on, 6, 102. 

of soil water, 4, 321, 9, 391. 

Periodical cicada. (See Cicada, periodi- 

cal.) 

Periodicals received at Station, 7, 48, 8, 

49, 9, 119, 10, 15, 12, 204, 14, 239, 

Sb 602. 16, 26, 27,. 38; 18, 25, 19, 

461, 20, 403, 21, 441, 22, 449, <a, 

429, 24, 379, 25, 455. 

Permanency of alfalfa, 16, 559. 
Pernicious scale (see San José scale). 

Peronospora gangliformis (see Lettuce 

mildew). 

viticola (see Grape downy mildew). 

Peru, potato spraying experiment at, 24, 

126. 

Peruvian guano, 14, 71. 

Petrie, H., cheeses made by, 22, 223. 

Petroleum, crude (see Crude petroleum). 

Pettit, P. H., potato spraying experi- 

ment, 24, 117. 

Phalaris arundinacea (see Reed canary 

grass), 

Phenolphthalein, as an 

liability, 25, 18, 285. 

Phenyle, Little’s soluble, as insecticide, 

Doe. 

Phleum pratense (see Timothy). 

Phoma causing raspberry cane blight, 

18, 214. 

on snapdragon, 19, 66. 

Phorbia, notes on, 18, 461. 

Phorodon humuli on plums, 16, 485. 

Phosphate of lime, insoluble, 14, 65; re- 

verted, 14, 66. 
Phosphates, chemical differences of, 14, 

67. 

Phosphatie guanos, phosphoric acid in, 

14, 69. 2 

Phosphorie acid, abundance of, when in- 

dicated by crops, 14, 85; amount ap- 

plied and removed by two crops of 

potatoes, 15, 115, 116; available, 
meaning of, in analysis of fertilizers, 

10, 406; commercial names for, in 

fertilizers, 15, 212; fertilizing mate 

vials containing, 14, 65, 71; fixation 

py soil, 4, 351; from phosphate rock, 

solubility in soil, 4, 352; in apatite, 

14, 71; in bone-ash, 14, 68, 71; in 

bone-black, 14, 68, 71; in bones, 14, 

68, 71; in Caribbean guano, 14, 71, 

in castor-bean pomace, 14, 63; In 

commercial materials, 10, 417; in 

cottonseed-meal, 14, 62; in Cuba 

guano, 14, 71; in fertilizers, 16, 32, 

indicator, re- 
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Phosphoric acid — Continued. 

1386; .in Florida rock, 14, 71; in 

Florida soft phosphate, 14, 71; in 

hoof-meal, 14, 638; in horn-dust, 14, 

63; in Keystone concentrated phos- 

phate, 14, 71; in Mona Island guano, 

14, 71; in Navassa phosphate, 14, 71; 

{n Orchilla guano, 14, 71; in phos- 

phatic guanos, 14, 69, 71; in rock 

phosphates, 14, v9, 71; in soil, 14, 

57; in South Carolina rock, 14, 71; 

in sugar beets, 16, 195; in superphos- 

phates, 14, 69, 71; in Thomas slag, 

14, 70, 71; in wood-ashes, 14, 73; 

insoluble, defined, 10, 406; loss from 

soil, 14, 57; meaning of, in analysis 

of fertilizers, 10, 405; movement in 
soil, 4, 849; provisions of fertilizer 

law in reference to, 15, 133; total, 

detined, 10, 406; used by apple trees, 

24, 358; used by frut trees, 24, 360; 

used by pear trees, 24, 362; used by 

plum: trees, 24, 363; used by quince 

trees, 24, 365. 

Phosphorus, action in plants, 14, 53. 

Phosphorus compound in wheat bran, 

composition, 23, 116; isolation, 23, 

125 nature; 23; 5194114: 

Phosphorus compounds, effects on milch 

cows, 25, 56. 

similar to that in wheat bran, 

23, 116. 

description, etc., 14, 44. 

in feeds, experiments with, 25, 14. 

in germinated grains, 22, 286. 

metabolism, review of, 25, 56. 

methods of determination, 22, 275. 

relation to fertilizers, 14, 50. 

separation of organic and inorganic, 

22, 277. 
status in food materials, 22, 29, 

274. 

Phosphotungstic acid-sulphurie acid 

method for peptones, 21, 203. 

Phyllachora pomigena, notes on, 18, 

405. 

Phyllocoptes schlechtendali, 

of, 25, 330. 

Phyllosticta api. 

ticta.) 

limitata, description of, 14, 546. 

in apple orchards, 15, 454. 

notes, 18, 400, 20, 129. 

pirinad and saprophytic species of 

Phyllosticta, comparison, 21, 71. 

species on apple, 21, 70. 

sphaeropsoidea on horse chestnut, 

description 

(See Celery phyllos- 

15, 457. 

(See also Apple leaf spot and Leaf 

spot.) 

Physalospora bidwellii. (See Black rot 

of grape.) 
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Physiological effect of 

compounds on milch cows, 25, 56. 

processes, activity of, 11, 162. 

Phytin, discovery of, 25, 60. 

use of, in experiment, 25, 64. 

Phytonomus punctatus, figure, 4, 286. 

‘See Clover leaf weevil.) 

Phytoptus pyri, notes on, 18, 446. 

Phytophthora infestans on potatoes, 15, 

497, 22, 158, 24, 97. 

‘See Potato blight.) 

Pickle industry in Long Island, 16, 13, 

Pickles, cucumber, profit in gro6wing, 17, 

86. 

yield, 16, 431. 

Pie plant, composition, 6, 427. 

Pieris .rapae (see Cabbage caterpillar 

and Cabbage worm). ; 

Pig feeding, 12, 219, 14, 475. 

bulletin, contents of, 10, 11. 

manure, 14, 75, 82. 

weed, composition of, 1, 17. 

Piggery, construction, 8, 25, 65.: 

Pigs, Berkshire, details of experiment 

with, 14, 482. 

breeds used in experiments, 11, 286, 

14, 475. 

corn and corn meal for, 12, 235. 

cost of food fed, 14, 475. 

gain in weight of, 14, 477. 

feeding different breeds, 12, 224. 

experiments with, 11, 2838-286. 

Poland China, details of experiment 

with, 14, 479, 484. 

proportionate cost of growth made 

by three breeds, 11, 287. 

silage for, 15, 648. 

Tamworth, details of experiment 

with, 14, 478, 485, 491. 

Duroc cross. details of experi- 

ment with, 14, 480, 488, 493. 

Poland China cross, details of 

experiment with, 14, 481, 

487. 

Yorkshire, details of experiment 

with, 14, 486, 492. 

Pimpla annulipes, enemy of tent-cater- 

jer b Recs 08 Pre Sere 

conquisitor, enemy of 

Dillan els 530 (. 

pedalis, enemy of tent-caterpillar, 

ri BW eth 

Pine, occurrence of currant rust fungus 

on, 25, 190. 

Pink rot, decay similar to, 22, 109. 

(See Apple rot, new.) 

Pistol-cease bearer, 15, 545; and cigar- 

case-bearer, resemblance, 15, 547; 

bibliography, 15, 556; distribution by 

nursery stock, 15, 553; food plants, 

15, 552; history, name and appear- 

tent-cater- 

phosphorus 
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Pistol-case bearer — Continued. 

ance, 15, 546; life history, distribu- 

tion and natural enemies, 15, 548; 

notes on, 16, 461, 18, 409; on nursery 

stock, 16, 461; remedial measures, 15, 

558. 

Piston, packing, 22, 370. 

Plan of Station property, 8, 53. 

Plant culture, applicability of shading, 

23, 246, 

diseases, caused by Rhizoctonia, 19, 

97; nature, 16, 232; notes on, 

15, 26, 451, 18, 168; treatment 

of, 14, 345 

(‘See under particular diseases.) 

food, amount in soil, 14, 57; avail- 

ability of different forms, 14, 86; 

available, 14, 48; constituents in 

fruits, vegetables, ete., 24, 371; 

constituents per acre of fruit 

trees, 24, 368; constituents, pro- 

portions in parts of tree, 24, 

367; constituents used by fruit 

trees, 24, 355; cost in acid phos- 

phate, 22, 3897; cost 'n hone 

meal, 2%, 398; cost in different 

grades of fertilizer, 22, 895; cost 

in mixed feftilizers, 16, 34; cost 

to consumers, in different mate- 

rials, 15, 210; economy in pur- 

chasing different forms of, 14, 

89; elements, trade-values of, 16, 

85, 17, 97, 280, 18, 224,235, 21, 

410; for sugar beets, sourcés, 16, 

196; forms of, essential to fer- 

tillzers, 14, 59; forms to buy, 14; 

86; in fertilizers, cost, 17, 100, 

282; in soil, how determined, 14, 

91; loss from soil, 14, 57; pur- 

chase, 17, 100, 102, 22, 400; re- 

quired by alfalfa, 16, 556; re- 

quired by sugar beets, 16, 194; 

utilization by potatoes, 16, 616. 

growth, odors from, in milk, 19, 31. 

soda and potash in, 19, 231. 

lice, 14, 602; attacking currants, 

16, 485; classification, 16, 471; 

descriptions, enemies and _ treat- 

ment, 16, 470; descriptions of 

species, 16, 482, 485; dipping 

nursery stock infested with, 16, 

20, 463; experiments against, 16, 

476; insecticides used in combat- 

ing, 16, 473; investigations and 

experiments, 16, 21; life history, 

16, 472; natural enemies, 16, 

478; nature of injury by, 16, 472; 

on nursery stock, 16, 458; para- 

sitic insects affecting, 16, 480; 

predaceous insects attacking, 16, 

478; recommendations for repres- 
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Plant lice — Continued. 

sion, 16, 477; repression, 16, 477; 
species prevalent in 1897, 16, 

482. 

nutrition, lines of work in, 15, 20, 

16, 15. 

Pathology, Department, work in, 16, 

18. 
protector, tests of, 8, 336. 

Plantains, composition, 7, 244. 

Planting and harvesting sugar beets, 16, 

198, 589. 

gooseberries, 15, 336, 337. 

Plants and soils, relations of, 14, 58; 

constituents of, 14, 37; ele- 

mentary .composition of, 14, 37; 

forms of nitrogen useful to, 14, 

43; preference shown by, for dif- 

ferent forms of food, 14, 89; re- 

lation of elements to fertilizers, 

14, 49. 

effect of shading, 23, 246. 

vigor as related to specific gravity 

of seeds, 28, 365. 

Plasmopara cubensis, 16, 345; damage, 

7; 69: nature, 16, 352; new 

host, 16, 433. 

(See also Cucumber downy mildew.) 

niticola. (See Grape downy mil- 

dew.) 

Platanus occidentalis, disease of, 15, 

457. 

Plats, comparison, with corn, 6, 30. 

comparison, with potatoes, 6, 26. 

experimental, variation, 2, 17. 

experimentation, unreliability, 6, 

26, 34. 

experiments, variation in duplicates, 

cee Tae 

tests, comparison of duplicates, 4, 

47-58. 

variation in, 7, 354. 

Platygaster parasitic on pear midge, 15, 

618. ' ry 

Plowing under green rye to prevent 

potato scab, 16, 18, 418. 

Plowrightia morbosa, notes on, 18, 452. 

(See also. Black knot.) ’ 
Plum, 10, 493. 

black-knot, observations on life his- 

tory, 12, 686. 

treatment, 9, 339. 

buds, effect of hydrocyanic acid gas 

on, 20, 279. 

curculio, remedy for, 14, 365. 

notes on, 8, 360, 14, 365, 18, 

454, 

diseases in the Hudson Valley, 18, 

211; notes on black, knot, 

18, 452; fruit rot, 18, 453; 

leaf-spot, 18, 454; yellows, 
18, 454. 
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Plum diseases, prevalence, 19, 200. 

fruit-rot of, 14, 364. 

insects, notes on curculio, 18, 454; 

green fruit worms, 18, 456; plant 

lice, 18, 456; remedies, 9, 345. 

leaf blight, 11, 659, 14, 365; blight, 

Marianna stocks, 11, 661; blight, 

Myrobolan stocks, 11, 660; dis- 

eases, potassium sulphide for, 6 

350; fungus, figures, 6, 348; fun- 

gus, notes on, 5, (276;..6,% 347° 

spot, 15, 384; spot, appearance, 

15, 389; spot, best time for treat- 

ment, 15, 3894; spot, bordeaux 

mixture for, 15, 384, 886; spot, 

eau celeste for, 15, 385; spot, ex- 

periments in treating, 15, 388- 

391, 396; spot, injurious effects 

15, 390; spot, injury by, 16, 210; 
spot, nature, 15, 388; spot, num- 

ber of sprayings required, 16, 

208; spot, prevalence, 16, 208; 

spot, results of treatment, 15, 

26; spot, treatment recommended, 

15, 386, 398, 16, 15, 207, 211. 

Lecanium, New York, 14, 574. 

nursery stock, preventing leaf 

blight, 12, 688. 

plant lice attacking, 16, 482. 

seale, 14, 575; classification and 

name, 14, 575; distribution of, 

14, 576; food-plants of, 14, 580; 

history, 14, 577; injury from, 

14, 582; life history of, 14, 582; 

natural enemies of, 14, 587; on 

nursery stock, 14, 581; reme 

dies for, 14, 590; spread of, 14, 

58]. 

stocks, Marianna, 

bolan, 11, 660. 

trees, analyses of, 10, 163: compo 

sition, 10, 163-1783; injury by un- 

known insects, 7, 229; plant food 

constituents used by, 24, 363. 

Plumb, C. S., appointment, 38, 11; As. 

sistant, 3, 3; reports as First Assist- 

ant, 4, 112, 5, 72, 6, 58; resignation, 

6, VII. 

Plums, amount of injury from leaf spot, . 

16, 210. 

and cherries, rotting, 4, 280. 

curculio on, 8, 360, 14, 365. 

effect of fali spraying on, 23, 215, 

2A S: 

lime-sulphur-salt wash on, 24, 

289, 292. 

fertilizers for, 14, 111. 

fertilizing materials contained in, 

14, 93. 

notes on, 15, 290. . 

plant food constituents in, 24, 373. 

thinning, 15, 379. 

11, 661; Myro 
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Plums, varieties tested, 3, 21, 7, 92, 99, 

8, 351, 356, 9, 347, 12, 611, 15, 

291. 

winter injury to, 15, 424. 

yield increased by spraying, 15, 

399. 

Plusia brassicae (see Cabbage looper). 

Plymouth Rock fowls for capons, 11, 

237, 244, 245, 247, 249. 

Poa aquatica, notes on, 2, 147. 

nemoralis. (See Wood meadow 

grass.) 

pratensis. (See Kentucky blue 

grass.) 

serotina. (See Meadow grass, 

fowl.) 

trivialis. (See Meadow grass, rough- 

stalked.) 

Podosphaera oayacanthae.. (See Pow- 

dery mildew.) 

tridactyla. (See Quince leaf 

mildew.) 

Poecilocapsus lineatus. (See Four lined 

leaf-bug.) 

Poison, use in bordeaux mixture on 

potatoes, 22, 159. 

Poisoning, ice cream, 6, 466. 

Poisons or repellants for 

leaf-beetle, 17, 333. 

Poland China pigs, details of experi- 

ment with, 14, 479, 484, 490. 

Pollen, amount, relation to self-fertility 

of grape, 21, 391. 

effect of rainfall upon, 11, 607; 

of spray mixtures on, 19, 374; 

on fruit-of strawberries, 4, 255. 

Pollen, foreign, influence on fruit, 5, 
174. 

grape, form indicates potency of, 

21, 395; growth in cultures, 21, 

393;  miscroscopic examination 

of, 21, 395; study of, 21, 390; 

summary of studies, 21, 22. 
Pollination experiments with Duchess 

grape, 11, 610; Mount Vernon 

pear tree, 11, 608; grapes, 18, 

363. 

hand, of grape blossoms, 21, 368. 

of grapes, method, 18, 364; self- 

sterile grapes, potency, 21, 366, 

$72, .. 3876," “877s “strawberries, 

effect of shading, 23, 240. 

Polyporus sulphureus on cherry, 18, 

198. 

Pomaceous fruits, 14, 251. 

Pomological districts of New York, 25, 

353. 

Pomologist, Acting, reports of, 8, 337, 

9, 309. . 
Pomona spray pump, 

219. 

cottonwood 

description, 16, 
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Pond, ice, 12, 6. 

Popcorn, 12, 562. 

Popular bulletins, character, 16, 11. 

Porter, Nelson W., potato spraying ex- 

periment, 24, 124. 

Pot majoram, plant food constituents in, 

24, 375. 

Potash, abundance of, when indicated 

by crops, 14, 85. 

amount applied and removed by 

two crops of potatoes, 15, 115, 

116. 

and soda in plant growth, 19, 231. 

magnesia, sulphate of, 14, 73. 

availability of carbonate of, 14, 87; 

muriate of, 14, 87; sulphate of, 

14, 87. 

caustic, for oat smut, 5, 128. 

composition, etc., 14, 46. 

compounds in fertilizing materials, 

14, 72, 74; carnallite, 14, 72, 

74; castor-bean pomace, 14, 63; 

cottonseen-hull ashes, 14, 72, 74; 

cottonseed-meal, 14, 62; green- 

sand marl, 14, 72; kainit, 14, 

12, T4&; krugite, “14, ¥i2)274- 

leached ashes, 14, 73, 74; mu- 

riate of potash, 14, 72, 74; soil, 

14, 57; tobacco stems, 14, 73, 

74; wood ashes, 14, 73, 74. 

cost in muriate, 22, 399. 

for lettuce forcing, 17, 486. 

in fertilizers, 16, 32, 137. 

in fertilizers, defined, 10, 407; in- 

fluence on potatoes, 17, 428. 

in sugar beets, 16,°195. 

loss from soil, 14, 57. 

muriate of, 14, 72. 

necessary amount for potatoes, 19, 

PePAT be 

nitrate of, 14, 78. 

(See Nitrate of potash.) 

provisions of fertilizer law in refer- 

ence to, 15, 133. 

salts, influence upon composition of 

potato, 16, 611. 

sulphate of, 14, 73. 

sulphur wash, formula, 21, 344. 

used by apple trees, 24, 358; fruit 

trees, 24, 360; pear trees, 24, 

3862; plum trees, 24, 863; quince 

trees, 24, 365; valuation of, 14, 

136. 

Potassium, action in plants, 14, 54. 

cyanide, strength for fumigation, 

19, 329; treating nursery stock, 

19, 338, 339. 

description, etc., 14, 46. 

ferrocyanide test, 12, 692, 705, 14, - 

885, 16, 228. 
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Potassium, relation to fertilizers, 14, Potato scab — Continued. 

a he 11, 566; figures, 6, 345, 346; 

sulphide as a fungicide, 6, 348; as 

an insecticide, 7, 146; for apple 

scab, 7, 154; for carnation rust, 

15, 469; for gooseberry mildew, 

Z, 153; 8, 334, 16, 308, 313, 18, 

324, 327; for oat smut, 16, 296, 

300, 3802; for potato scab, 7, 

224; formula for use as fungi- 

cide, 15, 468; injurious effect 

on spraying pumps, 15, 487; 

soaking carnation cuttings in, 15, 

478; solution, 14, 386, 22, 333; 

spore germination in, 15, 472. 

Potato beetle, 14, 378; experiments on, 

4, 250; insecticides for, 6, 97, 

7, 228; test of spraying mixtures 

for, 15, 609; treatment of, 2, 

220. 

blight, 11, 696, 14, 376; caused by 

Phytophthora infestans, 24, 97; 

checked by spraying, 21, 87; 

early, notes, 15, 498; early, pre- 

vention by bordeaux mixture, 16, 

878; late, due to Phytophthora 

infestans, 22, 157, 158; late, pre- 

vention by bordeaux mixture, 16, 

377; nature of, 22, 157; pre- 
vention of, 10, 457, 11, 696, 15, 

28; remedies, 14, 377; resistant 

varieties, 24, 191; spraying with 

fungicides for, 10, 485. 

composition, influence of potash 

salts, 16, 611. 

crop condition in 1902, 21, 97. 

in New York, condition in 

1908, 22, 156. 

diseases, notes on, 15, 496. 

experiments with, 1, 55, 2, 117, 4, 

Be vad, 0, 16, 8, 223 9, 872, 

14, 26. 

fertilizer experiments, location, 25; 

13. 

flea beetle, 14, 378. 

experiments with, 14, 596. 

foliage, burning by arsenites, 24, 

198. 

effect of spraying, 21, 86. 

industry in Long Island, 16, 13. 

pinching terminal shots, 4, 238. 

plant, effect of shade on, 3, 77. 

Rhizoctonia on, 19, 110. 

rot, effect of spraying on, 25, 183; 

resistance of varieties, 4, 239. 

scab. and color of skin of tuber, 6, 

811; comparison of fungicides, 

11, 567; effect of fertilizers on, 

7, 224; effect of moisture, 6, 

308; experiments at Peruville, 

11, 561; experiments in treating, 

from scabby or smooth seed, 6, 

814; fungicides for, 6, 312; in- 

fected soil, 11, 561; influence of 

soil, 6, 308; manner of applying 

fungicides, 11, 564; nature of, 

11, 565, 15, 497; notes on, 6, 

344, 14, 377; plowing under 

green rye to prevent, 18, 18, 

418; preventive measures for, 

11, 563; preventives, test of, 7, 

224; relation of insects to, 7, 

226; seed soaked before planting, 

11, 568; soil and seed sprayed 

at planting time, 11, 568; study 

of, 6, 807; value of corrosive 

sublimate treatment, 16, 420. 

seed tuber, absorption in growth, 

4, 235, 5, 154, 7, 170. 

single eye for seed, 2, 218. 

skins, use for seed, 1, 69. 

sprayer, kind to use, 24, 189. 

spraying, 10, 487, 15, 28, 498, 16, 

376; as crop insurance, 22, 151; 

business experiments, 22, 133, 

24, 105, 25, 130; cost, 15, 503; 

directions for, 24, 193, 25, 186; 

experiments, 16, 879, 380, 390, 

21, 18, 77, 22, 26, 117, 119, 24, 

89; 92, °142,025) “17; °119;5 130, 

161; experiments, co-operative, 

22, 133; experiments, location, 

25, 13; experiments, volunteer, 

24, 143, 176, 25, 163; number 
of applications, 24, 187; prog- 

ress of, 24, 185. 

stem blight, 15, 509; not com- 

municated, 16, 18, 421. 

sprouts, use for seed, 1, 69. 

test of varieties, 1, 62, 71, 2, 211, 

3, 298, 4, 222, 228, 231, 5, 140, 

fe. 1585083) 82159 9) 22935) 1075483: 

troubles in New York in 1904, 24, 

183; in 1905, 25, 182. 

wild, notes on, 4, 244. 

Potatoes, advantages from spraying, 21, 

102. 

analyses of, 10, 40. 

blight proof variety, 24, 191. 

blighted, time to dig, 24, 192. 

butt vs. seed end eyes for seed, 2, 

123, 3; 68, 4, 62. 
causes of failure in spraying, 22, 

152. 
changing seed, 9, 3838. 

character and composition as af- 

fected by spraying, 24, 104. 

color of skin, relation to scab, 86, 
811. 

commercial fertilizers for, 14, 25, 

16, 596, 17, 37, 415, 19, 213. 
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Potatoes, comparative productiveness of 

tubers, 8, 238. 

yields, 10, 483. 

comparison of fungicides and in- 

secticides, 16, 393. 

of plats, 6, 27. 
composition affected by spraying, 

21, 94. 

cooking quality affected by spray- 

ing, 24, 105. 

cost of spraying, 11, 699. 

cross-fertilization of seed, 5, 148. 

culture tests, 1, 67. 

cutting seed, 1, 65, 2, 121, 128, 4, 

60, 5, 149. 
cuttings vs. whole tubers, 6, 86, 7, 

162; 

dates of spraying, 21, 84. 

depth of planting, 1, 638. 

description of varieties, 10, 480. 
different amounts of seed, 9, 375. 

directions for spraying, 16, 400, 

21, 104, 22, 161. 

distance of planting, 1, 63, 2, 125, 

3, 73. 

dominant fertilizer element, 8, 247, 

9, 379. 

drying cuttings before planting, 5, 

151, «3ST. 

early vs. late planting, 2, 122. 

economy in using fertilizers, 15, 

107. 
effect of cutting seed tubers, 5, 

149; early treatment of seed 

tuber, 7, 167; mulching, 3, 74; 

quantity of fertilizer on yield and 

profit, 17, 426; spraying with 

cold water, 25, 180. 

experimental, details of culture, 21, 

82, 22, 119. 

expense of spraying, 16, 383. 

eyes variously cut for seed, 2, 121. 

fertilizer above and below seed, 7, 

168355," 258: 

experiments with, 8, 247, 14, 

25, 6°516,2596, 219.0 417,47 19, 

213; 15, 107; formulae for, 

16;, 600; test, -2, 125544. 65; 

for, 14, 111. 

fertilizing materials in, 14, 93, 16, 

599. 
form of seed and form of crop, 5, 

152. 

hill vs. drills, 8, 234. 
increased yield from spraying, 15, 

499, 501. 

influence of mulching, 1, 68, 2, 

125. 

insecticidal value of bordeaux on, 

25, 176. 

internal browning of, 15, 504. 

kind of fertilizers for, 19, 226. 

Potatoes, large vs. small amounts of 

bordeaux mixture for, 16, 397. 

vs. small tubers for seed, 4, 

227; 5) b4>1\S 22863 

level culture vs. hill culture, 5, 53. 

lime not preventive of cellar rot, 

3; 305; 

method of applying fertilizer, 2, 

Ae 

cutting seed, 1, 65, 2, 121, 

128, 4, 60, 5, 149. 

mowing and rolling tops, 5, 55. 

mulching, 1, 68, 2, 125. 

necessary amount of potash for, 

199227. 

nitrogen applied and removed by 

two crops, 15, 113, 114. 

number of applications of bordeaux 

mixture required, 16, 395. 

partial composition, 16, 607. 

period of growth of tubers, 5, 153. 

phosphoric acid applied and re- 

moved by two crops, 15, 115, 116. 

pimply, 15, 5138; cause of, 15, 29; 

caused by cucumber  flea-beetle, 

15, 5138; notes on, 15, 511. 

portion for seed, 4, 62. 

proportion marketable with differ- 

ent amounts of fertilizers, 15, 

110. 

quantity of bordeaux mixture re- 

quired, 16, 384. 

fertilizer, 16, 598, 19, 224. 

relation of plant food as applied and 

removed by two crops, 15, 112; 

of yield to cost of fertilizer used, 

15, 111; of yield to fertilizer, 

16, 609. 

removing seed end of tuber, 7, 168, 

8, 236. 

ridging vs. common cultivation, 9, 

386. 

scabby vs. smooth seed, 6, 314, 7, 

eke 

seed end pieces vs. stem end pieces, 

1, 69. 

from productive and wunpro- 

ductive hills, 3, 301, 4, 232, 
5, 148, 6, 82. 

pieces of different character, 

3, 70. ; 

single eyes for seed, 2, 118. 

size of seed, 4, 61; of seed pieces, 

iG: 

smooth vs. scabby seed, 6, 234, 7, 

227s 

sprouted vs. unsprouted tubers, 7, 

165. 

stem blight of, 15, 509. 

strength of bordeaux mixture re- 

quired, 16, 394. 

surface and deep planting, 8, 245. 
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Potatoes, sweet, test of varieties, 8, 
325, 9, 296. 

testing single eyes, 8, 241. 
thickness of planting, 4, 63. 

Poultry, amount of food consumed by, 

9, 128. 

animal food for, 17, 36, 45, 18, 75. 

protein for, note, 23, 16, 31. 

breeding experiment, 9, 140. 

breeds used in experiments, 14, 

494. 

bulletins, contents of, 10, 12. 

composition of carcass, 9, 133. 

ecaponizing, 9, 140. 

culture, lines of work in, 15, 22. 
experiments, 7, 59, 8, 56, 9, 100, 

122, 10, 182, 12, 214. 

fattening, 8, 62. 

feed and egg production, 8, 58. 

feeding, animal food in, 17, 45; 

concentrated by-products in, 24, 

27; experiment, details of, 10, 

182, 14, 494-511, 15, 32; for 

table use, 9, 1386; experiments, 

note on, 23, 16 (see also Duck- 

lings) ; experiments with, 11, 

236. 

foods, analyses, 21, 429. 

composition, 17, 49, 18, 79. 

house, construction, 8, 25. 

new, 16, 9, 17, 19. 

industry, statistics of, 7, 38. 

investigations, notes on, 9, 62. 

large and small breeds on similar 

rations, 9, 124. 

manure from, 8, 61, 14, 75. 

necessity of ash elements for, 8, 64. 

nitrogenous and carbonaceous ra- 

tions compared, 8, 56; rations, 

test, 9, 122. 

notes, 14, 494. 

rations containing animal meal, 18, 

S07 82, 84,86, 88, 93, 98, 

£00,108, 2.10771412, 415 °118, 

vegetable food only, 18, 81, 83, 

85, 87, 89, 94, 99, 101, 111, 

a13,52165 119) 

fed, 17, 48. 

results of experiments 

512-516. 

silage for, 15, 648. 

utility of corn and corn meal for, 

9, 122. . 

valuations of foods for, 17, 48. 

Powder guns, description and use, 16, 

Papen 
Powdery mildew, apple, 14, 379, 19, 

178; apple, fungicides for, 10, 179; 

cherry, occurrence, 18, 197; currant, 

19, 188; gooseberry, 18, 427, 19, 188; 

gooseberry, occurrence, 18, 203; 

grape, 14, 357; grape, description, 9, 

with, 14, 
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Powdery mildew — Continued. 

322; on field grown cucumbers, 18, 

174; quince, 19, 205; raspberry, 19, 

208. 

Powell, George T., bulletin by, 11, 9. 

Power plant, extension needed, 21, 12. 

spraying machine, 16, 2238. 

Precipitation, records, ¥7, 371, 8, 379, 

380, 9, 447, 448, 10, 499, 11, 702. 

22°719,, 26,9711,016,, 619, 27) 569, 

18, 469, 19, 470, 20, 410, 21, 451, 

22, 456, 23, 441, 24, 385, 25, 470. 

Predaceous insects attacking forest tent- 

caterpillar, 18, 308; plant lice, 16, 

478. 

Preservation and care of farm-manures, 

8, 23, 14, 80. 

of silo, 15, 654. 

Preservatives in canning, 23, 49, 50. 
Preserving eggs, 10, 201. 

eress reviews, use, 16, 11. 

Pressing edam cheese, 12, 247. 

couda cheese, 12, 265. 

Prevention of Bermuda lily disease, 14, 

524. 
Price and valution of fertilizers, 21, 

411. 

Prices of farm products, 8, 34. 

of feeding stuffs, 21, 4380. 

Prickly comfrey, 10, 492; as a forage 

plant, 6, 72; composition, 6, 421; 

for swine, 9, 148; notes on, 7, 332; 

plant food constituents in, 24, 375; 

yield, 8, 221. 

Prickly pear 

420. 

Pristiphora grossularie, notes on, 18, 

426. 

Processing peas, temperature, 22, 79. 

cactus, composition, 6, 

to destroy bacteria, temperature, 

23, 57. 

Production of apples, effect of thinning, 

22,313: 

milk, relation of protein exchange 

to, 20, 49. 

Productiveness of gooseberries, 15, 304. 

of wheat varieties, 6, 58. 

Products in cheese ripening, transient 

and cumulative, 22, 262. 

of New York, agricultural, 10, 3. 

Profit and loss in growing sugar beets, 

16, 203, 17, 440. 

from spraying potatoes, 21, 96. 

Profitableness of thinning apples, 22, 

318: 

Profits of sugar beets, 16, 203, 17, 440. 

Propagation and selection of raspberry 

and blackberry plants, 25, 446. 

of currants, 14, 294, 296. 

of gooseberries, 15, 3381. 

Proteids, absorption of acids by, 25, 

274. 
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Proteids, determination in cheese, 21, 

201. 
of butter, relation to mottles, 24, 

272, 278, 291. 

Protein, animal, for poultry, 23, 16, 31. 

as source of milk fat, 16, 518. 

balance in milch cow, 16, 514. 

effect of changes on milk flow, 20, 

64, 97. 

exchange, relation to milk produc- 

tion, 20, 49. ; 

stimulus on milk production, 16, 

Bio: 

supply and secretion of milk solids, 

relation, 16, 520. 

Proteolysis and carbon dioxide in cheese 

ripening, 22, 165. 

Proteolytic compounds in cheese and 

milk, estimation, 21, 194, 196, 

23. 

end products in chloroform cheese, 

22, 175; normal cheese, 22, 171. 

products, effect on cheese ripening, 

22, 263. 

Prucha, Martin J., appointment as As- 

sistant Bacteriologist, 22, 10; Assist- 

ant Bacteriologist, 22, VII; bulletins 

by, 23, 62, 24, 45, 25, 109. 

Pruning currants, 14, 299. 

gooseberries, 15, 337. 

raspberries and blackberries, 25, 

447, 

root, influence on root growth, 5, 

162. 

summer, of gooseberries, 15, 339. 

Prunus armeniaca, 14, 269, 270. 

Pscudomonas campestris, cause of cab- 

bage rot, 23, 62. 

radicicola, dessication on cotton, 

24, 82. 

Pseudonuclein. (See Paranuclein.) 

Psylla, pear, 14, 361; effect of sulphur 
washes on, 24, 818; notes and 

remedies, 23, 223; remedy for, 

14, 362. 

pyricola, notes on, 18, 448. 

Ptomaines in corn meal, 5, 339. 

Publications on fruit, plan for, 25, 11. 

Station notes on, 16, 10, 17, 22, 

18, 12, 24, 13, 25, 23. 

preparation of, 15, 14. 

Public sprayer, 24, 192. 

Puccinia. asparagi. (See 

rust. ) 

helianthi on sunflowers, 15, 456. 

malvacearum. (See Hollyhock dis- 

Asparagus 

ease. ) 

peckiana.. (See Orange rust.) 

suaveolens on Canada thistle, 3, 

385. 

Puff balls, composition, 6, 427, 465. 
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Pullets, nitrogenous and carbonaceous 

rations for, 8, 56. 

Pump, hot-air, 12, 6. 

Pumpkin, classification, 6, 243. 

description of varieties, 6, 245. 

index to varieties, 6, 268. 

notes on varieties, 6, 324. 

variety tests, 4, 221, 5, 241. 

Pumpkins, fertilizers for, 14, 111. 

Pumps, double acting, 22, 347. 

for bordeaux mixture, 12, 708. 

single acting, 22, 346. 

spray, description, 22, 345. 

two cylinder, 22, 347. 

Purchase of fertilizers, 14, 115. 

plant food, 17, 100, 102. 

Purchasing high-grade materials, 

vantage of, 14, 117. 

Pure materials, importance in spraying, 
10, 401. 

Purity, coefficient of, 16, 199. 

of solids in sugar beets, 16, 188, 

198. 

Purpose of Station, 1, 10. 

Purslane as a vegetable, 4, 220. 

Putrescine. (See Tetramethylenedia- 

mine.) 

Pyrethrum as an insecticide, 22, 342. 

home-grown, experiment with, 7, 

151. 

for plant lice, 16, 476. 

ad- 

Quality of apples, loss in storage, 23, 

271; cheese, improved by cold 

storage, 22, 231; milk, relation 

of food to, 16, 521; onions as 

affected by fertilizers, 20, 243; 

fertilizer for potatoes, 19, 224; 

sugar beet seed, 16, 194. 

Quicklime as indirect fertilizer, 14, 60. 

Quince blight, notes on, 3, 371, 14, 366. 

borer, 14, 367. ; 

curculio, notes on, 6, 315, 14, 368, 

18, 458. 
remedy for, 14, 368. 

diseases in the Hudson Valley, 18, 
212; notes on, 3, 871; notes 

on. black -rot of thevetnuity 

18, 456; blight, 18, 456; 

canker of the tree, 18, 456; 

fruit spot, 18, 456; leaf 

: blight, 18, 456; rust, 18, 
; 457. 

prevalence of, 19, 212. 

fruit-spot of, 14, 367. 

remedy for, 14, 367. 

fruit spotting, study of, 4, 275. 

insects, notes on borers, 18, 458; 

eodling moth, 18, 458; eurculio, 

18, 458. 
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Quince leaf blight, 11, 652; Angers 

quince stocks, 11, 652; brown- 

ness, notes on, 3, 371, mildew, 

notes on, 8, 371. 

mealy bug, 19, 277. 

rot, notes on, 3, 372. 

rust, 14, 367. 

spotted with Morthiera, figure, 4, 

276. 

stocks, 11, 652. 

trees, analyses of, 10, 163; com. 

position, 10, 163-173; injury by 

unknown insects, 7, 229; plant 

food constituents used by, 24, 

364. 

Quinces, fertilizers for, 14, 111. 

plant food constituents in, 24, 373. 

varieties tested, 3, 22, 7, 94, 100, 8, 

852, 857, 12, 611, 14, 268, 16, 

287. 

winter injury to, 15, 421. 

Rabbits, injury to trees, 21, 401. 

Radish, classification of varieties, 6, 

147. 

description of varieties, 6, 147. 
experiments with seed, 3, 196. 

fertilizers for, 14, 112. 

index to varieties, 6, 163. 

maggot, attempt to combat, 3, 196; 

experiments on, 4, 250; treatment 

of, 3, 316. 

Rhizoctonia on, 19, 114. 

root system, 3, 310. 

season of varieties, 6, 162. 

seed germination of, 2, 61. 

variety tests, 2, 181, 3, 194, 4, 140, 

5, 235. 

winter, notes on varieties, 1, 123. 

Radishes, 12, 583. 

plant food constituents in, 24, 374. 

Rag weed, composition, 6, 427. 

Rainfall and drainage, 6, 896. 

effect on foliage of grape, 11, 610; 

fruit of grape, 11, 611; pear 

flowers, 11, 608; pollination, 11, 

607; pear foliage, 11, 609. 

for growth of sugar beets, 16, 193. 

record. ‘See Precipitation records.) 

Rambo group of apples, 25, 346. 

Ramsey, Henry J., Student Assistant in 

botany, 24, VII. ~ 

Ramularta oylindriopsis, notes on, 14, 

534, 15, 459. 

Ransom, F. P., potato spraying experi- 

ment, 24, 145. 

Rape, Dwarf Essex, as a cover crop for 

orchards, 15, 4438. 

Raspberries affected by late freeze, i1, 

693. 
American red: Desirable kinds, 25, 

418; earliness, notes on, 25, 
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Raspberries — Continued. 

418; hardiness, notes on, 25, 

417; varieties, notes on, 25, 417. 

black, 12, 635; cultural directions, 
25, 445; desirable kinds, 25, 

429; earliness, 25, 429; early, 

16, 287, 17, 503; early, yield, 

15, 350; hardiness, 25, 429; 

late, 16, 287, 17, 504; late, 

yield, 15, 350; list of varieties, 

14, 306; notes on varieties, 14, 

304, 305, 15, 350, 351, 352, 16, 

285, 286, 25, 430-434; yield, 15, 

349, 16, 286, 17, 503. 

description of varieties, 8, 309, 9, 

277, 10, 468, 12, 635-655. 

discussion of, 11, 690. 

European red, notes on, 25, 423. 

fertilizers for, 25, 445. 

injured by winter, 14, 305. 

notes on, 14, 304, 15, 349. 

on varieties, 2, 225, 3, 324, 6, 

335. 

number of plants, 10, 459. 

plant food constituents in, 24, 373. 

preparation of land for, 25, 445. 

productiveness of varieties, 9, 276. 

propagation and selection of plants, 

25, 446, 

pruning, 25, 447. 

purple, notes on, 14, 310, 15, 352; 

on varieties, 15, 352, 353, 16, 

290, 291, 25, 426-428; yield, 15, 

352, 16, 290. 

red, early, 16, 289, 17, 506; early, 

yield, 15, 354; late, 16, 289, 17, 

506; late, yield, 15, 355; notes 

on, 16, 3538; notes on varieties, 

14, 307, 15, 354-356, 16, 289, 

290, 25, 418-425, 4382; ranked 

according to yield, 14, 309; rela- 

tive productiveness, early and 

late, 14, 308; selection of varie- 

ties, 25, 446; soil for, 25, 445; 

spider on, 15, 529; treatment of 

plantations, 25, 447; varieties 

and culture, notes on, 25, 415; 

variety tests, 26, 22; winter pro- 

tection, 25, 448; yield, 15, 353, 

16, 288, 17, 505. 

seedlings from few and many- 

seeded fruits, 4, 257; varieties 

tested, 3, 322, 4, 252, 5, 255, 7, 

95, 101, 231, 8, 308, 11, 691, 12, 

685, 641, 644, 653, 14, 310, 15, 

357, 16, 284, 293, 17, 492, 25, 

22. 

white, 12, 653. 

yellow, 14, 310; notes on varieties, 

15, 356; yield, 15, 356. 

yield in 1892, 11, 692. 
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Raspberry anthracnose, 14, 342, 368, 16, 

231, 18, 213, 19, 206, bordeaux 

mixture for, 16, 236; 241; char- 

acter, 16, 232; copper sulphate 

for, 16, 241; description, 16, 

233; experiments in treating, 16, . 

235, 241; injury from, 16, 234; 

iron sulphate for, 16, 236; 

methou of treating, 16, 242; 

notes on, 18, 459; remedies for, 

14, 869; sulphuric acid for, 16, 

236; treatment, 16, 16. 

attacked by pear blight, 14, 869. 

bulletin, 10, 13. 

cane blight and 

area, relation, 21, 

raspberry yellows, 

21, 105; bibliography of, 21, 

107; damage, 21, 110; descrip- 

tion, 21, 108; dissemination, 21, 

2 ae oues tOmLUngUS Wo Lae tor 

general notes on, 21, 106; inocu- 

discolored 

128; and 

investigation, 

lation experiments, 21, 115; 

method of infection, 21, 124; 

occurrence, 18, 214, 19, 208; 

preventive measures, 21, 134; 

spraying experiments, 21, 132; 

summary, 21, 19; varieties af- 

fected, 21, 112. 

cane borer, 10, 471. 

canes, discolored areas on, 

21, 130. 

diseases in the Hudson Valley, 18, 

21d. 

notes on, 10, 470; anthrac- 

nose, 18, 459; leaf-spot, 18, 

469; root knot, 18, 461; 

rust, 18, 460. 

prevalence, 19, 206. 

fertilizers for, 14, 112. 

injury by saw-fly, 17, 349. 

insects, notes on cane 

18, 461; saw fly, 18, 462. 

insect enemies of, 10, 470. 

notes on, 4, 256. 

orange rust of, recognition, 16, 232. 

plants, setting, 25, 446. 

root borer, notes on, 10, 470. 

rust, 14, 370. 

saw-fly, adult, 17, 347, 354; biblio- 

graphical lists, 17, 357; classifi- 

cation and name, 17, 346; 

cocoon, 17, 853; descriptions and 

life history, 17, 350; economic 

importance, 17, 348; egg, 17, 

846, 350; food plants, 17, 349; 

history and _ distribution, 17, 

847; injury by, 17, 349; larva, 

17, 347, 351; larval habits, 17, 

852; methods of combating, 17, 

355; natural enemies, 17, 355; 

Rumber of broods, 17, 3855; 

cause, 

maggot, 

] 
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Raspberry saw-fly — Continued. 

period of incubation, 17, 351; 

pupa, 17, 847, 853; pupation, 

17, 852; study, 17, 36. 

use of fungicides for the anthrac- 

nose of, 10, 457. 

yellows, cause unknown, 21, 137; 

description, 21, 1386; spraying in- 

effective, 21, 138. 

Rathbun, F. G., potato spraying experi- 

ment by, 25, 145. 

Rations, advantage of roots in, 8, 146. 

calculated, 8, 1038. 

and actual digestibility, 

533. 

calculation of value, 16, 531. 

digestibility of, 16, 508, 536, 538, 

16, 

20, 37. 
effect of changes on milk flow, 20, 

15, 61. ' 
on milk and milk fat, 20, 39. 

energy of, distribution, 20, 59. 

fed animals during experiment, 10, 

81. 

by New York farmers, 8, 110; 

chicks, 24, 38, 39; -duck- 

lings, 23, 34, 36, 24, 31, 32, 

83; in phosphorous experi- 

ment, 25, 66, 76, 86. 

for milch cows, 9, 9, 12, 213. 

poultry feeding, 17, 48, 18, 77. ~ 

from unlike sources, nutritive 

effect, 16, 542. 

nitrogenous vs. carbonaceous, 8, 

ali ky @: 

normal and poor in fat, 16, 498. 

nutrients in, 16, 541. 

Raupenleim, cabbage plants killed by, 

15, 632. 

Ravages, insect, prevention of, 15, 29. 

Rawls group of apples, 25, 346. 

Ray grass, Pacys, notes on, 1, 77. 

Rectangular silo, 15, 649. 

Red albumen, warning against, 20, 390. 

Astrachan group of apples, 25, 347. 

clover forage, analysis of, 10, 40. 

Redtop, notes on, 1, 76, 2, 146. 

Red root, composition of, 1, 18. 

spider not cause of raspberry 

yellows, 21, 137; notes on, 15, 

529; on raspberry, 15, 6138. 

Reed canary grass, notes on, 2, 147. 

Reeve, H. M., potato spraying experi- 

ment, 24, 173. 

Refrigeration in biological and dairy 

building, 17, 11. 

Refrigerators, fungus in, 20, 18, 159. 

Refuse, fertilizer constituents in, 190, 

423. 

Reichert’s test for butter, 6, 377. 

Reine Hortense cherries, spraying ex- 

periments, 16, 208. 
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Reinette group of apples, 25, 347. 

Remedies for corn worm, 14, 562; corn 

worm attacking tomatoes, 14, 563; 

plum scale, 14, 590; striped cucum- 

ber beetle, 14, 569, 572; willow 

beetles, 14, 556. 

Removal of leaves, 

plants, 22, 105. 

Rennet, action in cheese ripening, 22, 

265. 

on casein of milk, 10, 224. 

addition of, to milk in making 

edam cheese, 12, 246. 
to milk in making gouda 

cheese, 12, 264. 

effect of lactic acid on, 22, 67; 

salt on, in cheese ripening, 22, 

206; of using different amounts 

in cheese-making, 11, 450. 

enzym action on paracasein dilac- 

tate, 22, 202; in cheese ripening, 

22, 28, 188; with acid in cheese 

ripening, 22, 196; in cheese 

ripening without acid, 22, 195. 

Rennet-extract, amount used in cheese 

experiments, 11, 815; commer- 

cial vs. home-made, 10, 277; 

comparison of commercial and 

home-made, 10, 277; composition 

of cheese, influence on, 10, 278; 
loss of milk constituents in using, 

10, 277, 278; and commercial 

pepsin, action on milk casein, 22, 
198. 

in cheese-making, addition of, 109, 

226. 

relation to cheese ripening, 22, 259. 

time to coagulate milk, 11, 319. 

use in making cottage cheese, 23, 

it: 

Renovation of worn-out orchards, 25, 

449, 

Repairs and improvements, 12, 6, 16, 9. 

Repellants and drivers for striped beetle, 

18, 266. 

for cottonwood leaf-beetle, 17, 333. 

Reports of Acting Director and Chemist, 

14, 5. ; 
Acting’ Horticulturist, 8, 

257, 10, 456. 

Acting Pomologist, 8, 337, 9, 309, 

10, 491. 

Assistant Chemist, 4, 340, 5, 335, 

6, 405. 

Assistant Horticulturist, 4, 261, 5, 

Za0, 6, 307, 7; 224, 11, 681. 

Botanist, 3, 353, 4, 268, 5, 259, 6, 

3843. 
Chemist, 2, 149, 3, 329, 4, 293, 5, 

Big ote, 4 eons, 8, 71, 9,.170, 

Up eolG, tae sone 12239. 13, 
nan 
‘aVo. 

effect on cabbage 

298, 9, 
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Reports of Dairy Department, 15, 637, 

19, 249. 

Department of Animal Husbandry, 

15, 637, 16, 491, 17, 45, 18, 35, 

20, 29, 22, 37, 28, 31, 24, °7, 
25, 27. 

Department of Bacteriology, 18, 

DLO QO ASLO ee) Gore, 

47, 24, 45, 25, 107. 

Department of Botany, 14, 519, 15, 

447, 16, 345, 17, 67, 18, 153, 

19, 55, 20, 1238, 21, 57, 22, 85, 

24, 89, 25, 119. 
Department of Chemistry, 14, 

1B 30s Or IS Ll 7893) a 2D 

205 1655-21, 167, 225 165. 2 

81, 24, 237, 25, 208. 

Department of Entomology, 18, 

711, 14, 550, 15, 521, 16, 437, 

LT Pio2os Leb Lo 265,220, 

247, 21, 233, 23, 187, 24, 297, 

25, 289. . 

Department of Field Crops, 16, 581, 

BT VAT OAD Eta SO. 0 223; 

Department of Horticulture, 18, 

552; 04, 347, 15,263" 16, 207, 
DT 2.464 eet 88 3212 VEO. F335. 20; 

B21) 2d545515 22) 203.723. 229, 

24, 355, 256, 337. 

Director, LS; 2.9) (Smal OR AaT GS, 

dP, Bee Ce aeOn 11; 

11, 8, 12, 5, 13, 5 (Acting, 14, 

BD) el Sat 1G. 5. 17.6 cl SG er: 

9, 20, 9, 21, 9, 22, 9, 23, 9, 24, 

Lar iewye 

Hxecutive Committee, 

LOW Lae 1. 

Farm Superintendent and Farmer, 

4, 354, 7, 316, 8, 215, 9, 352, 10, 

491. 

First Assistant, 4, 112, 5, 72, 6, 

58.0 7259585. 52, (9, 122). 10, 182, 

tee ie oto. $3) aR) 4 
891, 15, 639. 

Horticulturist, 2, 175, 3, 189, 4, 

TSS 8 18096. T6ver, a6 11. 

5380, 12, 543. 

Inspection Work, 19, 415, 20, 861, 

21, 407, 22, 389, 23, 389. 

Mycologist, 14, 519, 15, 449. 

Treasurer, 2, 7, 3, 9, 4, 5, 5, 5, 6, 

LULA 9S, 84, 10s Ta Eis, 

sb pe oes es eee ae cms Cees Eden bees 
ae A Tee S28) oe TO Toa 20 Sa 

PN be vps A ley Ls eee eek: Bd lot 9 

Rescue grass, note on, 1, 76, 2, 146. 

Research, appropriation for, 25, 9. 

Resin-lime mixture, danger from use, 

17, 411; discussion of, 17, 390; for 

cabbage-looper, 15, 622; tests, LT, 

392. 

Resin lime soap, formula, 22, 339. 

Rw S, 41, 
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‘Resin wash, formula, 21, 340; use 

against San Jose scale, 21, 340; with 

ammonia, formula, 21, 341. 

Resistant varieties of asparagus, 19, 

130. 

Respiration as source of carbon dioxide 

in cheese, 22, 181. 

Reverted phosphate, availability of, 14, 

87. 
of lime, 14, 66. 

phosphoric acid, availability of, 14, 

87. 

Rhagoletis cingulata, notes on, 18, 422. 

pomonella, notes on, 18, 414. 

Rhizoctonia as a cause of plant diseases, 

19, 97. 

in America, 19, 103. 

Europe, 19, 101. 

on asparagus, ornamental, 19, 115; 

bean, 19, 104; beet, 19, 105; 

cabbage and cauliflower, 19, 106; 

carnation,, 19, 116; carrot, 19, 

107; celery, 19, 107; china aster, 

19, 116; coreopsis, 19, 118; cot- 

ton, 19, 108; lettuce, 19, 108; 

miscellaneous hosts, 19, 119; po- 

tato, 19, 110; radish, 19, 114; 

rhubarb, 19, 114; sweet william, 

19, 117; violet, 19, 118. 

parasitism of, 19, 120. 

partial description, 19, 100. 

Rhopalosiphum ribis attacking currants, 

16, 487. 

Rhubarb, plant food constituents in, 24, 

374. 

Rhizoctonia on, 19, 114. 

varieties grown, 3, 23. 

Ribes aureum, notes on, 4, 259, 14, 292. 

cynosbati, botanical features, 15, 

308. 

floridum, notes on, 4, 259. 

grossularia, botanical features, 15, 

306. 

nigrum, 14, 289. 

oxyacanthoides, botanical features, 

15, 307. 

rubrum, 14, 282, 287. 

Rice, E. S., cheeses made by, 22, 222. 

meal, composition, 20, 382; heat 

value of, 20; 54. 

Ringing grape-vines, experiments, 17, 

510; investigation, 17, 34. 

Ripeness and specific gravity of seeds, 

23, 376. 

Ripening of cheese, chemical changes of, 

10, 279; influence on acidity, 190, 

285; on casein, 10, 283; on fat, 10, 

282; loss of weight in, 10, 281, 12, 

278; study of, 12, 276, 22, 165, 187, 

243. 

Road building, education, 16, 23. 

Rock guanos, 14, 69. 

Rods, extension, description, 22, 358. 
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Roestelia, notes on, 18, 401. 

(See also Rust.) 

Rogers, Lore A., appointments, 18, 8, 

19, 9; Assistant Bacteriologist, 19, 

V; bulletins by, 18, 127, 19, 29; 

resignation, 21, 10; Student Assistant 

in bacteriology, 18, V. 

Rolfs, Fred M., appointment, 18, 8; 

bulletin by, 19, 167; Student Assist- 
antes," Ve 

Romanite group of apples, 25, 348. 

Rome group of apples, 25, 348. 

Room, curing, for edam cheese, 12, 249.” 
for gouda cheese, 12, 265. 

Rooms, cheese-curing, use of hygrometer 

in, 12,269. 

Roosevelt, Gov. Theodore, on Board of 

Control, 18, V. 

Root, character of, 2, 219. 

distribution and soil treatment, 5, 

168. 

galls, raspberry, occurrence, 18, 

2138. 

growth, influence of pruning, 5, 

162; observations on, 5, 157, 6, 

90; of young corn plants, 6, 90. 

pruner, figure, 7, 175. 

pruning and cultivation, 

barley, 2, 142; corn, 

1, 58, 2, 134, 6, 93. 

rot, gooseberry, occurrence, 18, 203. 

grape, occurrence, 18, 205. 

studies, of grasses and clover, 4, 

261, 265; of vegetables, 4, 262, 

266. 

Roots, advantage in ration, 8, 146. 

analyses, 4, 333. 

and silage, 15, 644; tops of sugar 

beets, influence of manure, 20, 

234; tubers, composition, 5, 342; 

tubers, digestibility, 5, 346. 

beet, analysis of, 10, 40. 

bulbs, ete., composition and value 

of, 14, 146; manurial value of, 

10, 422, 14, 146. 
composition, 5, 342, 6, 459, 8, 94, 

9, 57, 14, 146. 

value and fertilizer value, 9,. 

57. 

digestibility in ration, 8, 145. 

factor governing position in soil, 6, 

94. 

fertilizer constituents in, 

14, 146. 

fibrous, near surface of soil, 5, 164. 

influence of tillage on depth, 7,171. 

of different plants, character, 3, 

805. 

relation of depth to maturity of 
variety, 5, 162. 

tubers, ete., fertilizing value of, 10, 

422. 

7; A103 

effect of, 

10, 422, 
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Roots vs silage for cows, 9, 364. 

Rose, Anton R., Assistant Chemist, 25, 

VII. 

Rose bug, life history, 11, 682; in- 

jurious to strawberries, 11, 682. 

bushes and foliage, plant food con- 

stituents in, 24, 375. 

Rot, bacterial, of onions, 18, 169. 

black, of cabbage, combating, 22, 

95; dissemination, 22, 90; 

due to bacteria, 22, 89; 

early experiments, 22, 87; 

experiments in prevention, 

22, 91; failure of leaf pull- 

ing treatment, 22, 101; im- 

portance in New York, 22, 

87; infection, 22, 90; notes 

on prevention, 22, 107; 

previous investigations, 22, 

87; symptoms, 22, 88. 

cauliflower, experiments, 22, 

104. 

new, of apples. (See Apple rot, 

new.) ; 
stem, of snapdragon, 19, 66. 

Rotary pumps, 22, 347. 

Rotation including sugar beets, 16, 197. 

of crops, a check for onion smut, 

19, 72; on Station farm, 7, 318. 

Rotted stable manure, use of, 14, 124. 

Rotting of cherries and plums, notes on, 

4, 280. 

of tomatoes, 5, 2738. 

Round silo, 15, 651. 

Rouse, Irving, on Board of Control, 22, 

VII. 

Rowen, timothy, forage, analysis of, 10, 

40. 

Royal Stock Food, composition, 5, 338. 

Rubner, heat values, 20, 58. 

Rubus argutus. (See Blackberries, 

leafy-cluster. ) 

cuneifolius. (See Blackberry, sand.) 

idaeus. (See Raspberries, Huropean 

red.) 

neglectus. (See Raspberry, purple.) 

nigrobaccus (see Blackberries, long- 

- eluster) ; var. sativus (see Black- 

berry, short-cluster); x villosus 

‘see Blackberries, loose-cluster). 

occidentalis. (See Raspberries, 

black.) 

odorata. (See Thimbleberry.) 

strigosus. (See Raspberries, Ameri- 

can red.) 

Rue, plant food constituents in, 24, 

375. 

Rule for calculating value of fertilizers, 

16, 37. 

Rules and regulations of Station, 1, 26. 

relating to gratuitous chemical 

analyses, 14, 241. 
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Russeting of apple, occurrence, 18, 192. 

Russian apricots, 14, 270. 

productiveness, 14, 271. 

melons, test of varieties, 17, 32. 

Russet group of apples, 25, 348. 

Rust, apple, occurrence, 18, 192. 

asparagus, spraying for, 19, 122. 

bean, 11, 555. 

blackberry, 14, 351. 

carnation. (See Carnation rust.) 

celery, 11, 581. 

currant. (See Currant rust.) 

quince, 14, 367. 

raspberry, 14, 370, 19, 207. 

raspberry, occurrence, 18, 213. 

resistant varieties of carnations, 

15, 492. 

spores, distance carried, 15, 485, 

486. 

wheat, 14, 535. 

Rusty spot, caused by Bacillus rudensis, 

21, 32;. description, 21, 28; early 

studies of, 21, 32; false theories as 

to cause, 21, 30; in cheddar cheese, 

19, 44; influence on price of cheese, 

21, 29; investigations, 21, 27, 33; 
not table stain, 21, 29; outbreak in 

State, 21, 30; recommendations for 

treatment, 21, 52; source of con- 

tamination, 21, 50; summary of in- 

vestigation, 21, 18. 

Rutabaga, food value, 16, 555. 

variety test, 2, 182, 3, 199, 4, 142. 

Ryder, E. T., potato spraying experi- 

ment by, 25, 132. 

tye and vetch as a cover crop for 

orchards, 15, 442. 

constituents in the ash of one ton, 

10, 174. 

fertilizers for, 14, 112. 

fertilizing materials contained in, 

14, 93. 

green, plowing in, for potato scab, 

16, 18, 418. 

tillering of, 5, 121. 

Saccharin as preservative in canning, 

23, 50. 

Sage, plant food constituents in, 24, 

STDs 

Sainfoin as a cover crop for orchards, 

15, 443. 

Saint Lawrence and Champlain valleys, 

apples for, 25, 359. 

Salaries, appropriation for, 25, 9. 

Salary and labor expenses of lExperi- 

ment Stations compared, 11, 88. 

Salicylic acid for potato scab, 6, 313. 

Salisbury, J. V., & Sons, potato spray- 

ing experiment, 22, 136, 140, 24, 161, 

162, 163: 
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Salix viminalis, 17, 327. 

(See Basket willow.) 

Salsify, 12, 588. 

plant food constituents in, 24, 374. 

Salt as fertilizer for beets, 3, 1983. 

as indirect fertilizer, 14, 60. 

effect on action of rennet in cheese 
ripening, 22, 206; on carnation 

rust, 16; 18, 423; -on. enzym 

action in cheese, 20, 190; on 

growth of carnations, 16, 423. 

feeding to hens, 10, 200. 

to swine, 9, 148, 10, 202, 205. 

for cabbage-looper, 15, 624. 

potato scab, 6, 339. 

influence on milch cow, 2, 116. 

relation to cheese ripening, 22, 256. 

mottles in butter, 24, 287. 

soluble product in cheese, 21, 171, 

173; a salt of paracasein, 21, 

175; nature of, 21, 175. 

Salt solution for oat smut, 5, 128; soak- 

ing carnation cuttings in, 15, 

477; spore germination in, 15, 

472. 

solutions of different specific 

gravity, 238, 344. 

Salting edam cheese, 12, 248. 

gouda cheese, 12, 265. 

Saltpetre, Chili, 14, 63. 

Salts, 14, 40. 

casein and paracasein, study of, 21, 

1673 

of casein and paracasein, solubili- 

ties, 21, 185. 

paracasein with acid, 21, 177, 181. 

Samples, method of determining specific 

gravity of seeds, 238, 341. 

Sampling cheese for chemical analysis, 

21, 197. 

fertilizers, 9, 81. 

San Jose scale, 14, 605, 17, 36; affect- 

ing gooseberries, 15, 341; controlling 

for purpose of study, 19, 315; crude 

petroleum for, 20, 248; descriptions 

and life history, 16, 454; develop- 

ment of female, 19, 297; distribution, 

16, 453; effect of crude petroleum on, 

20, 256, 21, 270, 274, 275, 276, 279; 

effect of fall spraying on, 23, 219, 

220; effect of hydrocyanie acid gas 

on, 20, 282, 299; effect of kerosene 

upon, 19, 3238, 21, 266; effect of 

lime-sulphur-salt wash on, 21, 289, 

294, 298, 301, 306, 308; effect cf 

lime-sulphur-soda wash on, 23, 193; 

effect of miscible oils on, 25, 294; 

effect of Scalecide on, 24, 351; effects 

of sulphur washes on, 24, 304, 309, 

813; effects of temperature on de- 

velopment, 19, 310; effects of water 

spraying, 21, 331; effects of white- 
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San Jose scale — Continued. . 
wash on, 21, 331; experiments, loca- 

tion, 25, 13; food plants, 16, 453; 

formation of scale, 19, 303; fumigat- 

ing for, 14, 611; history, 16, 452; in 

New York State, 16, 438; in orchards, 

treatment, 21, 258; investigations, 

20, 247, 21, 281; local distribution, 

19, 314; means of distribution, 16, 

455; methods of combating, 19, 328, 

21, 20; migration of larva, 19, 300; 

miscible oils for, 25, 19, 289; molt- 

ing, 19, 308; mortality of larva, 19, 

301; notes on, 18, 416, 449; on 

nursery. stock, 16, 452; orchard 

treatment, 20, 292; period of de- 

velopment, 19, 298; promising in- 

secticides, 20, 288; recommendations 

for treatment, 20, 286; remedial 

measures, 16, 456; resin wash for, 

21, 340; spraying experiment’ with 

kerosene, 19, 317; spraying experi- 

ments with washes for, 21, 340; 

spraying for, 24, 325; sulphur sprays 

for, 22, 30; summary of treatment 

for, 14, 614. 

Sand, action of, 14, 56. 

Sandy loam, analyses, 17, 487. 

Sannina  ewitiosa. (See Peach tree 

borer. ) 

Saperda candida. (See Apple _ tree 

borer. ) 

Satterly, W. H., potato spraying experi- 

ments, 24, 134, 25, 157. 

Saturated solution of copper sulphate, 

16, 228. 

Saturation equivalent for fatty acids in 

butter, 6, 378. 

of air, table, 20, 219. 

Sawdust for potato scab, 7, 224. 

Saw-fly, raspberry, 17, 36. 

Scab, apple, new rot following, 21, 141. 

‘See Apple scab.) 

pear. (See Pear scab.) 

potato. (See Potato scab.) 

resistant varieties of apples, 16, 

338. 

Secald of apples in storage, 

affected, 23, 269. 

Scalecide, tests of, 24, 348, 25, 291. 

Seale infesting plum, 14, 575. 

insects, 14, 605, 613. 

on nursery stock, 16, 442. 

on oak, 14, 550. 

kerosene emulsion for, 14, 550. 

pernicious, 14, 605. 

(See also San Jose scale.) 

San Jose. (See San Jose seale.) 

Scheele’s green. (See Green arsenite.) 

Schenck, J. E., potato spraying experi- 

ment, 24, 151. 

varieties 
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Schizoneura lanigera, notes on, 18, 415. 

{See Woolly louse of the apple.) 

Schizophyllum commune, relation to 

apple canker, 18, 335. 

Schoen, George C., potato spraying ex- 

periment, 24, 158. 

Schoene, William J., appointment, 25, 

8; Assistant Entomologist, 25, V; 

bulletin by, 25, 297; student assist- 

ant in entomology, 24, VII. 

School, Graduate, of Agriculture, assist- 

ance offered, 25, 12. 

Schraub, F. C., on Board of Control, 15, 

av 

Seience and cheese-making, 10, 228. 

article in, 21, 144. 

Scientific work, apparatus and _  equip- 

ment for, 15, 11. 

Scolytus rugulosus. (See -Fruit bark 

beetle.) 

Scoring of cold cured cheese, 22, 228. 

Scrub stock, loss in raising, 9, 359. 

Scurfy bark louse, descriptions and life 

history, 16, 447; effect of sulphur 

washes on, 24, 314; history, distri- 
bution, food plants, ete, 16, 446; 

notes on, 18, 416, 450; on nursery 

stock, 16, 446; remedial measures, 

16, 447. 

Searl, J. H., cheeses made by, 22, 221. 

Season, effect on keeping quality of ap- 

ples, 23, 268. 

Seasons of applying fertilizers, 14, 120. 

Second Judicial Department, benefit 

from experiment, 16, 12; change in 

character of work, 16, 12; special 

agent, 21, 14; work in, 14, 8, 248, 15, 

32, 16, 12, 17, 26, 20, 11, 21, 14. 

Secretion of milk, regularity of, 19, 

ipa. 
Seed bed, compact vs. loose, for grains, 

Bota... 

cabbage, green vs. ripe, 4, 154; 

large vs. small, 4, 152; method 

of growing, 23, 65. 

cauliflower, large vs. small, 4, 155. 

coat, influence on germination, 3, 

328. 

corn, effect of drying on germina- 

tion, 4, 95; influence on crop, 1, 

43; poor, loss from, 5, 45; selec- 

tion, 5, 43. 

disinfection, 23, 74; directions for, 

23, 76. 

double embryos in, 2, 37. 

effect of size on crops of oats, 6, 

65. 
germination tests, 3, 105, 5, 56. 

green, cabbage from, 5, 190. 

immature, germination of, 2, 89. 
of tomato, use, 4, 209. 
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Seed bed, large vs. small, for beans, 8, 

364; for corn, 4, 54. 

lettuce, germination and growth, 

17, 468, 470. 

green vs. ripe, 4, 162. 

oats, large vs. small, 4, 131. 

of grasses, rate per acre, 8, 223. 

of tomato, green vs. ripe, 9, 299. 

onion, large vs. small, 4, 144. 

peas, effect of order in pod, 3, 234. 

position affecting germination, 2, 

38. 

potatoes, size of pieces, 1, 61. 

production of weeds, 1, 86. 

relation to qualtity in fruit, 1, 78. 

selection by specific gravity, 23, 

335; applicability, 23, 383; 

favorable results from, 23, 

337; investigation, 23, 22; 

results unfavorable to, 23, 

339. 

experiments, 8, 364. 

size in large and. small fruits, 6, 

43. 

soil conditions affecting, 6, 14. 

sugar beet, quality, 16, 194. 

tester, 2, 67. 

tomato, test of, 8, 329. 

weight of, 2, 71-95. 

Seeding alfalfa, 16, 557. 

period for barley and oats, 5, 130. 

Seedling fruits, notes on, 5, 166. 

strawberries, figures, 9, 272. 

Seedlings from few and many-seeded 
fruits, 5, 166. 

from wild fruits, 5, 167. 

variety in, 2, 37. 

Seeds, analyses, 2, 151, 3, 331. 

color and germination, 2, 61. 

commercial, germination tests of, 2, 

67. 

fertilizer constituents in, 10, 422. 

food analysis, 4, 331. 

germination of, 2, 57. 

tests, 3, 105, 5, 56. 

large and small, germination, 2, 

63. 

limit of age for germination, 5, 58. 

methods of determining specific 

gravity, 23, 340. 

mutilation affecting germination, 2, 

64. 

position affecting 

63. 

range and distribution by specific 

gravity, 23, 346. 

re-germination, 2, 65. 

separation of foreign matter by 

solutions, 28, 351. 

specific gravity. ‘See also Specific 

gravity.) 

germination, 2, 
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Seeds, vitality influenced by age, 5, 56, 

weight of, 1, 82. 

Seely, H. H., Assistant Chemist, 13, V. 

Seius pomi, n. sp., description of, 25, 

318. 

enemy of leaf blister mite, 25, 317. 

Selandria cerasi, notes on, 18, 451. 

Self-fertile grapes, list of, 14, 321, 17, 

547; partially, 14, 322, 323,17, 547. 

Self-fertility of grapes. (‘See Grapes, 

self-fertility. ) 

Self-fertilization of grapes, productive- 

ness affected by, 14, 320. 

sterile grapes, 14, 324, 325; 

potency of pollen, 21, 366, 372, 

375, 37T. 

Self-sterility of grapes, cause, 17, 559. 

Selling price and commercial valuation 

of fertilizers, 17, 98, 282, 18, 225, 

236, 21, 411, 22, 21; and cost of in- 

gredients of fertilizers, 16, 32, 34, 

137; of fertilizers, 16, 140. 

Separates, methods of, for determining 

specific gravity of seeds, 23, 340. 

series of, for determining specific 

gravity of seeds, 23, 348. 

Separator, centrifugal, for creaming 

milk, 10, 391. 

loop, 22, 355. 

Septoria cerasina, figures, 5, 277, 6, 

348. 

(See Plum leaf fungus.) 

helianthi on sunflower, 15, 455. 
lactucae, figure of perithecium, 4, 

278. 

(See Lettuce rust.) 

of chrysanthemum, 11, 557. 

petroselini var. apii. (See Celery 

septoria. ) 

piricola, notes on, 18, 445. 

ribis. (See Leaf-spot, currant.) 

ribis on gooseberries, 15, 342. 

rubi. (See Leaf-spot, blackberry.) 

Setting milk, experiment showing dif- 

ference, 10, 159. 

Seventeen year locust. 

periodical. ) 

Sexual development of striped beetle, 

LS 20 b 

status of grape, 21, 397. 

Seymour, P. H., Assistant Chemist, 9, 

V. 

Shade, effect on evaporation, 23, 236; 

humidity, 23, 235; intensity of light, 

23, 236; potatoes, 3, 77; soil moist- 

ure, 23, 234; temperature of air, 23, 

232; temperature of soil, 23, 234; 

vegetative growth, 23, 237; wind, 23, 

236: 

Shading, applicability in plant culture, 

23, 248. 

(See Cicada, 
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Shading as frost protection, 28, 237. 

effect on general quality of straw- 

berries, 23, 243; plants, 23, 246; 
pollination of strawberries, 23, 

240; size of strawberries, 23, 

248; strawberry diseases, 23, 

239; strawberry yields, 23, 240. 

strawberries, 23, 23, 229; cost, 23, 

231; effect on earliness, 23, 242; 

effect on plant environment, 23, 

232; effect on yield, 23, 240; re- 

suits, 238, 245. 

Shaw, Walter B., potato spraying ex- 

periment by, 25, 152. 

Sheedy, J. T., Assistant Chemist, 11, V. 

Sheep dip for codling moth, 6, 98. 

feeding experiment, 7, 300. 

for fat and lean, 7, 300. 

fescue, notes on, 1, 77, 2, 147, 5, 

138. 

manure, 14, 75, 82. 

silage for, 15, 647. 

Ship stuff, wheat, composition, 6, 434. 

Shorthorn cows, quantity and composi- 

“tion of feed, 9, 434, 443. 

Shorts, composition of, 2, 109. 

Shot-hole disease, occurrence, 18, 211. 
fungus on cherry, 20, 17, 146. 

Shriveling of apples in storage, 23, 273. 

Silage, analysis of, 10, 40. 

and milk production, 15, 648. 

roots, 15, 644. 

silos, 15, 641. , 

best stage of corn for, 7, 264, 8, 83, 

86. 

variety of corn for, 8, 80. 

clover, analysis of, 10, 40. 

for, 15, 643. 
composition of, 2, 109. 

corn, 15, 31. 

composition of, 15, 670. 

for, 10, 491, 15, 642. 

crops for, 15, 642. 

effect on lactic acid in milk, 2, 157. 

experiments with, 11, 163. 

for different classes of stock, 15, 

647. 

for milch cows, 14, 393. 

for swine, 9, 141. 

from alfalfa, 16, 560. 

in open air stacks, 6, 73. 

notes on, 7, 324. 

oat-and-pea, 15, 644. 

-vetch, 15, 644. 

preparation of, 4, 43. 

preservation without silo, 6, 73. 

soja bean for, 15, 644. 

stack, 7, 326. 

apparatus for making, 6, 73, 

study of, 6, 37. . : 

summary of feeding trials with, 14, 

451. 
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Silage, thick vs. thin planted corn for, 

8, 81. 

time of cutting corn for, 15, 646. 

variety of corn for, 15, 646. 

vs. corn fodder, feeding test, 7, 297. 

roots for cows, 9, 364. 

Silicon, action in plants, 14, 54. 
description, ete., 14, 45. 

relation to fertilizers, 14, 57. 

Silo, analysis of dry matter in bags, 

11, 167, 168; fresh material, 11, 

169, 170. 

changes taking place in, 14, 162. 

construction of, 7, 368, 15, 648. 

cost, 15, 653. 

filling, 15, 654. 

foundation and floor, 15, 651. 

frame work and walls, 15, 651. 

freezing, 15, 653. 

location, 15, 650. 

losses in, 11, 171, 172, 15, 645. 
outdoor, 7, 326. 

preservation, 15, 654. 

rectangular, 15, 649. 

roof, 15, 652. 

round, 15, 651. 

ventilation, 15, 6538. 

Silos and silage, notes on, 7, 324. 

Sirrine, F. Atwood, articles by, 15, 608, 

614, 620, 628, 20, 292; bulletins by, 
aaa ies eso, 218, 2515519) 69, “122, 

202,5e0, 200, 21, 77; 258, 22, 117; 

23, 206, 24, 89, 297, 325; change in 

position, 21, 9; Entomologist, 13, V; 

reports as Entomologist, 13, 735, 14, 

547; Special Agent, 21, VII. 

Size and specific gravity of seeds, rela- 

tion, 23, 352. 

of apples, effect of thinning, 22, 

311. 

beets for sugar production, 16, 

198. 

cheeses, effect on loss. of 

weight, 22, 227. 

Skim-milk, fat globules in, 10, 158. 

cheese, manufacture of whole-milk 

and, 10, 290, 11, 440. 

composition of, 15, 670, 16, 564. 

effect of adding to different milks 

in cheese-making, 15, 93, 95. 

fat lost in, 10, 306. 

fertilizing value of, 

for chicks, 10, 189. 

for feeding capons, 11, 237, 244, 

245, 259, 264, 270. 

monthly yield of, by dairy animals, 

10, 313. 

Slips, cabbage plants from, 5, 190. 

Sliters, potato spraying experiment at, 

24, 128. 

14, 76. 

J 
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Slosson, Wm., reports as Treasurer, 4, 

5, 5;. 5. 

Slug, cherry, 14, 353. 

pear, 14, 362. 

Slug-shot, composition of, 18, 244. 

Hammond’s, as insecticide, 3, 322. 

Small fruits, 14, 251. 

Smith, George A., appointment, 16, 6, 
17, 4; bulletins by, 19, 29, 251, 

444, 21, 27, 22, 218, 25, 27; 

Dairy Expert, 17, V. 

Oliver, & Son, potato spraying ex- 

periment by, 25, 147. 

Smith’s electric vermin exterminator, 

composition of, 18, 244. 

Smut, oat. (See Oat smut.) 

onion. (See Onion smut.) 

Snapdragon anthracnose, 19, 61, 20, 

17) l4Seeedescription, ~19; 62); 

treatment, 19, 65. 

cultivated, anthracnose of, 19, 61. 
stem rot of, 19, 66. 

Soaking as a means of seed disinfection, 

23, 74. 

Soap added to bordeaux mixture, 11, 

5387, 558. 

and lime solution for oat smut, 5, 

129. 

commercial, used in spraying, com- 

position, 23, 18, 122. 

fish-oil, or whale-oil, home making, 

23, 128. 

home-made, 

isle 

spraying experiments, 23, 129. 

Soaps, analysis, terms used, 238, 125. 

function as insecticides, 28, 124. 

general composition, 23, 125. 

whale-oil, analyses, 23, 126. 

Sod and cultivated ground, moisture in, 

5, 178. 

Soda and plants, relation of, 14, 55. 

arsenite of, insecticidal value on 

potatoes, 25, 179. 

bordeaux, 22, 329. 

bordeaux, for gooseberry mildew, 

AS E327) Lormulastor 2s. 328 ¢ 

Irish experiments, 24, 178; prep- 

aration, 24, 180; formula and 

preparation, 24, 177, 179; vs. 

lime bordeaux for spraying po- 

tatoes, 25, 174. 

caustic, use in making lime-sulphur 

wash, 21, 339. 

lime bordeaux, 22, 329. 

nitrate of, 14, 63. 

vs. potash in plant growth, 19, 231. 

Sodium chloride and tannin method for 

peptone, 21, 202; for potato 

scab, 7, 225. 

oceurrence, etc., 14, 47. 

relation to fertilizers, 14, 51. 

cost of materials, 23, 
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Sodium salts of casein, hydrolosis of, 

25, 278. 

Soil, amount of plant-food in, 14, 57. 

Soil, temperatures — Continued. 

12, 734, 13, 780, 15, 7a2-t10 
16, 628-634, 17, 578, 579, 580, 

capillary action in, 6, 103, 7, 194. 

character of, used in potato experi- 

ments, 14, 27. 

composition and origin, 14, 55. 

condensation of water on, 7, 196. 

conditions for controlling aspara- 

gus rust, 19, 1381. 

derived elements, 14, 39. 

effect of shade on temperature of, 

23, 234. 

on distribution of apples, 25, 

352. 

experiments at Station, outline, 9, 

100. 

fertility removed by crops, 7, 244. 

fixation of phosphoric acid by, 4, 

351. 

food-constituents of, 14, 55. 

for alfalfa, 16, 556; for onions, 

compact vs. loose, 4, 144; pot- 

ting tomatoes, 16, 255; sugar 

beets, 16, 197; raspberries and 

blackberries, 25, 445; strawber- 

ries, 25, 411. 

hygrometer, notes on, 7, 198. 

improvement by alfalfa, 16, 556. 

influence on potato scab, 6, 308. 

loss of nitrogen from, 14, 57; 

phosphoric acid from, 14, 57; 

plant food from, 14, 57; potash 

from, 14, 57. 

mechanical constituents of, 14, 55. 

mixtures, for forcing head lettuce, 

comparison, 17, 461. 
moisture, effect of various treat- 

ments on, 7, 180; importance 

for crops, 6, 9; in cultivated 

ground and sod, 5, 178; instru- 

ment for determining, 5, 177, 6, 

110; methods of recording, 5, 

176; record of, 9, 391. 

movement of phosphoric acid in, 4, 

349. 

needs indicated by crops, 14, 85. 

nitrogen in, 14, 57. 

of New York, exhaustion, 7, 18. 

percolation of water through, 3, 

S47, 4) 321, Be 32e) 6.102. 395. 

phosphoric acid in, 14, 57. 

physics, investigation of, 7, 180. 

plats treated with chemicals, 12, 

238. 

potash in, 14, 57. 
preparation for planting potatoes, 

14, 27. 

temperatures, 3, 406, 4, 356, 5, 

358-364, 6, 472-878, 7, 390-403, 

8, 398, 9, 465, 10, 515, 11, 717, 

581, 582, 583, 584. 

thorough vs. slack preparation, 7, 

178. 

treatment and root distribution, 5, 

163. 

water, movement during percola- 

tion, 7, 191; percolation, 3, 347, 

- 4, 321, 5, 327, 6, 102, 395; study 

of movements, 6, 101. 

Soiling, 10, 492. 

Soils, analysis of, 14, 84. 

capillary action in, experiments, 7, 

194. 

chemical analysis of, 8, 55. 

dryness and rate of absorption, 6, 

PTZ. 

effect of compactness on wheat, 6, 

62. 

for lettuce fertilizer experiment, 

20, 331. 

for lettuce forcing, ingredients 

and composition, 17, 464, 467, 

475, 484, 487. 

mechanical analysis, 8, 53. 

moisture in, 4, 821. 

rate of capillary flow in, 6, 105. 

Station, sampling and analysis, 8, 

53. 

Solanum species. (See Potato, wild.) 

Soja bean, composition of, 1, 24, 4%, 

148; trial of, 1, 74. 

Solid manure, composition of, 14, 82. 

Solids, average percentage, in milk, 11, 

Tt, Los. 

in cheese, 11, 367, 12, 401; milk, 

10, 57, 11, 329, 12, 96; 101, 

346; milk, average by breeds 

monthly, 10, 1 9550 SrO0R nates 

average composition of, 10, 141, 

142; milk of different breeds, 10, 

105, 12, 118, 118; milk, per- 

centage changes during lacta- 

tion, 10, 106, 11, 110; variation 

in percentage, 16, 522; vinegar, 

methods of determination, 23, 

165; whey, 11, 359, 12, 387. 

not fat in milk, general average of, 

10, 141. 

Solubilities of casein and paracasein 

salts, 21, 185. 

Solutions, capillary rise, 6, 104. 

rate of capillary flow, 6, 106, 7, 

196. 

salt, of different 

23, 344. 

Sooty blotch of apple, occurrence, 18, 

192. 

specific gravity, 



Sorghum, 11, 291. 

analyses, 8, 69, 11, 292. 

analyses of juices, 10, 211. 

as a forage plant, 3, 103. 

carbonate of lime for, 10, 210. 

Chinese and Indian, test of, 1, 75. 

composition of juice, 10, 211. 

of varieties, 7, 79. 

Harly Amber, composition, 2, 143. 

experiments with, 9, 62. 

fed to pigs, 9, 156, 11, 283. 

fertilizer experiments, 7, 82. 

fertilizers for, 14, 112. 

for forage and’ syrup, 

35, 67... 

swine, 9, 156, 11, 2838. 

forage, analysis of, 10, 40. 

halapense. ‘See Johnson grass.) 

in hills and drills, 8, 263. 

investigations at Station, 9, 

14) 27. 

notes on, 8, 351. 

on varieties, 7, 71, 9, 162. 

sugar and glucose in, 2, 157, 4, 

320, 9, 166, 12, 177. 
production in New York, 10, 

25. 

syrup, study needed, 7, 44. : 

tests of, 1, 73, 4, 133, 8, 68, 10, 

208. 

thick vs. thin planted for forage, 

8, 83. 

variety tests, 4, 133, 8, 68, 10, 208. 

varieties, sugar in, 9, 166. 

Sorghums, analysis of, 11, 292, 

294. 

Source of milk fat, 16, 22, 491. 

Sources of carbon dioxide in cheese, 22, 

180. : 

plant food for sugar beets, 16, 196. 

fouring of milk, chemical changes, in- 

vestigation, 23, 81, 86; explanation 

of changes, 23, 84; note on chemical 

changes, 238, 17; tabulation of chemi- 

cal changes, 23, 87. 

South Carolina rock, phosphoric acid in, 

a Be irate 

Southampton, potato ‘spraying 

ments dt, 24, 137, 140. 

Soy bean. ‘See Soja bean.) 

Special agent in Second Judicial Depart- 

ment, 21, 14. 

Species of plant lice prevalent in 1897, 

16, 482. 

Specific gravity and color of seeds, cor- 

relation, 23, Sole and 

germination of seeds, _ rela- 

tion, 23, 355; and ripeness 

of seeds, 23, 876; and size 

of seeds, relation, 23, 352; 

and structure of seeds, 25, 

876; and viability of seeds, 

PT, 588i 8 

100, 

293, 

experi- 
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Specific gravity — Continued. 

correlation, 23, 362; method 

of seed selection, applicabil- 

lig Be BIBy 

of eggs, 7, 65; of eggs. change 

in keeping, 7, 67; of grape 

seeds, 23, 348; of seeds and 

vigor of plants, relation, 23, 

365; of seeds, causes of dif- 

ference, 23, 874; of seeds, 

methods of determining, 235, 

340; of seeds, wet and dry, 

23, 363; range and distribu- 

tion of seeds by, 238, 346; 

salt solutions of different, 

23, 344; seed selection by, 

23, 22, 335; seed selection, 

favorable results from, 23, 

837; seed selection, results 

unfavorable to, 23, 3839. 

Spencerport, potato spraying experiment 

at, 24, 114. 

Sphaceloma aimpelinum. 

anthracnose. ) 

Spherella fragarl@, notes on, 18, 463. 

(See also Leaf-blight, strawberry.) 

rubina and discolored areas on 

raspberry canes, 21, 130. 

description, 21, 130. 

(See Grape 

Sphaeropsis, classification of svecies, 

LS eee 

cydoniae. ‘See Quince rot.) 

inoculation experiments, 18, 349, 

19, 345. 

malorum. (See also Apple-tree 

canker.) 

on pear, 19, 198. 

species, number and occurrence of, 

18; 355. 

spore measurements, 18, 348. 

Sphaerotheca castagnet. (See Straw- 

berry mildew.) 

Sphaeropheca morsuvae. (See Goose 

berry mildew and Powdery mildew of 

currant and gooseberry.) 

Spider, red, on raspberry, 15, 613. 

Spilocryptus extrematis, enemy of tent- 

eaterpillar, 17, 377. 

Spinach, description of varieties, 6, 226. 

early vs. late matured seed, 3, 284. 

fertilizers for, 14, 113. 

index to varieties, 6, 229. 

leaf maggot, or miner, 14, 625; 

description, 14, 629; enemies of, 

14, 630; food plants of, 14, 629; 

habits of, 14, 628; life history, 

14, 627; remedies, 14, 631. 

notes on varieties, 6, 325. 

root system, 3, 308. 

seed, germination of, 2, 61. 

test of varieties, 2, 207, 3, 

4, 216. 

283, 
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Spiny soldier bug, enemy of tent-cater- 

Hillar AT ST ie 

Spore germination in fungicides, 15, 

470. 

measurements of Sphaeropsis, 18, 

348. 

Spores found in clematis disease, 
figure, 8, 384. 

Spot, rusty. ‘See Rusty spot.) 

Spray apparatus and spray mixtures, 

bulletin on, 22, 31, 321. 

how to, 14, 382. 

injury and leaf spot disease, simi- 

larity, 21, 70; and mite injury, 

differences, 25, 3817; counter- 

balanced by good, 21, 75; to 

apple foliage, 21, 19, 67. 

machinery, descriptions of, 22, 344. 

mixtures and spray machinery, 22, 

a2 1. 

effect on pollen and on _ blos- 

soms, 19, 374, 385. 

most desirable, 22, 343. 

nozzle, best, 22, 354. 

nozzles, classification and descrip- 

tion, 22,. 348. 

pumps, 12, 708; agitators for, 12, 

fO9RS” andavspraying. LG. 215-3 

equipment, 22, 345; selection, 

1G +210; 

Sprayed grapes, composition, 10, 401. 
Sprayer, potato, kind to use, 24, 189. 

power, for asparagus, 19, 153. 

public, 24, 192. 

Spraying apparatus,. comparison of 

kinds, 15, 27; injurious effect of 

potassium sulphide on, 15, 487; 

steam, care of, 22, 370. 

appliances, notes, 16, 17. 

conveniences, home made, 16, 225. 

cost of, 21, 279. 

cucumbers, cost, 17, 87; directions, 

17, -89;. tests, 17, 67: time. re- 

quired, 16, 365. 

cut leaved birch for thrips, 16, 466. 

early, for pear scab, 12, 709. 

effect on character and composition 

of potatoes, 21, 94, 22, 132, 24, 

104; potato rot, 25, 183; yield 

of potatoes, 21; 89. 
experiments against spring canker 

worm, 17, 35, 885; notes on, 23, 
19, 20; on: cucumbers, 17, 34; 

on potatoes, 21, 77, 22, 117, 24, 

143, 25, 119; on potatoes, sum- 

mary, 21, 18, 22, 26; raspberry 

cane blight, 21, 132; with crude 

petroleum, 20, 19, 248; with 

lime-sulphur-salt wash, 21, 282; 

fall, results, 23, 212, 221; fall, 

with sulphur washes, 23, 206, 
24, 327. 
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Spraying for asparagus rust, 19, 122, 

136; bean anthracnose, 11, 537; 

carnation rust, 15, 29, 482; cot- 

tonwood leaf-beetle, cost, 17, 336; 

flea beetle on nursery stock, 16, 

465; new apple rot, 21, 158; 

pear scab, 12, 696; plum leaf 

spot, 16, 211; potato blight, 10, 

485; potato scab, 11, 562; rasp- 

berry saw-fly, 17, 356; rasp- 

berry yellows, 21, 138; San Jose 

scale, 19, 330, 24, 325; white- 

marked tussock-moth, 14, 553. 

gain on cucumbers, 17, 75, 78, 80, 

84. ' 
importance of pure materials, 10, 

401. 

in bloom, 19, 351; attitude of or- 

chardists, 19, 870; experiments, 

19, .359,"39T2 

in’ rainy weather, 12, 707. 
increased yield of plums from, 15, 

899, 16, 211. 

machinery, manufacturers of, 22, 

345. 

notes on, 16, 370. 

machines, power, 16, 223. 

materials, composition, 10, 392. 

mixture for cauliflower and cab- 

bage worms, 17, 889. 

mixtures, notes, 16, 17. 

muskmelons and watermelons, 16, 

366. 

nozzles for, 16, 225. 

outfit for cucumbers, 17, 71. 

outfits, elements of, 22, 345. 

kinds, 22, 361. 

philosophy of, 16, 388. 

potatoes, 10, 485, 15, 28, 16, 376, 
24, 89; advantages, 21, 102; ap- 

paratus used, 15, 502; as crop 

insurance, 22, 151; business ex- 

periments, 24, 105; causes of © 
failure, 22, 152°; cost, 15,503. 

directions for, 16, 400, 21, 104, 

22, 161, 24, 193, 25, 186; ex- 
periments, 21, 77; for blight, 11, 

696; number of applications, 24, 

187; prevention of insect injuries 

by, 16, 3878; profitableness of, 

16, 386, 21, 96; progress of, 24, 

185; with arsenite of lime, 24, 

208; with paris green, 24, 200. 

profit from, on cucumbers, 17, 85. 

soaps, commercial, composition, 23, 

122. 

Station orchard, 8, 358. 

to prevent mildew on gooseberries, 

15, 3438. 

tomatoes, 14, 529, 530. : 

with bamboo extension rods, 12, 

708; cold water, 25, 180; crude 
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Spraying — Continued. 
petroleum, effect on trees, 21, 

268, 272, 273; crude petroleum, 

for San Jose scale, 21, 258, 266; 

crude petroleum, summary of re- 

sults, 21, 277; green arsenite, 

16, 21; kerosene, effect on trees, 

21, 265; kerosene for San Jose 

scale, 21, 258, 261; kerosene 

lime mixture, 24, 334. 

young nursery trees, 16, 20. 

Starch and sugar in feeding stuffs, 6, 

429, 16, 543. 

in early and late cut timothy, 6, 

414, 

waste as cattle food, 4, 16. 

Starter, use in making cheese from pas- 

teurized milk, 22, 204. 

Station, act establishing, 3, 5. 

agencies in establishing, 1, 2. 

and work of, needs, 12, 178. 

apparatus and equipment for scien- 

Sprays, arsenical, for forest tent-cater- 

pillar, 18, 310. 

Spring canker worm, spraying experi- 

ments, 17, 385, 

Squash, 12, 588. 

tific work, 15, 11. 

arboretum, trees in, 7, 141. 

assistance in dairy industry, 8, 14. 

building needed, 15, 19. 

clerical and labor force, 15, 9. 

and pumpkins, classification, 6, 

243; description of varieties, 6, 

245; index to varieties, 6, 268. 

-borer, test of cultural measures 

for, 15, 610. 

bug, experiments on, 4, 251. 

notes on varieties, 6, 323. 

root system of, 5, 160. 

variety tests, 1, 129, 2, 185, 3, 

205, 4, 148, 5, 240. 

vine borer, experiments with, 4, 

244, 15, 610; treatment of, 2, 

ZolteoLS. 

Squashes, fertilizers for, 14, 113. 

Stable manure and nitrogenous chemi- 

eal fertilizers for forcing lettuce, 

20, 321; applying broadcast, 14, 

124; applying in heaps, 14, 124; 

applying in row, 14, 125; defini- 

tion of, 14, 74; differences be- 

tween fresh and fermented, 14, 

79; effect on sugar beets, 17, 452; 

exclusive use not advised, 14, 

122; for lettuce forcing, 17, 486; 

fresh, use of, 14, 123; in New 

York, aggregate value of, 10, 22; 

loss of fertilizing materials in, 

14, 79; methods of application, 

14, 124; rotted, use of, 14, 124; 

supplemented by commercial fer- 

tilizers, 14, 123; use of, 14, 122; 

vs. commercial fertilizers for let- 

tuce forcing, 17, 488, 490. 

ventilation, 25, 106. 

correspondence, 9, 113, 10, 7, 15, 

14. 

dairy animals, 15, 12. 

investigations by, 15, 18. 

distribution of information by, 15, 

2s 

establishment of, 22, 13. 

farm, 15, 10. 

financial basis of, 15, 8. 

support and needs of, 22, 16. 

fruit plant, 15, 12. 

function of, 22, 11. 

future work and development of, 

15; 15. 

gifts to; 1, 28,2, 11, *3 2.037 47588, 

5, 19, 6, 49, 7, 48, 8, 45, 9, 114, 

LORS. th 222. e224, 1a aeOG, 

14, 230, 15, 687. 

grounds and buildings, notes on, 

a le eS 

growth and needs, 22, 12, 24, 9. 

horticultural and allied investiga- 

tions by, 15, 18. 

library, 15, 9. 

lines of investigation, 2, 17. 

location and general surroundings, 

15, 7. 

Maintenance funds, 23, 12, 24, 12. 

need of financial support, 7, 4. 

object of, 2, 9. 

orchard, notes on, 41, 144, 5, 165, 

7, 86. 

organization 1882, 1, 4. 

outline of work, 9, 99. 

Stables, disinfection, 25, 42. 

Staff, changes in, 16, 5, 17, 6, 20, 10, 

22,9, 14, 23, 9, 28, 7. 
houses needed for, 238, 11. 

Stalk blight of celery, 11, 574. 

Stamens of grape, length an indication 

of self-fertility, 17, 562. 

Standards, feeding, 8, 102. 

legal, for cider vinegar, 23, 163. 

Starch and sugar in food of cows, 10, 
45,062 O1,105,)) 106, 11, 

123, 12, 92, 109. 

past expenditures, 22, 16. 

preparatory work, 1, 5. 

present work, 15, 20. 

property, inventory, 5, 367. 

plan of, 8, 53. 

publications, preparation of, 15, 14. 

purpose, 1, 10. 

purchase of land for, 1, 3. 

reasons for establishing, 1, 2. 

Felation to agricultural organiza- 

tions, 7, 45. 

rules and regulations, 1, 26. 
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Station staff, changes in, 18, 6, 19, 9, 

21, 9, 22, 9, 24, 7, 25, 7. 

Farmers’ Institute, work of, 17, 

23. 

status of, 15, 7. 

support of, 22, 12. 

water supply, 7, 36, 364. 

work, address of Dr. Peter Collier 

on, 11, 12; interpretation of re- 

sults, 2, 16; principal topics in 

five years, 6, 53; with grasses, 

S261, 

Stations, branch, contemplated, 7, 36, 8, 

29. 

experiment, work of, 7, 8. 

Statistics, crop, of New York and Mid- 

dle States compared, 11, 16. 

of New York and New England 

compared, 10, 18. 

Steam power outfits, description, 22, 

373: 

sprayers, 16, 223, 22, 369. 

spraying apparatus, care of, 22, 

370. 

Steers, fattening, cost of gain, 9, 22, 

fattening experiments, 9, 20. 

feeding experiment with, 8, 186. 

food consumed by, 9, 21. 

nitrogenous vs. carbonaceous ration 

LOPS et Ae 

Stellwaag, Dr. August, on 

{ACLS eLOT 125: 

Stem rot of snapdragon, 19, 66. 

Stenographer, work of, 10, 7. 

Sterility of grapes, cause, 18, 390. 

Sterilization of cider, effect on loss of 

malice acid, 23, 160. 

Stewart, Fred C., articles by, 15, 451, 

461, 496, 518, 20, 123, 142; assist- 

ance on bulletin, 22, 321; Botanist, 

17, V; bulletins by, 16, 345, 376, 401, 

417, 17, 67, 18, 153, 168, 184, 398, 

19/261,.628. 507, Oi eek. D7, «1. bon, 

22, 85, 117, 23, 62, 24, 89, 195, 25, 

119, 188; Mycologist, 14, V; reports 

as Mycologist, 14, 519, 15, 449. 

Stimulant fertilizers, 14, 59; danger in 

using, 14, 60. 

Stirred-curd and cheddar _ processes, 

amount of casein and albumen 

lost by, 10, 274, 11, 448; amount 

of fat lost by, 10, 372, 11, 448; 

composition of cheese as  in- 

fluenced by, 10, 275, 11, 448; of 

cheese manufacture compared, 

LO 21 G. 

cheese, how made, 10, 227. 

Stirring soil, effect on moisture, 7, 181. 

Stock, scrub, loss in raising, 9, 359. 

Stone fruits, 14, 251. 

ether ex- 

INDEX TO First TWENTY-FIVE REPORTS. 

Storage, behavior of varieties of apples, 

23, 277-334 (varieties alpha- 

betically arranged). 

efficiency of different kinds for 

apples, 23, 262, 

experiments with apples, 23, 21, 

250. 

house, fruit, of Station, description, 
23, 253. 

life of apples, temperature, 23, 265. 

Stover, maize. (See Corn stover.) 

Strainers, description, 22, 360. 

Straining cider, effect on acetic fer- 

mentation, 23, 154. 

Straw and grain, ash in, 11, 206. 

chaff, etc., composition and value 

of, 14, 146. 
manurial value of, 10, 421, 14, 

146. 

mineral constituents in, 10, 174. 

oat, composition, 20, 32. 

oat, heat value of, 20, 54. 

wheat, fertilizing value of, 14, 76. 

Strawberries, comparative yield, 14, 317, 

318, 319. 

cost of shading, 28, 231. 

crossing, 8, 307, 9, 274. 

descriptions of varieties, 8, 300, 9, 

258, 271, 10, 460, 11, 684-686, 
21, 357, 25, 401-411. 

desirable, 23, 400. 

discussion of, 10, 457, 11, 681. 

early varieties, 16, 279, 281, 17, 

502, 21, 356, 25, 399. 

effect of shading on earliness, 23, 

242; general quality, 23, 243; 

pollination, 23, 240; size, 23, 

2438. 

fertilizers for, 14, 113, 25, 411. 

figures of seedlings, 9, 272. 

irrigation tests, 3, 325. 

late varieties, 16, 279, 281, 17, 502, 

21, 356, 25, 399. 
long-season varieties, 21, 356. 
notes on culture, 17, 493. 

on size of fruit, 25, 400. 

on varieties, 2, 226, 12, 657— 

676, 14, 311-314, 15, 358-— 

375, 16, 273-278, 17, 494~— 

500, 25, 398, 399. 

plant food constituents in, 24, 373. 

plant-making capacity, 25, 401. 

preparation of ground for, 25, 411. 

productive varieties, 10, 467, 11, 

689. 

productiveness, 19, 268, 25, 401. 

ranked according to yield, 14, 318. 

season of ripening, 25, 399. 

selection of plants, 25, 413. 

varieties, 25, 412. 2 

shading, 23, 23, 229. 
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Strawberries, summer treatment, 25, 413. 
test of varieties, 5, 253, 6, 333, 7, 

229, 8, 298, 10, 464, 467, 12, 

657, 17, 492, 21, 351, 25, 22, 

3899. 

varieties grown, 4, 252, 7, 95, 102, 

11, 689, 14, 320, 15, 376, 16, 

282. 

winter treatment, 25, 413. 
ylelds, 10, 468, 11, 686-688, 16, 

278, 280, 17, 501, 21, 354. 

effect of shading, 23, 240. 

Strawberry blight, varieties affected, 9, 

270. 

blossoms, 

358. 

thrips in, 6, 316. 

bulletin, 10, 13. 

crosses, 11, 682, 12, 677. 

crown borer, 18, 464. 

cultural direction, 25, 411. 

disease of, 10, 467. 

diseases in the Hudson Valley, 18, 

216; notes on leaf spot, 18, 463; 

prevalence, 19, 209. 

effect of pollen, 4, 255, 5, 174. 

grubs, 14, 371, 18, 464. 

insects, notes on, 10, 466, 14, 371, 

18, 464, 465. 

leaf-blight, 11, 682, 14, 370; use 

of fungicides for, 10, 458. 

spot, potassium sulphide for, 

6, 351. 

mildew, notes on, 5, 275. 

notes on, 4, 253. 

plants, cost of, 10, 459; kinds to 

set, 10, 459; selection, 25, 413; 

skill in setting, 10, 459. 

raspberry, notes on, 17, 509. 

roots, character, 2, 219. 

saw-fly, 18, 465. 

soil for, 25, 411. 

varieties affected by blight, 9, 270. 

Straws, composition, 5, 342, 6, 426, 460, 

7, 238, 243, 8, 94. 

value, and fertilizer value, 9, 

56. ‘ 

digestibility, 5, 346. 

digestible matter in, 8, 100. 

fertilizer constituents in, 10, 421. 

Streaked cottonwood leaf-beetle. (See 

Cottonwood leaf-beetle. ) 

Striped cucumber beetle, 14, 566; bean 

plant as repellant, 7, 149; coverings 

to prevent injury, 5, 170, 18, 262; 

damage, 16, 347; description, 18, 259 ; 

distribution of, 14, 566; experiments 

in combating, 18, 270; habits and life 

history of, 14, 567, 18, 254; notes on, 

15, 525; parasites of, 18, 260; pre- 

ventive measures, 14, 569, 18, 262; 

remedies for, 14, 572, 18, 261; re- 

effect of frost on, 21, 
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Striped cucumber beetle — Continued, 

pellants and drivers, 18, 266; sexual 

development of, 18, 277; mixtures 

for, 15, 609; trap crops in combating, 

18, 264; treatment, 2, 220, 3, 316, 

15, 526. 

Structure of apple blossom, 19, 395, 

seeds and specific gravity, 23, 376. 

Student assistants, selection of, 18, 7. 

Sturtevant, EH. Lewis, Director, 1, 4; 

Report as Director, 1, 5, 2, 9, 3, 10, 

4, 7, 5, 7, 6, 3; resignation, 7, 3. 

Sub-earth ducts for cheese curing room, 

20, 216. 

Subsoiling experiments, 8, 294. 

Suckers, propagation of gooseberries 

from, 15, 332. 

Sugar and syrup production 

York, 10, 25. 

as preservative in canning, 23, 49. 

average amount in milk, by breeds, 

in New 

uk Era iaiae 

percentage of, in milk, 11, 130. 

beet crop, educational value, 16, 

2038; industry, conditions favor- 

ing, in New York State, 16, 582; 

outlook for, 16, 581; unfavorable 

conditions, 16, 584; leaf scorch 

of, 18, 154; seed, quality, 16, 

194. 
beets, 12, 176; analysis, 16, 14, 

191; available sources of plant 

food, 16, 196; co-efficient of 

purity, 17, 438; co-efficient of 

purity, when grown with fer- 

tilizers, 20, 228, 231, 232; co-efti- 

cient of purity, when grown with 

manure, 20, 229, 230, 231, 232; 

commercial fertilizers vs. stable 

manure, 17, 455; composition, 

17, 444; conditions for growth, 

16, 188; co-operative experi- 

ments, 17, 482: cost’ of fer- 

tilizers, 16, 196; cost of growing, 

17, 438; cost of production, 16, 

189, 202; per acre at Station, 16, 

598; effect of different quanti- 

ties of fertilizer, 17, 448; effect 

of distance in row, 17, 456; ef- 

fect of fertilizers on sugar, 17, 

441; effect of fertilizers on yield, 

17, 441; effect of stable manure 

on, 17, 452; experiments, 16, 

588, 17, 29; farm manures for, 

17, 30; fertilizer constituents in, 

14, 98, 16, 195; fertilizer ex- 

periments, 16, 594; fertilizer, 

formulae for, 16, 196; food 

value, 16, 555; grown in different 

States, sugar in, 16, 193; growth 

with fertilizers, 20, 227, 231, 

232; growth with manure, 20, 

22 Oo Mao aol eeoo. neat. value 
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Sulphate of ammonia, 14, 623 ayvail- 
ability of, 14, 87; nitrogen in, 

14, 62, 64. 

Sugar beets — Continued. 

of, 20, 54; harvesting, 16, 592; 

influence of fertilizers, 17, 440; 

influence of manure on, 20, 25, 

2238, 230, 231, 232; influence of 

manure on tops and roots, 20, 

234; investigation, 17, 4380; 

marker for planting, 16, 590; 

market price, 16, 203; methods 

of cultivation, 16, 197; percen- 

copper for potato scab, 6, 313, 7, 

224, 

iron, for potato scab, 6, 313, 7, 224. 

lime, 14, 59. 

potash, 14, 73; and magnesia, 14, 

73; availability of, 14, 87; for 

potato scab, 6, 3138, 7, 225. 
tage of sugar in, with fertilizer, 

20, 228, 231, 282; percentage of 

sugar in, with manure, 20, 229, 

Sulphide of potassium for carnation 

rust, 15, 469; formula, 15, 468. 

Sulphur, action in plants, 14, 55. 
231, 282; plant food required, 16, 

194; planting at Station, 16, 

589; precaution in use of fer- 

tilizers, 16, 197; profit and loss 

in growing, 16, 203, 17, 440; 

purity of solids, 16, 188, 198; 

results at Station, 16, 592; rich- 

ness in sugar, 16, 188, 190; rota- 

tion, 16, 197; soil, planting and 

cultivation at Station, 16, 589; 

soil, required, 16, 197; test of 

varieties, 17, 456; time of plant- 

ing and harvesting, 16, 198; 

varieties, 16, 194; yield, 16, 189, 

200, 17, 487; at Station, 16, 

593; yield of sugar in, with fer- 

tilizers, 20, 228, 231, 232; yield 

of sugar in, with manure, 290, 

220 Roe Bolero oe 

in amber cane, 1, 28; apple at dif- 

ferent dates, 23, 143; beets, cli- 

mate affecting, 16, 193; beets, 

conditions influencing, 16, 1938; 

beets, factors affecting, 17, 437; 

beets, effect of fertilizer, 17, 441; 

beets grown in different States, 

LG LOSterconn sstalkeweryeel. s, 

and lime, method of applying for 

onion smut, 19, 91. 

description, etc., 14, 45. 

for potato scab, 6, 318, 7, 224. 

fumigation for prevention of carna- 

tion rust, 15, 491. 

lime treatment for onion smut, 19, 

69; experiments, 19, 75, 76. 

potash wash. (See Potash-sulphur 

wash.) 

relation to fertilizers, 14, 50. 

sprays for San Jose scale, 22, 30. 

washes, effect on aphis, 24, 316, 

817; effect on apple scab, 24, 

308, 309, 311; effect on apples, 

24, 303, 305, 306, 307, 308; ef- 

feet on coddling moth, 24, 304, 

808, 3820; effect on peach leaf 

curl, 24, 331; effect on pear 

psylla, 24, 318; effect on San 

Jose scale, 24, 304, 309, 3138; 

effect on scurfy bark louse, 24, 

814; fall spraying with, 24, 327; 

fall use, 23, 20, 206; for orchard 

treatment, 24, 297; for pear 

psylla, 23, 224; formulas, 24, 

82; early and late cut timothy, 328, 329, 330; results and con- 
6, 414; feeding stuffs, 6, 429, clusions, 24, 322; results from 
16, 543; milk, 10, 57, 91, 98, fall spraying with, 23, 212. 

108, 105, 141; milk of differ- | guiphuric acid, action on casein, 25, 
ent breeds, 12, 116, 121; milk, 251. 

percentage changes during lac- Summer Rambo group of apples, 25, 

tation, 10, 86, 106, 12, 99, 104; 348. 

milk, variation in, 10, 1389; sor- 

Phim, 2441320, 88569) TA5e1 Tt: 

sorghum and corn, 2, 157; sugar 

beets, yield with fertilizers, 20, 

228, 231, 232; sugar beets, yield 

with manure, 20, 229, 231, 232. 

methods for estimation, 2, 170. 

milk. (See Milk sugar.) diseases of, 15, 455. 
production, size of beets for, 16, notes on, 2, 144. 

198. Sunscald influencing apple canker, 19, 

richness of beets in, 16, 188, 190. 346. 
yield per acre, 16, 202. preventive wash, 19, 347. 

Sugars and starch in food fed each strawberry, occurrence, 18, 213. 
month, 10, 43, 74, 91, 105, 106, 11, Sunshine for growth of sugar beets, 16, 
106, 12, 92, 109. 194, 

treatment of strawberries, 25, 413. 

with limesulphur compounds, 

21, 335. 

Sun-crack of apple trees, occurrence, 

18, 193. 

Sunflower, composition, 2, 145. 
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Sunshine records, 4, 334, 5, 10, 328, 6, 

398, 7, 377, 8, 387, 9, 454, 10, 505, 

511, 11, 707, 713, 12, 724, 730, 18, 

774, 15, 701, 707. 

Superphosphate of lime, 14, 69; avail- 

ability of, 14, 65. 

Superphosphates, phosphoric 

14, 69. 

Support of Station, 22, 12. 

Surekill, tests of, 25, 291. 

Survey, fruit disease of Western New 

York, 19, 167. 

Swan, Robert J., on Board of Control, 

meer Teporis, 1, 3,-2, 0, 3, 7. 

Sweet Bough group of apples, 25, 348. 

Sweet clover as a cover crop for or- 

chards, 15, 448; composition of 

different cuttings, 5, 350; for 

forage, 5, 135. 

corn, 12, 559; bacterial disease, 16, 

18, 401; plant food constituents 

in, 24, 374; variety test, 1, 135. 

flavor in cheddar cheese, 19, 40. 

potatoes, notes on varieties, 8, 326; 

tests of varieties, 8, 325, 9, 296. 

vernal grass, notes on, 1, 77. 

william, Rhizoctonia on, 19, 117. 

Swelling of canned peas, cause deter- 

mined, 23, 53. 

study, 23, 47. 

Swine, clover vs. oats and peas, for, 9, 

152. 

crossbred, feeding trials with, 14, 

480, 488, 15, 658. 

daily feed for, 9, 149. 

experiments at Station, outline, 9, 

100. 

feed and grain, 9, 150. 

feeding bulletins, contents of, 10, 

a 

experiments, 9, 141, 10, 202, 

11, 25, 283, 286, 15, 31. 

salt to, 10, 202. 

mangels for, 9, 158. 

prickly comfrey for, 9, 148. 

salt for, 9, 148, 10, 202, 205. 

silage for, 9, 141. 

sorghum for, 9, 156. 

Swiss chard, notes, 1, 122, 12, 557; 

root system, 3, 311; variety tests, 2, 

178. 

Sycamore, disease of, 15, 457. 

Symphytum asperrimum. (See Prickly 

comfrey.) 

Synonyms for lettuce varieties, 4, 161; 

oat varieties, 4, 131; tomato vari- 

eties, 4, 210. 

Syntonin and albumin 

mination, 21, 214. 

Syrphus fly larvae attacking plant lice, 

16, 479. 

acid in, 

in milk, deter- 

15 
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Systena hudsonias on nursery stock, 16, 

465. 

Syrup, sorghum for, 8, 35. 

Tall fescue, notes on, 2, 147. 

. Meadow oat grass, notes on, 2, 146. 

Tallow, feeding to hens, 10, 194, 
Tamworth-Duroe cross pigs, details of 

experiments with, 14, 480, 488, 

493 ; rate and cost of growth, 15, 

659, 661. 

pigs, details of experiment with, 

14, 478, 485, 491. 

Poland China cross pigs, details of 

experiments with, 14, 481, 487; 

rate and cost of growth, 15, 

659, 661. 

-Yorkshire cross, rate and cost of 

growth, 15, 659, 661. 

Tank spraying outfits with hand pump, 

22, 364. 

Tiankage, nitrogen in, 14, 64. 

Tanks, description, 22, 360. 

Tannin and sodium chloride method for 

peptone, 21, 202. : 
Tansy, garden, plent food constituents 

in, 24; 375. 

Tares, tests of, 1, 73. 

Tarnished plant bug on 

284. 

Tarragon, 

24, 375. 

Taylor Bros., potato spraying experi- 

ment by, 25, 135. 

L. H., potato spraying experiment, 

24, 148. 

Orrin M., appointment, 20, 10; bul- 

letins by, 21, 351, 22, 321, 23, 

229 ce RA BOD, A AOD te ORS. ALD: 

Foreman in Horticulture, 20, V. 

Technical Bulletin No. 1, reprint, 25, 

56; 2, reprint, 25, 188; 3, re- 

print, 25, 203, 278. 

bulletins, list of, 25, 24. 

Telenomus clisiocampae, enemy of tent- 

caterpillar, 17, 377. 

Temperature, affecting loss of weight in 

cheese, 20, 202. 

and crops, relation, 5, 42. 
comparison of ordinary and high, 

in heating curd, 11, 449. 

constant, apparatus for, 6, 355. 

control in biological and_= dairy 

building, 16, 9. 

in cheese curing room, 20, 196, 

216. 

effect of shade on, 23, 232, 254. 

on action of acids on casein, 

25, 232; on distribution of 

# apples, 25, 351; on germina- » 

tion, 4, 74; on position of 

roots in soil, 6, 94. 

peaches, 19, 

plant food constituents in, 
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Temperature extremes and 

370, 8, 378, 9, 446. 
for germination of corn, 4, 84. 

for growth of sugar beets, 16, 193. 

high, effect on odors in milk, 19, 

33. 

influence on creaming of milk, 8, 

210. 

low, cause of slow fermentation in 

vinegar- making, 23, 168. 

effect on new apple rot, 21, 

159. 

of churning, 8, 207, 10, 316; in- 

fluence of advancing lactation 

upon, 10, 385. 

of forcing house, 16, 254. 

of milk in cheese-experiments when 

rennet was added, 11, 317. 

of processing peas to destroy bac- 

range, 7%, 

teria, 23, 57. 

ranges in fruit storage house, 23, 

254. 

records, air, 2, 33, 34, 3, 404, 405, 

4, 362, 363, 5, 356, 357, 6, 470, 

471, 7, 384-389, 8, 395-397, 9, 

462-464, 10, 512-514, 11, 714- 

716, 12, 731-733, 13, 777-779, 

15, 708-710, 16, 624-626, 17, 

574-576, 18, 474-476, 19, 468, 

459, 475-477, 20, 415-419, 21, 

448-450, 454-456, 22, 457-462, 

23, 435-440, 24, 386-391, 25, 

460-469. 

records, soil, 2, 33, 34, 3, 407-410, 

4, 356-361, 5, 358-364, 6, 472-— 

478, 7, 390-403, 8, 398-404, 9, 

465-470, 10, 515-521, 11, 717—- 

723, 12, 734-739, 18, 780-785, 

15, 712-717, 16, 628-634. 

relation to acetic fermentation in 

cider, 23, 150; alcoholic fer- 

} mentation in cider, 23, 146; 

cheese ripening, 22, 250; 

growth of crops, 5, 7; mottled 

butter, 24, 285. 

used in heating curd, 11, 321. 

Tent-caterpillar. (See Apple-tree tent- 

eaterpillar. ) 

(See Forest tent-caterpillar.) 

Tents for fumigating, 20, 307. 

fumigating, estimation of contents, 

20, 314. 

Teosinte, tests of, 1, 73. 

Terwilliger, Jennie, Clerk and Stenog- 

rapher, 17, V. 

Testing fruits, 14, 249, 15, 267. 

VYetofsky group of apples, 25, 349. 

Tetramethylenediamine in cheese, 21, 

226, 22, 174. 

Tetranychus telarius. (See Red spider.) 

INDEX TO First TWENTY-FIVE REPoRTS. 

Texture of cheese, affecting loss of 

weight, 20, 202; relation of condi- 

tions of ripening to, 22, 268. 

Thawing, rapid, injurious to 

pear trees, 20, 145. 

Thermometer readings. 

ture records.) 

Theronia fulvescens, enemy of tent-cater- 

pillar, 17, 377. 

melanocephala, enemy of tent-cater- 

pillar, 17, 377. 

Thimbleberry and _ blackberry, 

fertilization, 7, 233. 

and raspberry, cross-fertilization, 

Wel certs 

seedlings from, 5, 167. 

Thinning apples, bulletin on, 22, 293; 

cost, 22, 320; directions for, 22, 

819; effect on color, 22, 310; 

effect on market value, 22, 312; 

effect on size, 22, 311; effect on 

production, 22, 313; methods 

used, 22, 297, 299, 307, 317; 

notes on, 18, 17; profitableness, 

22, 318; summary of work, 22, 

3h. 

ETM ts Des nis. 

stone fruits, notes on, 18, 18. 

Thrips in strawberry blossoms, 6, 316. 

on cut leaved birch, spraying for, 

16, 466. 

onion, notes on, 15, 612. 

tabici, notes on, 15, 612. 

Thomas slag, phosphoric acid in, 14, 71. 

Thompson, F., Assistant Chemist, 16, V. 

Thyme (French), plant food constitu- 

ents in, 24, 375. 

Tibballs, W. I., Assistant Chemist, 9, V. 

Tile drain clogged by fungus, 20, 18, 

154. 

Tillage, influence on depth of roots, 7, 

ial 

severe, effect on wheat plants, 1, 32. 

Tillering of cereals, 5, 118. 

Time of churning, 10, 316. 
relation to acetic fermentation of 

cider, 23, 149; alcoholic fermen- 

tation in cider, 23, 145; cheese 

ripening, 22, 247. 

Timothy and clover hay, analysis of, 

stored 

(See Tempera- 

cross- 

10, 40. 

early and late cut, ash analyses, 6, 

416; composition, 6, 411; di- 

gestibility, 6, 415; nitrogen in, 

G, 414; sugar and starch in, 6, 

414, 

food value, 16, 555. 

hay, fertilizing materials contained 

in, 14, 93; value of, 14, 76. 

influence of fertilizers on compo- 

sition, 6, 441. ; 

notes on, 2, 147. : 
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Timothy rowen forage, analysis of, 10, 

40. 

seed, germination, 28, 357. 

Tip burn of cauliflower, 18, 164. 
Tischeria malifoliella. (See Apple Leaf 

miner.) 

Tmetocera ocellana. (See Bud moth.) 

Toad-flax, anthracnose of, 20, 148. 

Tobacco as an insecticide, 14, 388, 22, 

242. 

ash analysis, 2, 1€% 

change in varieties, 3, 327. 

eoncentrated extract for plant lice, 

16, 475. 

eultivation tests with, 1, 152. 

distance experiment, 1, 152. 

dust, 14, 573. 

early vs. late, 2, 229, 3, 328. 

effect of fertilizers on, 1, 153; 

priming, 1, 153: splitting stalk 

on curing, 2, 230. 

experiment with fertilizer, 3, 326. 

fertilizer experiments, 2, 227. 

fertilizers for, 14, 113. 

fertilizing materials contained in, 

14, 93. 

hanging, test of methods, 1, 153. 

influence of manure upon, 1, 151. 

notes on culture, 1, 148. 

planting, early vs. late, 1, 153. 

pole burn, notes on, 2, 231. 

precaution in use of fertilizers, 197. 

seed bed experiment, 1, 151. 

germination of, 2, 61. 

soap for potato beetle, 6, 98. 

stems, potash in, 14, 73, 74. 

Tomato, black-rot of, 14, 376, 529, 531. 

bordeaux mixture against black-rot 

of, 14, 530. 

classification, 6, 280. 

composition of, 1, 24. 

corn worm attacking, remedies for, 

14, 568. 

cross-fertilization, 3, 227, 4, 210. 

description, 6, 287. 

disease, new, 16, 271. 

diseases of, 3, 379. 
early upright variety, 5, 

figure, 5, 169. 

effect of heredity on cells, 3, 226, 

4, 212. 

green vs. ripe seed, 3, 224, 9, 299. 

heredity and vigor, 5, 169. 

hot bed vs. open ground, plants, 3, 

226. 

index to varieties, 6, 303. 
: key to varieties, 6, 285. 

notes on varieties, 6, 328, 7, 139, 

F OP 20%, 

‘ roots, character of, 2, 219. 
rot, notes on, 3, 227, 380, 4, 210, 

i 276, 5, 273. 

169 ; 
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' Tomato seed, germination of, 2, 61. 

test of, 8, 329. 

seeds, early and late germinating, 

4, 211. 

strawberry, variety tests, 5, 2 
test of varieties, 1, 138, 2, 

Spel te, M200), 24D; dyn 138, 

8, 328, 10, 489, 11, 700. 

use of immature seed, 4, 209. 

variation in, 2, 39. 

varieties, synonyms, 4, 210. 

worm, 14, 604. 

Tomatoes, 12, 591. 

benching, 16, 258; description of 

varieties, 8, 327, 10, 489. 

fertilizer test, 10, 487. 

fertilizers for, 14, 114. 

fertilizing materials contained in, 

14, 93. 
forced, results from fertilizers, 10, 

488, 

forcing, 16, 17, 245. 

experiment, yield, 16, 249. 

green, rot in, notes, 3, 379. 

methods of benching, comparison, 

16, 270. 

plant food constituents in, 24, 374. 

potting soil, 16, 255. 

ripe, rot in, notes, 3, 380. 

single stem vs. three stem training, 

test, AG; 247,270. 

spraying, 14, 529, 530. 

temperature for forcing, 16, 254, 

transplanting to bench vs. keeping 

in pots, 16, 262. 

yields, 10, 489. 

Tompkins King group of 

349. 

Tools and implements, agricultural, ex- 

hibition proposed, 7, 42. 

Tops and roots of sugar beets, influence 

of manure, 20, 234. 

Tottingham, William E., appointment, 

24, 9; Assistant Chemist, 24, VII; 

resignation, 25, 8. 

Towers, description, 22, 359. 

Trade values of fertilizer ingredients. 

15, 140, 16, 35, 17, 97, 280, 18, 224, 

585, 21, 410, 23, 392, 400. 
285, 21;5410°. 

Training tomatoes, comparison of 

methods, 16, 270. 

single stem vs. three stem, test, 

16, 247. 

Transient products in cheese ripening, 

22, 262. 

Transpiration, excessive, 

seorch, 18, 154. 

Transplanting cabbage, effect on head- 

ing, 5, 189. 

preventive of onion smut, 19, 74. 

apples, 25, 

causing leaf 
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Treasurer, Report of, 2, 7, 3, 9, 4, 5, 

5, 5, CLO er RaieS, Os, 20;)4, Aes: 
PEGG; CLAP ease are, ARS 
LG3s Le LA Sd Lo ee 2 eee 

SARIN Sees Sas! ae a a 
Tree cricket, injuries to raspberry, 190, 

471. 

Trees, deciduous, in arboretum, 9, 347. 

dormant, kerosene as spray on, 8, 

362. 
effect of crude petroleum on, 20, 

Dio, vak 268 2igw oko Gen Vvaro- 

cyanic acid gas on, 20, 292, 294; 

Kerosene on, 21, 265. 

evergreen, in arboretum, 9, 350. 

girdled, repair, 21, 403. 

injury by mice or rabbits, treating, 

21, 401. 

small, fumigator for, 19, 287. 

Tricupric orthophosphate mixture, 

675. 

Trifolium hybridium. (See Alsike clover.) 
Truck, description, 22, 360. 

Tuberculin, application of, 25, 35. 

preparation of, 25, 35. 

tests of Station herd, 25, 45. 

Tuberculosis, control, 25, 16. 

controlling. (See Bang method.) 

nature of, 25, 29. 

outbreak at Station, 25, 37. 

test of Bang method of controlling, 

25, 27; ~ 

11, 

Tuberculous cows, autopsy on, 25, 53; 

sale for beef, 25, 51. 

herd, plan for handling, 25, 43. 

Tubers, composition, 6, 459, 8, 94. 

digestible matter in, 8, 101. 

fertilizer constituents in, 10, 422. 

Turnips, classification of varieties, 6G, 

168. 

description of varieties, 6, 169. 

flea beetle, insecticides for, 3, 315. 

index to varieties, 6, 184. 

root system of, 5, 160. 

Turnips, 12, 597. 

fertilizers for, 14, 114. 

fertilizing materials contained in, 

14, 98. 

2 fiat, Macrosporium herculeum on, 

15, 451. 

from seeds of different character, 3, 

199. 

plant food constituents in, 24, 374. 

Swedish, from seeds of different 

specific gravity, 238, 366. 

value of, 14, 76. 

variety tests, 1, 124, 3, 197, 4, 141. 

Tussock-moth, white-marked, Orgyia 

leucostigma, 14, 552. 

Tuttle, Adrian, on Board of Control, 9, 

ve 

Twenty Ounce group of apples, 25, 349. 

) 

INDEX TO First TWENTY-FIVE REPORTS. 

Twig blight of apple, occurrence, 18, 

191; prevalence, 19, 173. 

Tyloderma fragarie, notes on, 18, 464. 

Typhlocyba vitifer, notes on, 18, 435. 

Tyrosine in chloroform cheese, 22, 175. 

in normal cheese, 22, 172. 

Udder, bacteria in, and enzyms in milk, 

20, 183. 

Udell, H. G., letter regarding apple rot, 

21, 153. 

Unavailable plant food, 14, 48. 

Uncinula spiralis. (See Grape powdery 

mildew. ) 

Union and Advertiser, article on new 

apple rot in, 21, 152. 

Unmixed fertilizers, economy 

chasing, 14, 115. 

materials, where to purchase, 14, 

119. ; 

United States Department of Agricul- 

ture, co-operation in apple storage, 

23, 21; in cheese curing, 22, 220. 

Uredo mulleri. (See Yellow fall rust of 

blackberry. ) : 

Urine, actual and calculated heat value, 

20, 55. 

eattle, for oat smut, 5, 129: 

partial composition, 16, 504. 

Urner, Frank A., appointment, 22, 11; 

Assistant Chemist, 22, VII; bulletin 

by, 238, 122; resignation, 24, 8. 

Urocystis cepule. (See Onion smut.) 

in pur- 

Uromyces .appendiculatus. (See Bean 

rust. ) 

caryophyllinus, host plants, 15, 

467. 

history and distribution, 15, 

463. 

(See also Carnation rust.) 

phaseoli. (See Bean rust.) 

trifolii on clover, 15, 458. 

Use of farm-manures, 14, 122. 

Ustilago segetum (See Oat smut.) 

Utensils employed in making edam 

cheese, 12, 251; gouda cheese, 12, 

266. 

Valuation, commercial and food, of 

feeding stuffs, 9, 47. 

and selling price of fertilizers, 

11, 215, 16, 140, 21, 411. 

of food constituents in feed, 9, 50. 

of food used in poultry feeding, 

18, 78. 
of muriate of potash, to make, 14, 

136. 
Value and composition of farm animals, 

14, 148. 

“of farm crops," 8)"S2, ; 

of rations, calculation, 16, 531. 

Vandevere group of apples, 25, 349. 
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Van Slyke, D. D., bulletin by, 25, 203, 

278. 

Lucius L., articles by, #0, 165, 194, 

391, 396; bulletins by, 15, 37, 66, 

fi te. AG, 31, 136, 188, 17, 

93, 276, 430, 18, 221, 231, 237, 
19, 438, 449, 21, 167, 194, 216, 

407, 434, 22, 165, 188, 218, 243, 

300, =o, O1, 122, 133, 389, 397, 

Biwi, cic, coo, #0, 200, 218; 

Chemist, 9, V; report as Acting 

Director and Chemist, 14, 5; 

reports as Chemist, 9, 170, 10, 

Zie, 11, 295, 12, 239, 13, 263, 

Van Valkenburgh, B. F., supervision of 

cheese curing experiment, 22, 220. 
Van Voorhis, H., potato spraying ex- 

periment, 24, 160. 

Varieties from foreign sources, tests of, 

W731. 

maturity and depth of root, rela- 

tion, 5, 162. 

of apples, distribution, 25, 338; for 

New York, 25, 337; life in stor- 

age, 23, 255. 

of fruit at Station, 16, 17. 

of sugar beets, 16, 194. 

of vegetables, study and classifica- 

tion, 6, 116; synonyms, 3, 288. 

Variety tests of apples, 11, 586, 12, 

599; barley, 1, 34, 2, 141, 8, 288; 

beans, 4, 218, 5, 250, 7, 110, 8, 314, 
10, 475; beets, 2, 176, 4, 137, 5, 

233, 7, 117, 8, 273; blackberries, 5, 

256, 12, 626, 16, 284, 17, 492, 28, 

22, 448; cabbage, 1, 130, 2, 186, 8, 

208, 4, 149, 5, 179, 7, 118, 9, 2887 

carrots, 2, 179, 3, 193, 4, 138, 5, 

235, 8, 275; cauliflower, 1, 134, 2, 

isi, co, 223. 4, -154,. 7,119, .9, 288; 

celery, 2, 190, 3, 213, 4, 203, 5, 241; 

corn, 1, 55, 393, 8, 266; cucumber, 

2, 186, 3, 206, 4, 146, 5, 239, 7, 122; 

currant, 3, 222, 5, 257, 12, 614, 15, 

300; dewberries, 12, 634, 16, 281; 

egg plant, 5, 243; grape, 4, 252, 8, 

aus, oot, 9, 347, .11, 639,, 12, 617, 

624; gooseberries, 3, 23, 7, 96, 100, 

&, 257, 8, 312, 12, 614, 15, 311: 
lettuce, 1, 136, 2, 189, 3, 214, 4, 157, 

», 229, 7,122; melonsz 1, 127, . 2, 

185,20, 202, 4, 144, 5, 237, 7, 1238, 

127; oats, 1, 35, 3, 399, 401, 4, 56; 

okra, 4, 217, 5, 249, 7, 130; onion, 1, 

125, 2, 183, 3, 200, 4, 142, 5, 236; 
parsley, 2, 208; parsnip, 2, 180, 4, 

139; peas, 1, 139, 2, 196, 3, 228, 4, 

212, 5, 247, 7, 131, 8, 319; peppers, 
1, 137, 2, 192, 4, 204, 5, 244; pota- 

toes, 1, 71, 602, 2, 211, 3, 293, 4, 

222, 228, 231, 5, 140, 6, 76, 7, 158, 8, 

321, 9, 293, 10, 483; pumpkin, 4, 

1 Variety tests of — Continued. 

221, 5, 241; quince, 3, 22, 7, 94, 100, 

8, 352, 357, 12, 611, 14, 268, 15, 
287; radish, 3, 194, 4, 140, 5, 235; 

raspberry, 3, 322, 4, 252, 5, 255, 7, 

U5, luo eels Soc ouS, FLL,. COL “12, 

653, 12, 635, 641, 644, 653, 14, 310, 
15, 357, 16, 284, 298, 17, 492, 25, 

22; rutabaga, 2, 182, 3, 199, 4, 142; 

SOLSMUM MASE t eee BLOs,) aS. OG elo, 

208; spinach, 2, 207, 3, 283, 4, 215; 

squash, 1, “129, 2, 185, 3, 205, 4, 

148, 5, 240; strawberry, 5, 253, 6, 

333, 7, 229, 8, 298, 10, 464, 467, 12, 

G51,,1G6, 27), 17, 402: 21, 351, 25, 

22; sugar beets, 17, 456; sweet corn, 

1, 135; sweet potatoes, 8, 325, 9, 

296; tomato, 1, 138, 2, 193, 3, 321, 

4, 205, 5, 245, 7, 128, 8, 328, 10, 489, 

11, 700s tarnip, 3,124, 3. 197, 4; 

141; watermelon, 7, 127; wheat, 4, 

121, 9, 369; limitations, 5, 71; pur- 

pose, 5, 71, 15, 22; scope, 15, 22; 

utility, 4, 57. 
Vegetable foods, gain of poultry on, 17, 

51, 55, 58, ‘61. 

nitrogen compounds in fertilizers, 

14, 62, 64. 

novelties, tests of, 7, 109. 

Vegetables, analyses, 2, 151, 3, 333. 

and fruit, exhibit of, at World’s 

Fair”. 220)°913S: 

composition and value of, 14, 148, 

cross-fertilization, 2, 222. 

garden, notes on, 6, 316. 

grown for exhibition, 12, 545. 

manurial value of, 14, 148. 

miscellaneous, notes on, 2, 210, 3, 

285. 
root studies of, 4, 262, 267. 

study and classification of varieties, 

6, 116. 

Vegetation of beans, 8, 368. 

of corn, 2, 139. 

relation to germination, 2, 260, 

Ventilation of silo, 15, 653. 

of stable, 25, 106. 

Venturia inequalis, notes on, 18, 402. 

(See also Scab, apple.) 

pirina, notes on, 18, 445. 

(See also Scab, pear.) 

Vermorel nozzle, 16, 226. 

Vetch and rye as a cover crop for or- 

chards, 15, 442. 

Viability of seeds and specific gravity, 

correlation, 23, 362. 

Vinegar, cider, acetic acid in, 23, 164; 

below standard, conditions pro- 

ducing, 23, 167; chemistry of, 

23, 133; experiments in making, 

23, 19; legal standards for, 23, 

163; malic acid in, identification 
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Vinegar — Continued. 

of, 23, 161; methods of deter- 

mining solids, 238, 165; solids, 

23, 161, 164. 

effect of adding, on acetic fermenta- 

tion of cider, 23, 152. 

home-made, study of, 23, 1338. 

loss of acetic acid on standing, 23, 

155. 

making at home, directions, 23, 

169; care necessary after acid is 

formed, 23, 168; experiments, de- 

tailed results, 23, 171-184; low 

temperature retards, 23, 168; 

necessity of air in, 23, 168; un- 

favorable fermentation conditions, 

23, 167. 

poor, from dirty fruit, 23, 168; 
poor apple juice, 23, 167; unclean 

barrels, 23, 168. 

study, 16, 15. 

variations under 

tions, 23, 156. 

Vineyard interests of New York, 10, 21. 

sprayers, 22, 368. 

Violet, Rhizoctonia on, 19, 118. 

Viscometer, use of, 6, 382. 

Viscometry, apparatus, figure, 5, 298. 

Viscosity, measurement, 5, 297. 

of butter soaps, 5, 318, 6, 380. 

of milk, 5, 303. 

Volunteer potato spraying experiments, 

24, 143, 25, 168; summary of re- 

sults, 24, 176, 25, 164-167. 

uniform condi- 

Walker, C. C. B., on Board of Control, 

4, 4. 

Walnut, Japan, effect of 

acid gas on; 20, 298. 

Ward, Chas. W., on Board of Control, 

22, VII. 
Warming water for cows, figure, 8, 291. 

Wash for tree trunks, 18, 343. 

lime-sulphur-soda. (See 

phur-soda wash.) 

Water, action in plants, 14, 52. 

_ condensation on soil, 7, 196. 

~ consumed by animals in food and 

drink, 11, 141. 

drunk by cows, 5, 24. 

effect on distribution of apples, 25, 

350. a 

height in wells, 6, 115, 7, 197, 8, 

374. i 

raised by capillarity, 7, 194. 

hot, for plant lice, 16, 476. 

in cheese, 11, 365, 12, 399; effect 

on commercial quality, 20, 210; 

market value of, 15, 90, 92; 

value to consumers, 20, 212; 

value to dairymen, 20, 209. 

hydrocyanic 

Lime-sul- 

INDEX TO First TWENTY-FIVE REPORTS. 

’ Water in farm products, 6, 437; food 

and water drunk, comparison of, 

11, 142; milk, general average 

of, 10, 141; soaps, 28, 127; soil,. 

movement during percolation, 7, 

191; soil, study of movements, 6, 

101; wells, changes of height, S8,. 

374. 

percentage in cheese, 20, 211. 

soluble, definition of term, 17, 108. 

products in cheese, extraction,. 

21, 198. 

supply for Station, 7, 36, 364, 

10, 1. 
table, effect of level on crops, 6, 

hie 

warm for milch cows, 8, 290. 

Watermelons, 12, 572. 

fertilizers for, 14, 114. 

notes on varieties, 7, 129. 

spraying, 16, 366. 

variety test, 7, 127. 

Watson, Robt., appointment, 1, 8; res- 

ignation, 3, 11; stenographer, 1, 4. 

Wealthy group of apples, 25, 349. 

Weather conditions in Western New 

York, 19, 169. 

effect upon lime-sulphur-salt wash, 

21, 290, 294, 298, 302. 

injury to grapes, 19, 189. 

reports. (See Meteorological  rec- 

ords. ) : 

Weed seed, germination of, 2, 61, 6, 

362. 
statistics, 5, 281, 6, 356. 

Weeds, analyses, 2, 150. 

‘effect on crops, 6, 12. 

on yield of corn, 

100, 5, 50. 
fungus parasites, 4, 289. 

notes on, 1, 86, 4, 289. 

on one acre, 5, 282. 

on small area, 1, 85. 

seed production of, 1, 86. 
troublesome to field crops, list, 6, 

360. 

Weevil, clover leaf, disease, 5, 274. 

-eaten peas, vegetation, 3, 236. 

infesting beans, remedy, 14, 3738. 

Weight lost by cheese in cold storage, 

22'°°225. 

different sized cheeses, 22, 227. 
of eggs, 7, 65. 

Welch, Hd. potato spraying experi- 

ments, 22, 143, 24, 160. 

Wellington, Richard, appointment, 265, 

8; Assistant Horticulturist, 25, VII. 

Wells, height of water in, 6, 115, 7, 

197, 8, 374. os 
West Henrietta, potato spraying experi- 

ment at, 24, 110. 

2, ig Tia: 
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Western plateau, New York, apples for, 

25, 367. 

Whalen, W. H., Assistant Chemist, 8, 

Vas 

Whale-oil soap, 14, 388; and crude pe- 

troleum compound for San Jose scale, 

20, 288; effect on leaf blister mite, 

25, 324; for pear psylla, 23, 224; 

for plant lice, 16, 474, 476; for San 

Jose scale, 16, 456, 19, 331; use as 

on insecticide, 22, 339; soaps, analy- 

ses, 23, 126; composition, 23, 18, 

122. 

Wheat and wheat products, composition, 

6, 431. 

bran, analyses, 10, 40, 18, 51; 

composition, 6, 435, 20, 32; 

fertilizing value of, 14, 76; for 

potato scab, 7, 225; nature of 

phosphorus compound in, 23, 19, 

114. 

compacting soils above seed, 6, 62. 

composition, 15, 670, 16, 564. 

constituents in the ash of one ton, 

10, 174. 

depth of planting, 4, 124. 

duplication studies, 6, 41. 

experiments with, 1, 31, 4, 126. 

fertilizers for, 14, 114. 

fertilizing materials contained in, 

14, 93. 

gluten, composition, 

heat value of, 20, 54. 

improvement by selection, 3, 83. 

loss during storage, 3, 79. 

middlings, analyses, 18, 52; com- 

parison of samples, 8, 79; com- 

position, 6, 434, 28, 35. 

notes on vegetation and growth, 2, 

140. ; 

offals, mixed, analyses, 

analyses, 18, 50. 

plants, severe tillage, 1, 32. 

rust, 14, 535. 

selection experiment, 5, 133. 

statistics of growth, 5, 115. 

tillering of, 5, 121. 

varieties, characteristics, 4, 112; 

classification of, 5, 72; descrip- 

tion, 5, 74; relative production 

of, 6, 58. 

variety tests, 4, 121, 6, 58, 9, 369. 

Wheeler, William P., articles by, 15, 

639, 641, 658, 666; bulletins by, 16, 

551, 561, 18, 75, 20, 61, 22; 37, 238, 

31, 24, 27; reports as First Assistant, 

WOO aH. OG. 122 LO 82 1 235, 

12, 212, 13, 180, 14, 391. 

Whey, albumen, 11, 363, 12, 297, 299, 

393. 

casein in, 

392, 393. 

20, 32. 

AS, 52. 

11, 361, 362, 12, 299, 
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Whey, cheese and milk, analyses of, 11, 

310, 12, 253, 288, 328. 

composition of, 11, 358, 363, 12, 

384. 

description of, 10, 229. 

fat in, 11, 360, 12, 389. 

separation from curd in making cot- 

tage cheese, 23, 96. 

solids in, 11, 359, 12, 387. 
time from cutting curd to reves tact 

1B be Pay 

White arsenic an adulterant of paris 

green, 18, 243. 

currants, 14, 287. 

yield of, 14, 288. 

grubs attacking aster plants, 21, 

254. 

marked Tussock-moth, Orgyia leu- 

castigma, 14, 552. 

spraying for, 14, 553. 

rot of grape, description, 9, 324. 

Whole grain, cost of gain of capons on, 

16, 574; gain of capons on, 16, 

572, 577; gain of chicks on, 16, 

566. 
vs. ground grain for chicks and 

capons, 16, 561. 

Wieting, Commissioner Charles A., on 

Board of Control, 24, VII. 

Willard, S. D., address of, on work of 

SES Oded RRP 

Willow beetle or willow bug. 

tonwood leaf-beetle.) 

beetles on Carolina poplars, 14, 

558. 

remedies for, 14, 556. 

Willows, basket, in central New York, 

17, 324. 

notes on culture, 17, 327. 

difficulty of spraying, 15, 544. 

injured by beetle, 14, 554, 17, 327. 

Wilson, L. J., potato spraying experi- 

ment, 24, 149. , 

James, appointment, 25, 90; As- 

sistant Bacteriologist, 25, VII. 

{See Cot- 

Thomas B., on Board of Control, 

21, VII. 

W. D., meteorological data from, 

231% 

Wilt disease of cucumbers, damage by, 

16, 348, 17, 69. 

Wind records, 7, 373, 8, 382, 9, 449, 10, 

500, 11, 703, 12, 720, 18, 770, 15, 

697, 700, 16; 620, 17; 570, ‘571; ° 572, 

18, 470, 471, 472, 473, 19, 471, 472, 

473, 474, 20, 411-414, 21, 452, 453. 

Winds, dry, Norway maples injured by, 

15, 453. 

effect of shade on, 23, 236. 

Winesap group of apples, 25, 349. 

Wing, Henry H., appointment, 1, 2; As- 

sistant, 1, 4; resignation, 3, 11. 
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Winter injured fruit trees, 

24, 230. 

injury to cherries, 18, 198. 

to fruit trees, 15, 27, 408, 24, 

215; effect of environment, 

treatment, 

24, 224; effect of variety, 

24, 226; kinds, 24, 218; 

peach, 18, 207; pear, 19, 

199; raspberry, 18, 218. 

killing, peaches and _ apricots 

stroyed by, 8, 340. 

protection of raspberries and black- 

berries, 25, 448. 

savory, plant food constituents in, 

de- 

24, 375. 

treatment for gooseberry mildew, 

18, 327. 

of strawberries, 25, 413. 

vetch and winter rye as a cover 

crop for orchards, 15, 442. 

Witches’ brooms on cherry, 14, 532, 19, 

186. 

Wood ashes and apple scab, 16, 316; 

effect on apple scab, 16, 17; phos- 

phorie acid contained in, 14, 738; 

potash in, 14, 73, 74. 

Woodbury, potato spraying 

at, 24, 130. 

Wood meadow grass, notes on, 2, 147. 

Woodward, J. S., on Board of Control, 

1, 

Woodworth, 

experiment 

Howard O., appointment, 

21, 9; Assistant Entomologist, 21, 

VII; bulletin by, 28, 187; resigna- 

tion, 22, 11. 

Wool-waste, availability of, 14, 87. 
Woolly louse of the apple, 15, 570; 

bibliography, 15, 577; character of 

injury, 15, 572; distribution, 15, 
571; history, 15. 570: importance in 

New York, 15, 571; life history and 

habits, 15, 575; natural enemies, 15, 

notes on, 16. 458. 18, 415; on 

nursery stock, 15, 574; preventive 

and remedial measures, 15, 575. 

Worden grape, effect of ringing, 17, 513. 

Worm, army. (See Army worm.) 

-—wm~. 
oe 

palmer. (See Palmer worm.) 

Wormwood, plant food constituents in, 

24, 375. 

Wright, W. W., on Board of Control, 6, 

Vv. 

Wrinkling of apple and quince leaves, 

investigation, 21, 19, 58. 

Xylina, notes on, 18, 413. 

Yeast, effect on alcoholic fermentation 

in cider, 23, 147, 

in cheese flavor, function of, 

34. 

19, 

! 

INDEX To First TWENTY-FIVE REPORTS. 

Yeast plants, from 

380. 

Yeasts in sweet flavored cheese, 19, 42. 

Yellow Bellflower group of apples, 25, 

350. 

fall rust of blackberry, 19, 182. 

oat grass, notes on, 2, 146. 

prussiate of potash (see Potassinm 

tomato, figure, 3, 

ferrocyanide). 

Transparent group of apples. 25, 

350. 

Yellows of peach, 19, 191; occurrence. 

18, 208. 

of raspberry. ‘See Raspberry yel- 

lows.) 

Yield and composition of milk, 

parison of, 11, 140. 

of apples, 12, 603, 14, 256; apples 

as affected by spraying in bloom. 

com- 

19, 402, 405, 408, 411; black 

currants, 14, 291; butter by 

dairy animals, 10, 318, 314; 

cheese by breeds, 10, 367; cheese 

from 100 pounds of milk, pe, 

460; crab apples, 12, 609; cream 

by dairy animals, 10, 314; dew- 

berries, 12, 634; milk, 10, 94, 

313, 11,-160,° 1613 milk, com- 

parison of, 11, 140; plums in- 

creased by spraying, 16, 211,: 

potatoes as affected by spraying, 
21, 89; potatoes, relation of, to 

cost of fertilizer used, 14, 25; 

raspberries, 11, 692, 12, 639, 

643, 655; red curants, 14, 286; 

skim-milk by dairy animals, 190, 

813; strawberries, 11, 686-688. 

12, 673, 14, 317, 21, 354; sugar 

beets, 16, 189, 200, 17, 437; 

sugar beets at Station, 16, 593: 

tomatoes, 12, 592; tomatoes in 

forcing experiment, 16, 249, 251. 

252, 258, 259, 261, 262; white 

currants, 14, 288. 

Yorkshire pigs, details of experiments 

with, 14, 486, 492. 

Tamworth cross, rate and cost of 

growth, 15, 659, 663. 

Ypsolopus pometellus. (See Palmer 

worm.) 

Young, R. D.,.Assistant Chemist, 9, V. 

Zimmerman, C., 

ment, 24, 152. 

Zine borate mixture, 11, 677. 

ferrocyanide mixture, 11, 677. 

silicate mixture, 11, 677. 

sulphide mixture, 11, 677. 

Zoektein poison for codling moth, 6, 99, 

7, 144; potato beetle, 6, 98, 7, 228. 

potato spraying experi- 
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