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Report of the Board of Control

THE CONNECTICUT AGRICULTURAL
EXPERIMENT STATION

To His Excellency, Marcus H. Holcomb, Governor of Connecticut:

As required by law, the Board of Control of The Connecticut
Agricultural Experiment Station herewith respectfully presents
its report for the year ending October 31, 1919.

L |

For the first time in its history, this Station has lost by death
an active member of its scientific staff.

Miss Edna Louise Ferry, a graduate of the New Haven High
School and of Mount Holyoke College, after graduate study in
the Sheffield Scientific School of Yale University, specializing in
physiological chemistry, in 1913 received the degree of Master
of Science, being the first woman to receive this degree from
Yale. )

In 1909 Miss Ferry accepted an engagement in the research
laboratory of this Station and held this position until her death,
on October 7, 1919.

By her collaboration in the numerous contributions to scientific
journals made by the research department, Miss Ferry achieved
wide recognition among students of nutrition.

Miss Ferry's address on The Food Value of Milk, delivered at
the last annual meeting of the Dairymen’s Association, was a clear
exposition of the subject, in the joint interest of producers and
consumers, and created very unusual interest in the research work
of this Station.

By her ability she won a place among scientific investigators
and by her high courage in the face of very difficult conditions
she earned the respect and affectionate regard of all her associates.

LEeGisLaATIoN CONCERNING THE STATION.
The General Assembly, January Session, 1919, passed the
following acts affecting this Station:
Chapter 181 provides that the botanist, entomologist and
forester of the Station shall examine any applicant as to his

A
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qualifications to improve, protect, or preserve trees, and to issue
certificates of such qualification, and that no person without such
certificate shall do work of protecting and preserving trees, out-
side of the town in which he resides.

Chapter 21 amends the statute concerning mosquito breeding
areas by providing that the cost of supervision and inspection
shall be wholly borne by the State.

Chapter 204 repeals the fertilizer law formerly in force and
enacts a new one. The more important differences between the
two are in the definition of the term commercial fertilizers, which
now includes cotton seed meal, ashes and vegetable meals used
as fertilizers, in the provision for a tonnage fee as well as a
registration fee, and in the directions for sampling.

Chapter 257 authorizes the building of a laboratory for the
joint use of the State Department of Health and this Station
and appropriates one hundred thousand dollars therefor.

House Bill No. 765, file number 689, appropriates for the
biennial period beginning July 1, 1919,

For the Station’s current expenses ................ $45,000.00
Food and drug investigations ................ 5,000.00
Suppression of gypsy and brown-tail moths and

inspection of imported nursery stock ...... 70,000.00
Suppression of bee diseases .................. 4,000.00
Control of white pine blister rust ............. 10,000.00
Mosquito elimination ........................ 10,000.00
State entomologist ....... ... .o i, 15,000.00
State forester’s expenses .................... 6,000.00
Purchase of forest land ..................... 5,000.00
Fire warden service .............ccouuu..... 10,000.00

A brief summary of the more important work of each depart-
ment of the Station follows:— ’

THE BoTANICAL DEPARTMENT.

Dr. Clinton in Charge.
This department has made a very comprehensive and important
study of the white pine blister rust, concerning chiefly its botani-
cal relations and the channel of infection of the pine. The
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account of this investigation is nearly ready for distribution as
Bulletin No. 214.

Fertilizer experiments in a peach orchard at Yalesville and
a study at Mt. Carmel of fertilizers in relation to diseases of
garden crops have been continued.

In addition to the plant disease survey which Doctor Clinton
has carried on for years, there has been a special survey, with
reference to the possible presence of potato wart disease in the
State, the Station codperating with the Bureau of Plant Industry
of the U. S. Department of Agriculture.

Spraying experiments with apples and peaches, potato variety
tests, and further study of peach yellows have also been carried
on. Two hundred and fifty-three samples of seeds have been
tested, either for purity or vitality, in the interest of both seeds-
men and farmers.

THE CHEMICAL DEPARTMENT.

Dr. Bailey in Charge.

The work of the year, largely under statute requirements, has
involved analyses of 873 samples of commercial and other fodder
materials and field crops, over 500 samples of fertilizers and
about 2250 samples of food and drug products. Also, 1540
pieces of Babcock glassware have been examined, as to their
accuracy of calibration.

Expert testimony in court has been required in 15 cases.

An exhibit was prepared to represent the work of the analyti-
cal laboratory, at the Farmers’ Week exhibit in Hartford, in
January of this year.

Publications from this department include the regular annual
report on Fertilizers, Bulletin 209; Food Products and Drugs,
Bulletin 210; ,Commercial Feeding Stuffs, Bulletin 212, and
Condensed Milk, Malted Milk, Milk Powder, Bulletin 213.
The chemist in charge has assisted the Dairy and Food Commis-
sioner and the Director of this Station in preparing additions
to the Rules and Regulations relating to the State Food and
Drug Law, and has continued to serve as expert on diabetic foods
for the American Medical Association, and as a Referee of the
Association of Official Agricultural Chemists.
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THE ENTOMOLOGICAL DEPARTMENT.
Dr. Britton in Charge.

The inspection work required by Statute has included the
examination of g6 nurseries, 1075 cases of imported nursery
stock, 249 cases of bulbs, and 707 apiaries containing 5861
colonies of bees.

In cobperation with the Federal Bureau of Entomology, the
fight to control the gypsy moth has been carried on vigorously
and fewer infestations have been found this year.

On account of the menace of the European corn borer, con-
siderable scouting has been done throughout the State, but up
to the present this pest has not been found.

Experiments have been carried on in two large greenhouses,
to control the chrysanthemum midge, a serious imported pest, and
in the experiment field studies have been continued on insects
attacking cucurbits, the results of which will shortly be published.

Some time has been given to the preparation of papers to
be published by the State Geological and Natural History Survey.

Mr. Walden has continued his duties as deputy to the Director,
in charge of mosquito elimination. In this connection there has
been little new work undertaken, but the work of maintenance
has been carried on as effectively as the scarcity of efficient labor
would permit.

Dr. Philip Garman, who began his duties September 1, 1919,
is studying the biology of the bulb mite.

The entomologist has codperated with the farm bureaus and
has furnished information about insect pests whenever needed.
He also serves as Chairman of the Tree Protection Examining
Board.

The entomologist has prepared Bulletin 211, being his
eighteenth annual report, and Bulletin 208, Insects Attacking the
Potato Crop in Connecticut.

THE FORESTRY DEPARTMENT.
Mpr. Filley in Charge. .

In the Portland state forest 30,000 pines have been set on
cut-over land and 65,000 seedlings have been transplanted at Mt.
Carmel, for use in the forest next year.

The cutting of chestnut ties and poles is continued, the product
finding a ready market.
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No planting has been done in the other state forests because
of difficulty in getting labor. The area of the state forests has
been increased this year by 254 acres, making the amount now
owned by the State 3970 acres. ’

There were 1028 forest fires in 1918, only 100 occurring in
the fall. In 1919, 627 forest fires occurred previous to July 1st,
burning over 22,000 acres, with an estimated property damage
of $58,000.00. :

The forester is by law a member of the State Park Commission.
The Commission, in the six years of its existence, has acquired
4000 acres of park land in different parts of the State. This
is largely in woodland and the forester has been called upon for
advice as to its value and treatment and he is responsible for
all forestry operations in these State parks. During the summer
and fall Mr. Moss has been doing the field work for a forest map
of the Macedonia Brook tract of 2000 acres, in Kent, the expense
being borne by the Park Commission.

The work of controlling the blister rust has been done in
cooperation with the botanical department. The eradication
work in Norfolk has been extended this year and similar work
has been done on a much smaller area in Pomfret. The work
of past years in Norfolk shows encouraging results in the lessen-
ing amount of infected material.

THE DEPARTMENT OF MARKET GARDENING.

My. Pelton in Charge.

Variety tests of beans, tomatoes, celery, peas, melons, squashes,
and pumpkins have been conducted. The codperative celery
test reported last year was replaced by a strain test of
Easy Blanching and Paris Golden, the two varieties now of
most interest in Connecticut. The tests of peas and melons
were intended to determine the value of certain local varieties
not commonly known outside of the State. Squash and pumpkin
testing was undertaken, to get data that would be of help in the
judging of these vegetables at state and local fairs. Several
varieties of western beans that have now been under observation
for two years will be dropped from further trial.

The sweet corn cross of Stowell’s Evergreen and Golden
Bantam was tested again, in comparison with fifteen commercial
types of similar crosses, and as it proved inferior to some of
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these and superior to none of the best white varieties known,
its planting will be discontinued.

A start has been made on two new projects outlined during the
winter. Under the cover crop project, notes have been made on
nine types of vetch and on the relative rapidity and volume of
growth of some of the common crops used for green manuring.
A series of plots has been laid out for comparative tests of cover
crops and fertilizers with animal manures and fertilizers in rota-
tions of vegetable crops. These plots have been in operation
for one year.

Work on the project entitled “Standardization of Vegetable
Crops” has consisted entirely of strain tests of beets, carrots,
and string beans which were arranged to determine to what
extent the variability of the seed affects the variability of the
commercial product.

Owing to the fact that an extra field meeting was held by
the Connecticut Vegetable Growers’ Association, of which the
Market Gardener is Secretary, and a longer excursion conducted,
more than the usual amount of time has been devoted to the
needs of that Association.

RESEARCHES SUPPORTED BY THE ADAMS FuND.

Dr. Osborne and Dr. Jones in Charge.

It is required by the Federal authorities that the Adams fund
received from the United States shall be spent wholly in scien-
tific investigation on subjects approved by the Office of Experi-
ment Stations and preferably on projects continued through a
term of years.

One of these, in charge of Dr. Osborne, is a study of the
different protein bodies found in food products and of their
relative value in nutrition.

The principal subjects to receive attention in this department
during the past year have been the distribution of the water-
soluble vitamine among fresh vegetables and green fodders; the
preparation of protein free from this vitamine; the relative pro-
portion of the fat-soluble vitamine in numerous vegetable prod-
ucts used for human food and for feeding farm animals and the
relative nutritive value of wheat, rye, oats, and barley, when
these grains serve as the sole source of protein in the ration.
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The other Adams project, in charge of Dr. Jones, is a study
of the laws of inheritance in maize and tobacco.

Particular study is devoted to the application of the principles,
learned froth the long continued experiments on inbreeding and
cross-breeding, to methods of improving maize.

Some important results of this study are given by Dr. Jones
in Bulletin 207, The Effects of Inbreeding and Cross-breeding
upon Development.

The new variety of tobacco produced by the crossing of stand-
ard varieties, followed by many years of selecting for uniformity
and constancy, is being tested on an extensive scale in many
different parts of the State, with promising results.

In this connection, but not supported by the Adams fund, a
colperative corn variety test has been carried on at Storrs and
at the New Haven Station which has yielded information con-
cerning desirable varieties of corn for Connecticut and sources
of seed. A summary of the results of this test has been pre-
pared, making a mimeograph paper of 18 pages, giving the
results of seven years’ work, names of persons from whom seed
of desirable varieties may be obtained, and a map of the State,
showing the corn varieties specially recommended for different
sections of the State.

CONFERENCES AND FIELD MEETINGS.

At the exhibition in connection with Farmers’ Week in Hart-
ford, January 20-24, 1919, the Station showed material illustrat-
ing the different departments of its work, filling the space allotted
to it.

On Monday, June 2d, there began a conference of the county
agents and other members of the Extension Service with the
staff of this Station. The aim of this meeting was to get bet-
ter acquaintance, both with the members of the staff and with the
scope and, to some extent, with the results of our work. The
conference continued for three days and proved to be mutually
profitable.

On July 22d and 23d was held an institute for tree workers.
The object was to have experts discuss those matters connected
with the treatment of trees which were of special importance to
those who were applying for licenses to practice as tree surgeons.
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The examinations of applicants for licenses showed that need of
this kind of instruction was quite urgent.

A conference of plant pathologists, chiefly from the eastern
states, was held August 18th-21st. There were sessions for
papers and discussions both here and at the Storrs Station, which
were also attended by the county agents and others. Trips were
made to farms in various parts of the State, where there were
matters of special interest to students of plant diseases.

The annual Station field day was on August 24th. There were
about 400 present at Mt. Carmel to inspect the experimental
work being done there and to hear some discussion by experts of
present potato problems.

On October 23d and 24th a conference of county agents and
Extension Service workers was held in the state forest at Port-
land, where the Station forester discussed the care of woodland
belonging to farmers, illustrated by the work going on at the
forest under his direction.

CHANGES IN THE STATION STAFF.

Major John P. Street, chief of the chemical department, absent
on leave in the U. S. service at the time of our last report, resumed
his place on the staff on June 1gth, but resigned on August 1st,
to accept a position with the National Canners Association, in
Indianapolis, at a much higher salary than he received here.

Lieut. C. B. Morison, chemist, returned to the Station from
army service in February, 1919, but resigned in October to take
a position in the American Institute of Baking, in Minneapolis,
also at a much higher salary.

Corp. Irving W. Davis, assistant entomologist and deputy in
charge of gypsy moth work, returned to his duties on Jan. 15,
1919, after six months’ service in the U. S. Marine Corps.

Mr. Henry W. Hicock was engaged in September as an
assistant in the forestry department.

PusLICcATIONS.

During the year the Station has issued the annual report for
1918, consisting of Bulletins 207-214, and Bulletin of Information
No. 9, aggregating 506 pages, with 44 full page plates.

A considerable part of the Station’s work, particularly in sci-
entific research, cannot be printed in its bulletins, partly for lack
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of space and partly because it is not of immediate value to
farmers, to whom the larger part of our editions is sent.
Following is a list of papers written by the staff and published

elsewhere »
By Dg, JonEs.

Some Factor Relations in Maize with Reference to Linkage. (Jones and
Gallastegui.) Amer. Naturalist; 53, 239-246.

Selection of Pseudo-Starchy Endosperm in Maize. Genetics; 4, 354-393.

Inbreeding and Outbreeding: Their Genetic and Sociological Significance.
(East and Jones.) 1919. A book published by Lippincott, Philadelphia.

Inbreeding in Corn Improvement. Breeder’s Gazette; May 8, 1919, I111-
1113; May 15, 1919, 1182; May 22, 1919, 1245.

Hybrid Vigor and Its Meaning. Scientific American; Sept. 6, 1919, 230-
231, 239-241.

What Puts the “Pop” in Pop Corn. Rural New Yorker; Jan. 18, 1919, 74.

Some Curious Freaks of Corn. Rural New Yorker; July 5, 1919, 1043.

By Dr. OSBORNE AND OTHERS IN HIS DEPARTMENT.

In the Jourmal of Biological Chemistry:

The Vitamines in Green Foods. Osborne and Mendel. 1919, XXXVII,
187-200.

A Method of Expressing Numerically the Growth-Promoting Value of
Proteins, Osborne, Mendel and Ferry. 1919, XXXVII, 223-229.

The Nutritive Value of the Wheat Kernel and Its Milling Products.
Osborne and Mendel. 1919, XXXVII, 557-601.

The Nutritive Value of Yeast Protein. Osborne and Mendel. 1919,
XXXVIII, 223-227.

Nutritive Factors in Plant Tissues. II. The Distribution of Water-
Soluble Vitamine. Preliminary Report. Osborne and Mendel. 1919,
XXXIX, 29-34

Preparation of Protein Free from Water-Soluble Vitamine. Osborne,
Wakeman and Ferry. 1919, XXXIX, 35-46.

 In the Proceedings of the Society for Experimental Biology and Medicine :

Vitamines in Green Leaves. Osborne and Mendel. 1918, XVI, 15-16.

The Extraction of “Fat-Soluble Vitamines from Green Foods.”
Osborne and Mendel. 1919, XVI, 98-99.

In the Boston Medical and Surgical Journal:

The Chemistry of Nutrition. (Correspondence.) Osborne. 1919,
CLXXXI, 77.

In the Proceedings of the Amer. Physiological Society. Amer. Journal

Physiology :

The Nutritive Value of Yeast Protein. Osborme and Mendel. 1919,
XLIX, 138.

In the Conn. Dairymen’s Association’s 38th Report:
The Food Value of Milk. Edna L. Ferry. 17-49.
In the Rural New Yorker:
The Food Value of Milk. Osborne. May 3, 1919, 765-766.
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Seven articles by Osborne:
Vitamines: The Life-Giving Food Elements. The Absolute Neces-
sity of Milk. Part I, June 21, 1919, 985-986.
Part II, June 28, 1919, 1019-1020.
The Story of the Vitamines: A Thorough Discussion of the Vital
Principles of Food. Part I, Aug. 23, 1919, 1229-1230.
Part I, Aug. 30, 1919, 1263-1264.
Part III, Sept. 6, 1919, 1294,
Part IV, Sept. 13, 1919, 1333.
Part V, Sept. 20, 1919, 1383.

By Dgr. Brrrton.
In the Florists’ Exchange:
The Iris Borer Again. 1918, XLVI, 531.
The Chrysanthemum Midge. 1919, XLVI, 45.
Insects Attacking Maples and Elms. 1919, XLVII, 1331.
A Tree Protection Institute. 1919, XLVIII, 205.
In Science:
Book-Review: Washburn’s Injurious Insects and Useful Birds. 1919,
XLIX, 42s.
In the Conn. Vegetable Growers’ Association’s Report, 1918:
Report of Committee on Injurious Insects, p. 28
In the Proceedings, Fifth Annual Meeting, New Jersey Mosquito Extermin-
ation Association, 1918:
Progress in Mosquito Control in Connecticut in 1917, p. 100.
In the American Fruit Grower:
Automobile Truck Power Sprayers. Oct., 1919, p. 6.
In the Journal of Economic Entomology:
Kerosene Emulsion #s. Nicotine Solution for Combating the Potato
Aphid. (Britton & Zappe.) 1919, XII, 71.

Other activities of members of the staff may be seen from
the following figures:

Letters written ........covveuennnenennnnnnn 9,654
Addresses at meetings of farmers ............. 60
Papers in scientific journals .................. 20
Contributions in papers and magazines ......... 27
Specimens of insects and fungi identified in answer

to inquiries ............ i 536
Additions to herbarium ...................... 325
Seed samples tested ............ ... ... 253

All of which is respectfully submitted.

(Signed) GeorGe A. HopsoN,
Secretary.
New Haven, Connecticut, October 31, 1919.




REPORT OF THE TREASURER. Xxv

REPORT OF THE TREASURER
) June 80, 1918.

E. H. Jenkins, in account with THE CONNECTICUT AGRICULTURAL
EXPERIMENT STATION for the nine months* ending June 30, 1919,

REecErprs.

Balance on hand, October 1, 1918 (Analysis Fees) $308.01
State Appropriation, Agriculture .................. $14,062.50
State Appropriation, Food ........................ 1,875.00
State Appropriation, Insect Pest .................. 4,500.00
United States Appropriation, Hatch ................ 6,250.00
United States Appropriation, Adams ............... 6,250.00
Analysis Fees .......ccvviviiiiinnnernicannrennennns 6,000.00
Connecticut State Dept. of Health (rent) .......... 150.00
Miscellaneous Receipts ..........ccevvinnennnnennnn 1,040.69
From Lockwood Trust Income (including sale of :
Mt Carmel Farm Produce, $2,161.67) .......... 8,161.67

48,289.86

$48,50877

DISBURSEMENTS.

E. H. Jenkins, director, salary ...................... $2,100.00
E. H. Jenkins, treasurer, “ ...................... 300.00
V. E. Cole, salary ......ciieieiiieiinne. 858.33
L. M. Brautlecht e 558.33
J. P. Street, i e 86.66
T. B. Osborne, A 1,800.00
E. M. Bailey, R 1,800.00
C. B. Morison, S 783.33
C. E. Shepard, e 1,191.67
W. E. Britton, e e 1,950.00
G. P. Clinton, e 1,950.00
E. M Stoddard e, 524.90
W. O. Filley, e eaa, 1,875.00
A. E. Moss, e e, 1,500.00
Edna L. Ferry, et 990,00
D. F. Jones, e e, 1,875.00
Michael D’Esopo, e, 787.50
Florence McCormick, “  ..............c..iven. 583.33
W. C. Pelton, e i, 1,500.00
H. D. Edmond, i 900.00
V. L. Churchill, e 809.58
William Veitch, i 627.91
Etta L. Avery, e e e 396.00
C. D. Hubbell, e, 660.00
George E. Graham, “ ... ................... 766.66
C. A. Gallastegui, O e i 50.00
Alta H. Moss, e e, 360.00
Mrs. L. D, Kelsey ..oovvrieieiieiniinnianannnnns 431.20

* To conform with the fiscal year of the State.
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Henry Kiley ...oivetiiiiiiiiiiiiiiiiiiinaniasnns $ 780.00
Frank Sheldon .......oovvevienneineinenneninnanes 780.00
Oliver J. Welch ... it iiiiiiiniennienas 780.00
T. F. Barrows .....ociviuiivrecionresncssincennncns 580.00
H. W. Edwards ........coiviiiiiiiiirencainasons 693.33
Kenneth Terrell ... ... iiiiiiriiiiiiirennnnnnns 203.50
Ervin Applegate .........cviiiiiiiiiiiiniiiinne 50.83
Labor .. i i 2,591.80
Publications ........civvinviiiiinriiiiieiarienaias 295.87
Postage ... e eeereees 149.44
LT 713 10 1) o P 283.58
Telephone and Telegraph ........ccoinviiiinann. 163.38
Freight and Express ...........cciiviiiienneanans 176.42
Gas, Electricity and Kerosene ............cco0vuven 764.31
(s 156.45
S L3 108.10
Chemicals ......coiiiviiiiiinriiiiirnenennnnees 705.11
Laboratory Supplies ............cciiiiiiirinnn., 337.47
Agricultural and Horticultural Supplies ........... 147.82
Miscellaneous Supplies ...........cccvieineenennn. 582.03
Fertilizers .........coiiniiiriiiiiiiiiniineeannn. 527.66
Feeding Stuffs .......c.coiiiiiiiiiiiiiiiiiianns 419.50
Library and Periodicals ............cccovvveininnn. 534.54
Tool, Machinery and Appliances (new) ........... 724.86

“ “ “ “ ° (repairs) ........ 386.60
Furniture and Fixtures (new) .................... 3ILI2

“ “ “ (repairs) .........eoienn... 62.17
Scientific Apparatus (new) ...........c.ciiiiinnn.. I11.20

“ “ (repairs) .......vveiiinniinnannn 13.50
Traveling by the Board ............cooviiiiinats 244.19
Traveling by the Staff ...................ccv..... 802.44
Gasoline for Automobiles ................co.ciien 374.71
Traveling in connection with Adams Fund Inves-

HEALIONS tvtvineneereririireeenenannaaanaanns 74.72
InsUrance .......ooiriiiiiiiiiiii e 654.51
Insect Pest Appropriation to State Entomologist ...  4,500.00
Contingent . .....ovvivnnreneinnnnreeeinnannnnenns 247.95
New Buildings ..........ccviiiviiiiiiniinnanns 2.48
Betterments ...........c..oiiiiiiiiiiii e, 38.50
Repairs ...ttt e it 201.43
Grounds ...ttt it it eaaa 12.00

Total Disbursements ....................cc.....

Balance on hand, June 30, 1919 (Analysis Fees) .....

$48.580.01
9.76

$48,508.77

New Haven, Conn., Aug. 4, 1919

Tris 1s To CerriFy that we have audited the accounts of E. H. Jenkins,
Treasurer of The Connecticut Agricultural Experiment Station, for the
fiscal period Oct. 1, 1918, to June 30, 1919, inclusive, and have found them

correct.
WiLLiAM P. BAney,

James P, TonIN,

Auditors of Public Accounts.
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THE FOOD VALUE OF MILK

At the annual meeting of the Connecticut Dairymen’s Asso-
ciation in January, 1919, Miss Edna L. Ferry of this Station
gave an address with the above title.

“At the conclusion of Miss Ferry’s address it was voted to ask the

Experiment Station to prepare a bulletin on the food value of milk
which could be distributed among consumers.”

In response to the request this bulletin has been prepared,
which is largely a transcript of Miss Ferry’s paper. Her untimely
death has put on others the work of editing it which has consisted
chiefly in slight changes in form and arrangement.

INTRODUCTION.

Milk is the only food that supplies all of the food elements
which the new-born animal must have in order to live and grow.

Among wandering Indian tribes the child whose mother fails
to nurse it is doomed to die because no other milk can be had.

In countries where milch animals are scarce, as in Japan and
China, mothers from necessity, if not from choice, nurse their
children for relatively long periods, sometimes for two and even
three years.

In countries where dairy cattle are abundant the cow is the
foster mother of a large part of the infant population which for
one reason or another does not have its mother’s milk.

The world has had no more pitiful tragedies in the present war
than the starving to death—or to life-long inefficiency—of a large
infant population.

Hoover, who had the best chance to observe and who is given
to sober statement without exaggeration, says:

“One of the first acts of the Germans was to denude the people of
Belgium to a very large extent and the north of France almost wholly
of their cattle. In consequence it has been necessary to maintain a
stream of condensed milk for the whole of the last four years.

“The European races are absolutely dependent for the rearing of their

young on these cattle. There is no cruelty to a population greater than
to rob them of their dairy stock.”

The need of milk is not limited to the first year of life. When
the child is able to enlarge its diet and take solid food, milk is



4 CONNECTICUT EXPERIMENT STATION BULLETIN 2I§5.

an indispensable adjunct. Of the 27 brands of “infant foods”
in market, which were examined by this Station (Report 1915,
P. 324), 16 claim to contain milk and the directions for the use
of 9 others prescribe mixture with milk.

All through childhood and youth bread and milk and cereal
and milk are recognized as “growing foods.”

Milk, too, is the most commonly prescribed food for adults in
severe illness and a resource in time of sudden exhaustion.

It is hardly too much to say that public health, content and
civilization follow the cow.

The work of Dr. Osborne at this Station has largely con-
tributed to the discovery of the reasons for this unique value
of milk which are leading to a greater appreciation and more
rational use of it. This work has been in a way incidental to a
general study of the character and function of proteins and of
the laws of nutrition. The investigations on the chemistry of the
proteins have been carried on for many years by Dr. Osborne
and in the nutrition studies which followed he has had the
valuable codperation of Dr. Lafayette B. Mendel of Yale
University.

CONSTITUTION OF PROTEINS.

The foundation of our new knowledge regarding milk was
laid by finding out and setting forth the composition and struc-
ture of a large number of different proteins, which are the flesh-
growing materials of the body and an indispensable part of all
the vital body fluids. This work showed for the first time their
great variety and the fact that a nearly identical percentage
composition of their elements (nitrogen, carbon, oxygen, hydro-
gen, and sometimes sulphur and phosphorus) went along with
wide differences in structure and in physical and chemical
properties; and that in the same food material, whether animal
or vegetable, two or more proteins of quite different quality
were usually found together.

Dr. Osborne’s work, with that of others, showed that a protein
was no such simple thing as salt or sugar, but was made up of
about eighteen different complexes, knots of nitrogen-containing
groups called amino-acids, each of them a complicated structure
in itself.
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The following table gives the names of these amino-acids,
the approximate percentage of each in several of the common
proteins and shows the striking differences in their amount.

Comparative composition of proteins.

LACTAL- EDESTIN

AMINO-ACIDS ZBIN GLIADIN CASEIN BUMIN (HBXP-
. (xA1zE) | (WHEAT) (MILE) (a1Lx) sxEDp)

pey cant. per cent. per cent. per cent, per cent,

Glycocoll ............ 0.00 0.00 0.00 0.00 3.80
Alanine ............. 13.39 2.00 1.50 2.50 3.60
Valine .............. 1.88 334 7.20 0.90 6.20
Leucine ............. 19.55 6.62 9.35 19.40 14.50
Proline ............. 9.04 13.22 6.70 4.00 4.10
Phenylalanine ....... 6.55 2.3 320 2.40 3.00
Aspartic acid ........ 1.71 0.5 1.39 1.00 g:so
Glutaminic acid ..... 26.17 43.66 15.55 10.10 18.74
Serine ............... 1.02 0.13 0.50 ? 0.33
Tyrosine ............ 3.55 1.50 4.50 2.20 2.13
Cystine ..........ov.. ? 0.45 ? ? 1.00
Histidine ............ 0.82 1.49 2.&0 1.53 2.19
Arginine .......... 1.55 3.16 3.81 3.01 14.17
Lysine .............. 0.00 ? 7.61 810 ;| 165

Tryptophane, about .. 0.00 1.00 1.50 + +
Ammonia ........... 3.64 5.22 1.61 1.32 228
4 l
88.87 84.72 66.92 56.46 \ 82,28

In view of these great differences of structure and composi-
tion of proteins, the question arose: have they nevertheless
about the same food value as has been assumed, or have they not?
If they have not, the principles on which our whole art of cattle
feeding is founded has lost a large part of its foundation.

Clearly, the only way to settle the question was to study the
feeding effect of each protein by itself on both growth,
maintenance and production.

Before the work here was begun, all experimenters who en-
deavored to feed animals on diets composed of pure nutrients
failed. Both mature and young animals promptly declined in
weight on such diets. To-day we have such an understanding
of the influence of food on growth that merely by changing a
single constituent of the diet we can stop the growth of a young
animal at any stage of development, maintain it for many months
in perfect health, but without growth, and later cause it to grow
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again at a normal rate to full maturity and reproduce. It is
due to the use of milk in the earlier attempts in feeding animals
experimentally that we owe our success in developing methods
of feeding which have opened up entirely new fields for
investigation.

Our first attempts to make an animal grow on a mixture of
pure protein, fat, carbohydrate and inorganic salts were no more
successful than those of our predecessors, but we soon found
that animals which failed to thrive on our artificial diets could
be restored promptly to excellent condition by giving them a
mixture of dried milk, starch and lard, and that control animals
fed on a similar diet from weaning grew normally to full maturity
and reproduced. Although the artificial diets were almost exactly
like-the milk diets, in respect to the kind and proportion of the
then known nutrients, the milk diet was entirely adequate as a
food, whereas the artificial diet was wholly inadequate. Wherein
this profound difference lay was a mystery. By a process of
elimination we were forced to the conclusion that the water-
soluble portion of the milk contained something which was
essential for life, and later that the fat component contained
something which was indispensable for long-continued growth.
This discovery that milk contains two hitherto unsuspected
substances, now known as the water-soluble and fat-soluble
vitamines, which will be referred to later, made it possible for
us to become pioneers in the study of various problems relating
to growth and maintenance. The field of study thus opened has
been entered by numerous investigators here and abroad with
results of far-reaching importance.

The experiments here to be described were made with albino
rats because these small animals are omnivorous and can be fed
with such quantities of the experimental rations as we are able
to prepare in the laboratory in a state of purity. To insure
perfect accuracy it is necessary that these rations shall consist
of ingredients which are chemically pure and to prepare such
rations in quantity is very laborious and costly. The results of
these experiments can be accepted as giving evidence of the
true food value of milk because they are in harmony with our
experience in feeding not only ourselves but also farm animals.

The question may be asked—Are the results of experiments in
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feeding rats, or other of the lower animals, applicable to human
beings?

While the foods suited to different species of animals may
differ widely in their appearance and physical properties, the
digestible nutrients contained in them are very much alike in their
chemical characters, so that by the processes of digestion quite
similar products result from apparently very different kinds of
food. Such differences as exist are rather in proportion than in
kind. Furthermore, the tissues of the different types of animals
are chemically even more alike than their foods and, consequently,
their nutritive requirements are in principle much more nearly
the same than those unfamiliar with the chemistry of nutrition
would suppose:.

The conditions in feeding farm animals are necessarily so
complex that it is generally impossible to recognize the influence
of any individual constituent of the ration. In our experiments
with rats, on the contrary, the conditions have been so simplified
that definite conclusions can be drawn regarding the réle of each
factor involved. Thus, if two series of animals are fed on mix-
tures of protein, fat, carbohydrate and inorganic salts, which are
identical except for the kind of protein used, and one series grows
normally whereas the other fails to grow at all, it is obvious that
the protein alone was the determining element in the food. By
means of large numbers of such experiments extending over a
period of several years, we have fixed the nutritive values of
many proteins, several fats, the various inorganic salts and also
have studied a number of combinations of natural food products
both of animal and vegetable origin which are extensively used
in the daily rations of man or domestic animals.

TaE ProTEINS OF MILK.

Previous to 1912 a discussion of the nutritive value of any
food stuff would have been confined to a consideration of the
total quantities of protein, fat, carbohydrate and salts which it
contained and its value as a source of energy. As a result of
work which has been done at this Station, and later in other
laboratories, the field for discussion has become much broader,
for it has been demonstrated that the gwuality of the protein
present in any food is of even more importance than the guantity,

-
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and a realization of the essential role which the so-called vita-
mines play in normal nutrition has raised many more problems.

Milk contains several different proteins, but there are only
“two which occur in notable quantity, and these are casein, the
protein found in cheese, and lactalbumin, the principal protein
of whey. These two proteins differ not only in their chemical
structure, but also in their nutritive value. Both suffice to pro-
mote the normal growth of young rats, but lactalbumin is some-
what more efficient for growth than is casein, for in comparable
periods of time a given quantity of lactalbumin will enable an
animal to gain about 33 per cent. more in weight than the same
amount of casein.

This is instructive from a practical standpoint for it demon-
strates that the whey, obtained as a side product from the manu-
facture of cheese, contains one of the most valuable food proteins
known and should not be wasted. Casein, which forms about
80 per cent. of the milk proteins, is more easily digested than
any other protein known and behaves in the digestive tract very
much like a predigested protein. This property makes it
especially desirable as a food for infants or persons with weak
digestions.

For centuries people have been accustomed to use foods of
animal origin with bread and other cereal products which form
so large a proportion of the average dietary. Bread and milk,
eggs on toast, meat sandwiches and the use of milk on breakfast
cereals are just a few illustrations of this custom. If any one
who was enjoying a meal of any of these mixtures were asked
why he chose the combination of the animal with the vegetable
product instead of eating either one alone, he would probably
say that “it tasted good,” or “it satisfied his appetite better
that way,” or something else equally indefinite. It is only
recently, while engaged in investigating the nutritive value of
wheat flour, that we discovered how well the proteins of milk,
eggs and meat supplement the deficiencies of the wheat proteins.
We now have a truly scientific reason for this universal dietary
practice.

If an animal is fed on wheat flour as the sole source of protein
in an otherwise adequate ration, it will grow very slowly, if at
all, even when relatively large amounts of the proteins are eaten.
If, however, one-third of the wheat protein is replaced by an
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equivalent quantity of protein in the form of milk, eggs, or meat,
the animal will grow at a practically normal rate.
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To illustrate this as well as the results of our other experi-
ments with various diets of known composition, in a2 condensed
form, we have employed charts giving the curves of body
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weight during the time of feeding. In reading these charts the
squares running horizontally represent time of feeding expressed
in days, running vertically the weight of the animal in grams
(1 gram equals about '/,,of an ounce). The heavy black lines
show the rate at which the animal gained weight; the more
nearly vertical these lines the more rapid the growth.

Chart I gives a graphic representation of the curves of growth
of a number of rats which have been fed in these ways, and
Figure 1 gives the photographs of two of these animals.

FIGURE 1

Rat 5277 was fed on a diet in which gliadin from wheat flour furnished
the protein. On this food he gained only 10 grams in ten weeks. Rat
5314 was fed on a mixture of wheat flour and milk. On this food he
gained 160 grams in nine weeks. This illustrates the importance of
combining milk with the cereals instead of feeding the cereals alone.

All of the animals shown in this chart were of the same size
and age, and were growing vigorously when put on the experi-
mental diets. The differences in size at the end of each experi-
ment are due solely to the protein of the diet. In this series of
experiments the percentage of protein and nutritive ratio of the
mixtures were practically identical, the foods differing only in
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the kind of protein. The animals in the group labelled “flour”
received all of their protein from wheat flour, those in the groups
labelled “flour + milk,” “flour + egg,” and “flour 4+ meat”
received a diet whose concentration of protein was the same as
that of the “flour” group, but one-third of the protein was
furnished by milk, egg, or meat respectively, the remaining two-
thirds being furnished by flour. It is obvious that relatively
small quantities of these animal proteins greatly improved the
value of the food for growth. The value of these animal products
lies in the fact that they are chemically so constituted as to
supplement the chemical deficiencies of the flour proteins. To
those who are unfamiliar with the chemistry of proteins -this
may seem mysterious and confusing, hence a few words of
explanation are necessary.

By digestion the proteins are broken up into the amino-acids
already mentioned on page 5, which are then used in con-
structing the new proteins of the tissues of the growing animal.
Unless the food protein furnishes a sufficient amount of each
of these amino-acids which are needed to make the tissues
required for normal growth the animal grows correspondingly
slower than it would if more of the needed amino-acid were
available.

Wheat flour contains two proteins, one of which, called gliadin,
yields only a very small amount of the amino-acid called lysine.
The effect of a limited supply of lysine on growth is illustrated
by rats 5277 and 5265, whose curves of body weight are shown
in Chart 1. These were fed on a diet in which all of the protein
was furnished by gliadin. They have been maintained in good
health, but have gained only about 10 grams.

The rats on the “flour” diets grew somewhat more than those
on the gliadin food because flour contains another protein which
yields more lysine than does gliadin and hence supplements to
some extent this deficiency of the gliadin. However, the amount
of lysine thus supplied was too little to promote normal growth.
In this connection it is interesting to note how perfectly a young
animal can be maintained in health, but without growing even
for a very long time when its diet is adequate in respect to
everything except the chemical constitution of its food protein.
Such animals can be thus kept as infants for indefinite periods.
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Chart II shows how little growth was made during nine months
on a diet in which gliadin from wheat flour furnished all the
protein. At the end of these nine months the rat was given a
similar diet containing enough dried milk to replace the gliadin,

1

. FIGURE 2

Figure 2 shows the contrast between feeding a good or a bad protein
to a young rat. The two upper rats are five months old and have been
fed on diets exactly alike except the one at the top had casein from milk
on which it grew normally, and the one in the middle had gliadin from
wheat flour on which it could not grow at all, so that when it was five
months old it weighed exactly the same as the rat at the bottom which
was only one month old.

and in two weeks on that food it gained as much in body weight
as it had during the preceding nine months. It continued to
grow normally on the milk diet to full adult size; a striking
illustration of the value of milk proteins for growth. If, instead
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Chart III shows the weight curves of several rats whose
growth was alternately stimulated or checked by the addition to
a gliadin diet of very small quantities of lysine or by its removal.

In every day practice, however, it is impossible to feed lysine,
as such, and therefore the problem resolves itself into finding
available proteins which are sufficiently rich in lysine to be
capable of supplementing this deficiency of the flour proteins.
The two foods which thus far have proved to be the most efficient
supplements to flour are milk and eggs; either of these is some-
what better than meat. Thus under similar conditions of feeding
when the food contains two parts of flour proteins to one part of
meat protein rats gain about three times as much per unit of
protein eaten as when flour furnishes all the protein, and nearly
four times as much when milk or eggs are used as supplements.

The same is true for corn supplements. Zein, the principal
protein of ‘corn, lacks two essential amino-acids, tryptophane and
lysine, hence when zein furnishes all of the protein of the diet,
the animal loses weight rapidly and dies almost as soon as if no
food were eaten. When a small quantity of one of these missing
amino-acids, tryptophane, is added to the zein diet, the animal
maintains its weight and lives for a long time but does not grow.
If in addition to tryptophane, lysine also is added, the animal
grows.
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Chart IV shows the important part played
by amino-acids in nutrition. Zein, which forms
about one-half the protein of corn meal, lacks
two of these, known as tryptophane and lysine.
Unless tryptophane is added to a diet contain-
ing zein as its sole source of protein, life can-
not long be maintained. Unless lysine is also
added, growth is impossible. The proteins of
milk contain an abundance of both of these
amino-acids. _

Chart IV shows the curves of body
weight of rats receiving zein alone as
well as zein in combination with trypto-
phane or with tryptophane and lysine.
Note that the body weight of one of
these rats remained constant for six
months when the diet contained zein and
tryptophane. When small amounts of
both lysine and tryptophane were added
to the zein food the rat grew.
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Figure 3 shows in a striking manner how essential it is to
supply the young animal with protein which furnishes sufficient
lysine. The lower picture is that of a young rat which lived for
seven months in perfect health on a food containing zein -} trypto-
phane as its sole protein. During all of this time it failed to
grow and weighed only 70 grams. It did not even show signs

FiGURe 3.

The lower photograph is that of a rat which has been fed for seven
months on a diet containing zein (one of the proteins from corn) + a
small amount of amino-acid tryptophane, On this diet the rat could live
but could not grow. The upper photograph is one of the same animal
taken a few months later, after casein from milk had replaced the zein
and tryptophane.

of maturing for, as you can see, it looks exactly like a recently
weaned rat; it has remained a baby. At the end of seven months
casein was used to replace the zein 4 tryptophane. No other
change was made in the diet. During the next three months it
grew at the normal rate to 230 grams, and as the upper picture
shows, became a fine, vigorous animal.
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What this means might be illustrated in this way. For about
one-fifth of its life period the rat did not grow. Calling a man’s
span of life seventy years the case would be somewhat like that
of a boy, kept as a healthy infant in arms until fourteen years
old—weighing perhaps sixteen to twenty pounds—and who, by
a change of diet when fourteen years old, attained a man’s size
and weight at the age of twenty-one.

THE EFFECT OF FEEDING CORK PROTEIRS ALONE
/ OR IN COMBINATIORE WITH MILEK OR MEAT
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Two of the rats, 5293 and 5316, whose curves of body weight
are shown in Chart V, had a ration in which the protein was
furnished by gluten feed. Rats 5302, 5318, 5287 and 5315 on
the other hand had two-thirds of their protein in the form of
gluten feed and the other third as milk or meat. The nutritive
ratios of all of these three foods were alike, but the results were
strikingly different.

This juggling with proteins and amino-acids is very interest-
ing to the chemist and physiologist for it represents a triumph
of science which excites the wonder of those who appreciate the
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almost insurmountable difficulties encountered in these investi-
gations. It would be of little use to discuss it here, if these facts
could not be applied to the feeding problems of the household
and farm. Amino-acids are not commercially obtainable but
products are at hand which contain proteins which furnish these

Ficure 4

Figure 4 shows photographs of some of the animals whose curves of
body weight are shown in Chart V. Although all three were of the same
age, Rat 5302 which had received a mixture of gluten feed and milk is
nearly three times as large as 5293 which received the gluten feed alone
and more than four times as large as 5292 which was fed on zein plus
tryptophane.
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amino-acids in readily obtainable form. Now let us see how we
can apply these facts.

When corn as a whole is fed, the other proteins in this seed
supplement the zein to such an extent that the animal can grow
slowly, but if the corn is combined with milk, the proteins of
which are rich in both tryptophane and lycine, growth is very
rapid.

Thus it appears that the chemical constitution of the protein
of the food influences growth and that it is absolutely necessary
to provide animals with protein of the right kind, if they are to
grow well. This applies not only to growth, but also to milk
or egg production. Both milk and eggs are rich in protein. The
animals producing them need large amounts of protein in their
food, but until the differences in the chemical constitution of
the proteins of different feeds were discovered, it was not appre-
ciated how important it is to provide protein of the right kind.
This fact has been unconsciously recognized by milk producers
for they always feed protein from several sources. This practice
is an attempt to furnish a mixture of proteins which will mutually
supplement each other, but whether the mixtures now in general
use are yielding the best results at the least cost remains to be
determined. As yet we do not know the actual protein require-
ments of milk production. Are these similar to those of growth?
This problem remains for future study.

That a proper combination of proteins may mean much in the
way of profits when growing animals are fed is illustrated by the
following from a bulletin recently issued by the Ohio Agricul-
tural Experiment Station. In a series of experiments, compar-
ing the value of corn alone with combinations of corn and
tankage, or corn and skim milk, it was shown that a bushel of
corn fed alone produced only nine pounds of gain. The same
quantity of corn fed in combination with 5.5 pounds of tankage
produced 13.3 pounds of gain, and corn fed with 168 pounds
of skim milk, equal to 17 pounds of dry food, increased the gain
to 21.8 pounds per bushel of corn fed. In other words, each ten
pounds of the dry matter in the skim milk replaced 54.9 pounds
of corn. Expressing these results in terms of dollars and cents,
corn alone produced pork at a loss of $8.38 per 100 pounds of
gain, whereas nine parts of corn fed with one part of tankage
produced pork at a profit of $14.91 per 100 pounds of gain, and
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one part of corn fed with three parts of skim milk yielded a
profit of $35.59 per 100 pounds of gain.

THE VITAMINES OF MILK.

Another constituent of milk which has a unique value in the
dietary is the butter fat. If a young rat is fed on a ration
adequate in all respects except that the fat is furnished by lard,
or vegetable oils like olive oil, it will grow normally for a period
of about 80 days, then suddenly it declines in weight and soon
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Chart VI shows that butter fat contains something essential for normal
growth, These curves show that after feeding a diet of purified food-
stuffs, the fat being lard, the animals after growing normally for several
weeks suddenly began to lose weight. When a part of the lard was
replaced by butter fat (shown by the beaded line), they immediately
recovered. These animals would have died in a few days if this change
had not been made.
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dies. Such animals frequently suffer from sore eyes and in many
cases develop large ulcers on the eyeball. A small amount of
butter fat added to the diet causes an immediate recovery of
health, gain in weight and prompt restoration of the eyes to their
normal condition. This marvellous effect is due to the presence
in the butter fat of something of, as yet, unknown nature, which
for the time being is called the fat-soluble vitamine. The presence
or absence of this substance in any foodstuff can be detected only
by feeding young animals.

Chart VI shows the weight curves of rats which declined on a
diet in which lard was the sole fat component and then rapidly
recovered when part of the lard was replaced by butter fat.

- Recently it has been reported from some parts of Europe that
many children have been afflicted with a disease called xeroph-
thalmia, which is characterized by the development of ulcers on
the eyeball.

Figure 5 shows a photograph of a child thus affected. This
condition is strikingly like that exhibited by rats fed on rations
deficient in the butter-fat vitamine, and is probably due to the
same cause, for these xerophthalmic children who had been fed
almost entirely on skim milk and cereals were promptly cured
by whole milk or cod liver oil. It is still unproved that this butter
fat vitamine is essential for adults. We have maintained mature
rats for many months in good condition on diets containing no
known source of this substance, and as yet they have shown no
signs of malnutrition. For the normal growth and development
of the young, however, it is absolutely essential.*

Just what these vitamines are has not been discovered yet,
but at least three types exist, namely the fat-soluble or “A”
vitamine; the water-soluble, “B,” and the antiscorbutic, “C”
vitamine. Milk contains some of the antiscorbutic vitamine

* It is worth noting that Dr. H. C. Wells, who had charge of the dis-
tribution of food in Rumania for the American Red Cross, tells us he made
successful application of our observation that cod liver oil contains much
of the fat-soluble vitamine.

A cargo of cod liver oil at Archangel having been offered to him he im-
mediately ordered it sent to Rumania hoping by its use to save the eye-
sight of thousands of children whose eyes were in the same condition as
those of rats fed on a diet deficient in the fat-soluble vitamine. By giving
this cod liver oil to these children a large majority were saved from
permanent blindness, even after their eyeballs had become entirely opaque.
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which prevents scurvy, though less than do some of the vegetable
and fruit juices, notably orange juice. This vitamine is sensitive
to heat, hence children fed on pasteurized or boiled milk are more
susceptible to infantile scurvy than are those fed on unheated
milk, unless the scurvy-preventing vitamine is given them in
some fruit or vegetable juice in which it is abundant.

The relation of the fat-soluble vitamine to nutrition, and its
presence in butter fat have already been discussed at considerable

FIGURE 5

This child was fed on skim milk, and as a result an ulcer developed on
one eyeball. This was because it did not get any of the so-called fat-
soluble vitamine which is present in the butter fat. Plenty of cream,
butter, or cod liver oil will cure this child’s eye. Young rats develop this
same disease when fed on diets free from the fat-soluble vitamine and
are promptly cured by adding a little butter to their diet. (Photograph
from Bloch, C. E., Ugeskrift for Laeger, Mar. 8, 1917, 79, 309, 349.)

length. It is only necessary to add that this vitamine is quite
resistant to heat, for we have passed live steam through melted
butter fat for two and one-half hours without destroying its
potency.

The third type of vitamine, known as the water-soluble vita-
mine, is also present in milk. Without an adequate supply of
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this food accessory in the diet, life cannot be maintained. An
animal which is fed on a ration containing no known source of
this vitamine dies within a short time. If, however, when ap-
parently dying, a very little of this food accessory is given, it
recovers with surprising rapidity. This may be given in the form
of milk, yeast, commercial wheat embryo, or any other natural
foodstuffs.
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Chart VII illustrates the typical recovery (in Period 4) of a rat which
had declined on a diet lacking the so-called water-soluble vitamine
(Periods 2 and 3), when the animal was given milk which contains this
vitamine, This rat would have been dead in a few days if the milk had
not been given.

Chart VII shows the rapid decline in weight typical of feed-
ing a food deficient in the water-soluble vitamine. It also shows
the effect of feeding an abundance of dried milk as a source of
this vitamine.

That the water-soluble vitamine is something apart from and
independent of the fat or protein of the milk is shown by the
results of our experiments. For many years we used the product
obtained by evaporating to dryness milk freed from fat and
protein as a source of the water-soluble vitamine in the diets
fed to our experimental animals.



THE VITAMINES OF MILK, a5

Chart VIII shows that this product which we have called
“protein-free milk” is just as efficient as a source of water-
soluble vitamine as is the whole milk. Contrary to what appears
to be generally believed, the water-soluble vitamine is resistant
to heat. “Protein-free milk” prepared by evaporating at a
temperature not far below that of boiling water is just as efficient
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Chart VIII is a further illustration of the necessity of an abundance of
the water-soluble vitamine in the food, if the animal is to live. In Period
1 the animal grew normally on an ordinary mixed diet. In Period 2,
on a diet adequate, except for the lack of this vitamine, it declined rapidly
and would soon have died if some source of this vitamine such as protein-
free milk (milk freed from fat and protein) had not been fed (Period 3).
The protein-free milk contains not only the salts and the lactose of the
milk but also the water-soluble vitamine. On the casein diet the weekly
food intake (shown by the dotted line at the bottom) declined steadily
from nearly 80 grams to a little over 20 grams, but rose immediately to
about 80 grams when the protein-free milk (water-soluble vitamine) was
given.

260
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as a source of vitamine as is an equivalent quantity of fresh,
unheated milk. Even boiling for several hours does not destroy
this vitamine.

By what means this vitamine exerts its marvellously beneficial
influence is still unknown. The rapid gains in weight following
its use are always accompanied by a very great increase in the

FiGure 6.

The lower picture shows a rat which had been fed for one month on a
diet deficient in water-soluble vitamine. At this time the animal was so
weak it was scarcely able to stand and would have died in a few hours if
some source of this vitamine had not been furnished. After the picture
was taken a small daily dose of yeast which is very rich in the water-
soluble vitamine was given to the rat, the food remaining otherwise
exactly as before. Twelve days later the upper picture was taken. The
result is apparent.

amount of food eaten, the weekly food intake frequently being
doubled and sometimes even quadrupled when a small amount of
vitamine-containing food is given to an animal declining on a food
free from water-soluble vitamine. The vitamine may act simply
as a stimulant to a jaded appetite, and the better growth may be
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due solely to the increased food intake; or it may supply one
or more essential factors needed to complete an inadequate diet,
and the effect of adding the vitamine may be analogous to that
obtained by adding a missing amino-acid, or a sufficient supply
of some inorganic element which was present in too small an
amocunt to permit of normal nutrition. When we know more
about the chemical nature of the vitamines, we may be able to
discover just what part they take in the processes of nutrition.

Professor Hopkins of England reported some experiments in
which he obtained very striking results by feeding daily small
quantities of fresh milk to rats which were on a diet supposedly
free from water-soluble vitamine. From his data the conclusion
was drawn that milk is very rich in this type of food accessory.
In some recent attempts to duplicate his results, we found it
necessary to use much larger quantities of milk than he did in
order to get comparable results.

Undiluted milk contains all the vitamine necessary for the
young animal, but in feeding babies it is the practice to dilute
cow’s milk with water and to reinforce the mixture with milk
sugar. By this procedure the vitamine content of the original
milk is so far reduced that the bottle-fed baby may get enough
of this essential food factor only when it takes a liberal quantity
of the food. Whenever appetite fails, the food intake and conse-
quently the vitamine intake are reduced. The effect of this is
to further reduce the appetite because the amount of food eaten
depends on the vitamine content of the diet. It is thus evident
that under such circumstances the child goes from bad to worse
and the endless troubles so familiar to mothers ensue.*

In feeding young animals trouble is rarely encountered when

* In this connection it is interesting that Dr. Amy L. Daniels and Dr.
Albert H. Byfield have just published in the American Journal of Diseases
of Children a report of their experience with additions of the water-
soluble vitamine to the milk diets of bottle-fed babes. These experiments
were founded on our discovery that milk contains less water-soluble vita-
mine than had been previously supposed. In each case there was a marked
increase in the rate of growth of the infant when the additional vitamine
was given and a slowing of the rate when it was omitted. From these
experiments it appears that the standard milk mixtures, used for feeding
infants, furnish too little of the water-soluble vitamine even when con-
sumed in normal amounts,
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the food is right. On the other hand very slight defects in the
food lead to countless difficulties.

THE SuGAr oF MILK.

At present we do not know whether or not milk sugar has
any greater value for nutrition than have other carbohydrates. It
has been thought that liberal quantities of milk sugar in the diet
produce lactic acid in the intestine and thus transform the bac-
terial flora from a type which produces putrefaction to one
which checks this process. None of the other kinds of carbo-
hydrates tested has this effect, but to what extent this change is
advantageous to the body is at yet undecided.

TaE MiNneEraL MATTERS oF MILK.

Milk also holds a valuable place in the average dietary, on
account of the composition of its mineral constituents. Cereal
foods contain relatively little calcium, sodium or chlorine, hence
animals are unable to grow on diets composed solely of cereals
unless these inorganic deficiencies are supplemented. Milk, on
the other hand, is rich in calcium, for it contains about three
times as much as does the entire wheat grain, and about six times
as much as does corn meal. The presence of an abundant supply
of calcium in the food is essential, for it not only contributes to .
the maintenance of the proper neutrality of the body fluids, but
is needed to form strong and well-developed skeletons. A liberal
consumption of milk by growing children is, therefore, desirable
as a “factor of safety” against deficiencies in the mineral
nutrients of the other constituents of the dietary.

THE Cost AND EcoNoMY oF MI1LK.

Now let us consider the cost of this exceptionally valuable
food as compared with other common foods and see how much
truth there is in the statement that its cost makes its free use
prohibitive to all but a few.

It is difficult to put an exact value on a complicated product
like milk, but a fair estimate of its relative value compared with
other food products can be reached by calculating the cost of the
several types of food elements in milk and other staple products.
Milk sugar has the same food value as cane sugar. We can
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buy a pound of the latter for 11 cents, so we may assign this
value to the sugar in milk. Milk fat has a higher value than have
ordinary food fats as shown by the higher price of butter, but
let us assume that in milk, fat is worth no more than lard, say
about 35 cents a pound.

One hundred pounds of average milk contain about 12.5 pounds
of solids of which five pounds is sugar, worth 55 cents at 1I
cents a pound, and four pounds of fat worth $1.40 at 35 cents
a pound, or $1.95 for the fat and sugar. One hundred pounds
of milk contain 4614 quarts, which at 16 cents a quart is $7.45.
Subtracting $1.95 from $7.45 leaves $5.50 for the 3.3 pounds of
dry protein in the one hundred pounds of milk, or $1.67 per
pound.

Now, how much does dry protein cost in meat or eggs? One
hundred pounds of lean round of beef contain 7.3 pounds of
fat worth $2.55. Subtracting this from $50, which one hundred
pounds of this cut of beef now costs at retail, leaves $47.45 for
19.5 pounds of dry protein, or $2.43 a pound; 76 cents a pound
more than milk protein. The difference is even greater for eggs,
for by the same method of calculating, in storage eggs at 55 cents
a dozen protein costs $2.64 a pound, or 97 cents a pound more
than milk protein. According to this method of calculation only
when the lean round of beef sells for 35 cents a pound and eggs
sell for 35 cents a dozen are they as cheap sources of protein as is
milk at 16 cents a quart. Thirty-five cents spent for milk at the
present price buys nearly as much protein, about two and one-
half times as much fat and more than twice as much energy as
is contained in a pound of lean Hamburg steak. In buying milk,
moreover, one is procuring protein of exceptional value because
it enhances the nutritive value of our cereal foods. In addition
one is obtaining a liberal supply of vitamines, whose value cannot
be estimated in dollars and'cents, for as yet we have no adequate
knowledge regarding their relative abundance in different foods.

Since milk is so vitally essential as a food for growing chil-
dren and is such a valuable supplement to a diet composed largely
of cereals, vegetables, meat, sugar and fats, the production of
milk should be stimulated so that there may be an abundance
of milk and milk products of the highest possible grade at prices
which shall put them within the reach of all.
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SuMMARY,

Milk is absolutely essential for the life of infants and very
young children.

It is a most desirable adjunct to the diet of older, rapidly
growing children. \

It is the main dietary reliance in cases of disordered digestion
or extreme illness. '

Milk contains an abundance of protein, fat, carbohydrate and
mineral nutrients, and its proteins are not only of superior value
when used alone, but they are especially adapted to supplement
the protein deficiencies of the cereals which form so large a part
of the daily ration of mankind. Its mineral nutrients also
supplement the deficiencies of the cereals, meat, sugar and fats
in these important elements. Moreover it contains the three
vitamines without which life cannot be maintained.

The scurvy-preventing vitamine is destroyed by heat and there-
fore if infants are fed on pasteurized or sterilized milk the use
of orange juice or some vegetable extract is necessary to avoid
the possibility of scurvy.

Whole milk contains enough water-soluble vitamine to meet
an infant’s requirements, but if “the top of the bottle” diluted
with water is fed, the supply of this essential vitamine may be
insufficient unless it is supplemented from some other source.

Milk is the only food known which is capable of serving as
the sole constituent of an adequate ration.

Milk is a cheaper form of food at 16 cents a quart than either
beef at 35 cents a pound or eggs at 35 cents a dozen.
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Insects Attacking Squash, Cucumber and
Allied Plants in Connecticut.

By W. E. BrirtoN, Entomologist.

A paper on this subject was published in the report of this
Station for 1908, page 805, but it has long been out of print.
The present paper follows the plan of the earlier one, but has
been revised, enlarged, and wholly rewritten, and is published
in this form so that the information can be placed in the hands of
truck crop growers throughout the state.

For the past five years, cucurbitaceous plants have been grown
each year at the Station farm at Mount Carmel for the purpose
of studying the insects attacking them and methods of control.
Consequently this paper is more than a compilation, and embodies
the results of our own experiments and experience.

Cucumbers, squashes, pumpkins and melons are grown rather
extensively in Connecticut, and are attacked and often severely
injured by a number of insect pests. For the hasty identification
of these insects the reader is referred to the following key revised
from the earlier paper mentioned above :—

KEY TO INSECTS OF SQUASHES, PUMPKINS, CUCUMBERS
AND MELONS.

Boring in the roots and stem— FAGE

Small, slender larvae tunneling in the main root or stem below
ground
Striped cucumber beetle, Digbrotica vittata 34
Large, stout larvae boring in squash stems above ground
Squash vine borer, Melittia satyriniformis 39
Devouring the stem and leaves—
Small (1.2 mm.) purplish jumping springtails
The garden flea or springtail, Sminthurus hortensis 37
(2 mm.) black jumping beetles feeding upon the young leaves
Cucumber flea beetle, Epitrix cucumeris 38
Larger (5-7 mm.) yellowish beetles feeding upon the leaves.
Body yellow, marked with three longitudinal black stripes
Striped cucumber beetle, Digbrotica vittata 34
Body greenish yellow, marked with twelve black spots
Twelve-spotted cucumber beetle, Diabrotica xii-punciata 37
Large (8-10 mm.) hemispherical beetle, orange, marked with black
spots, or yellow larva with black spines
Squash lady-beetle, Epilachna borealis 42
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Sucking sap from the under side of the leaves—
Small dark green or brownish plant lice, often very abundant
Melon aphid Aphis gossypéi 47
Larger bright green plant lice usually not abundant
Squash aphid, Macrosiphum cucurbitae
Grayish-brown bug with spicy odor (15 mm. when full-grown)
Squash bug, Anasa tristis 44
Small greenish-white scale-like insects on the under leaf surface
of plants growing under glass or near greenhouses. Pure-
white moth-like adults resting on the leaves, and flying about
Greenhouse white-fly, Asterochiton vaporariorum 50

&

CHEWING INSECTS.

TaE STRIPED CUCUMBER BEETLE.

Disabrotica vittats Fabr.

As soon as the plants appear above the surface of the ground,
and sometimes before, they are attacked as shown on plate I, ¢,
by small beetles, striped lengthwise with yellow and black. These

Figure 7. The striped cucumber beetle: a, adult beetle; b, larva; e,
pupa; d, side view of anal segment. All greatly enlarged. (After Chit-
tenden, Circular 31, Bureau of Entomology, U. S. Department of Agri-
culture.)

beetles eat away the tender tissue of seed leaves and young
stems, often killing the plants unless treatment is given. They
are about one-fifth of an inch (5 mm.) in length, with thorax and
wing-covers yellow, with head and three longitudinal stripes,
black. See figure 7, and plate I, b.
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At the time the beetles are feeding they are also mating and
the females lay eggs around the stem, just below the surface
of the ground. These eggs are shown on plate I, a. The larvae
hatching from them are slender whitish grubs with black heads,
which tunnel in the roots or main stem in the ground, sometimes
causing considerable injury, as shown on plate II, though prob-
ably this injury is less than that caused by the adults. The tun-
nels afford entrance for the wilt diseases which are often serious.
The white pupa stage lasts about a week and occurs in the ground.
There are two generations each year in the South, but only one in
Connecticut, and the winter is passed by the adult beetles in the
ground. Late in the summer the beetles are often abundant
and feed upon the flowers of squashes and cucumbers and also
upon goldenrod and other native flowers. They are often found
resting in the curled leaves of the old vines.

One parasite, a Tachinid fly, Celatoria diabroticae Shimer,
has been reared from the striped cucumber beetle in California
and Texas.

METHODS OF CONTROL.

Control methods in vogue against this insect may be classified
as follows:—
(1) Cultural practices.

(2) Covering the plants.
(3) Applying poisons or repellents.

(1) Cultural practices consist of crop rotation, the use of
quick-acting fertilizers to force plant growth, plowing, destroy-
ing old vines, time of planting, anid the use of trap crops. Some
of these need no explanation. It is advisable where possible, to
plant the seeds in berry baskets or paper pots under glass and
set them in the field when they are five or six inches tall as they
are not so liable to be destroyed. Deep plowing in the spring
will expose many hibernating adults which may be killed before
they have a chance to attack the vines. As soon as the crop has
been harvested in the fall, the vines should be gathered and
burned to kill the insects resting on them. A light harrowing of
the ground immediately afterwards will kill many of them.

Trap crops of squash or beans may be planted early around
the field to attract the beetles. These can then be poisoned and




36 CONNECTICUT EXPERIMENT STATION BULLETIN 216.

many of the beetles will be killed before the regular crop is ready
to be attacked.

(2) The hills may be covered with plant protectors of wire cloth
or cheese cloth to keep the beetles away from the plants. Cloth
covered protectors are for sale on the market, or may be made at
home by cutting a barrel hoop in two equal parts and fastening
the centers of the two pieces together at right angles, setting the
ends in the ground and covering with cheese cloth or mosquito
netting. Still better, fasten the ends of the semicircular pieces
to another hoop lying horizontally and cover the whole with
netting to make a portable frame protector. As soon as the
plants fill the protectors, the protectors may be removed and
stored, for the following season. The cloth will usually last about
two years, possibly three, then the frames will need recovering.
It is often necessary to mend or patch the netting when small
holes get torn in it. Boxes and various other forms of wood
and netting may be adapted for service as plant protectors, but
they are for use in the home gardens.

All forms of plant protectors must be placed over the hills
before the beetles appear. Factory-made protectors are shown
on plate III, c.

(3) Most commercial growers apply poison to the young plants
as a protection. Lead arsenate is perhaps the best for this pur-
pose, and it may be used as a spray or as a dry powder. The
beetles do not like to come out of the ground through a layer
of dry powder, and a heavy application of dry arsenate of lead
is usually effective. If the plants are sprayed, it is essential that
the under surface of the leaves be coated or the beetles will con-
gregate there and eat away the substance of the plant. Where
cucumbers are grown, it is advisable to spray them with Bordeaux
mixture to which lead arsenate may be added at the rate of two
ounces of the paste or one ounce of the dry powder to one gallon
of the liquid.

Various other dry powders, such as air-slaked lime, gypsum
or land plaster, and soot, freely dusted upon and around the plants
are of considerable value in controlling the striped cucumber
beetle.
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Tae TweLVE-SPOTTED CUCUMBER BEETLE, OR SOUTHERN
CorNn RooT WoryM,

Diabrotica xii-punctata Oliv.

Though having a long list of food plants, including nearly all
of the common vegetables, and not usually considered as a par-
ticular pest of cucurbitaceous plants, it has been so abundant in
certain fields in some seasons that considerable damage must
have resulted from it. In the South, the larvae are a serious
pest of corn roots, and it is called the corn root worm. It also
attacks rye, millet, and garden beans, often doing considerable
damage.

The adult beetle shown on plate III, a, is somewhat larger
and stouter than the striped cucumber beetle, and averages about
7 mm. in length. The wing-covers are greenish-yellow, marked
with twelve black spots varying in size and arranged in three
transverse rows. The thorax is bright yellow and the head
black. The legs, except basal half of thighs, and the antennae
are blackish; basal half of thighs greenish-yellow.

The life history is similar to that of the striped beetle, each
female laying two or three hundred eggs in the soil. These eggs
hatch in from one to three weeks, and the larvae tunnel in the
roots of corn and other plants, becoming mature in from two to
five weeks: then they pupate in earthen cells in the ground, the
beetles emerging a week or two later.

When abundant this insect can be controlled in the same manner
as the striped cucumber beetle.

THE GARDEN FLEA OR SPRINGTAIL.

Sminthurus hortensis Fitch,

Small seedling plants of many kinds are occasionally injured
by very small jumping flea-like purplish insects which swarm
in the soil and eat small holes in the leaves and stems, sometimes
killing the plants. If the plants reach several inches in height
and produce their second leaves, they will not be injured by these -
springtails.

The garden flea or springtail is about one-twentieth of an inch
long, dark purple with pale yellow spots, and at the tip of the
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abdomen there is borne a peculiar forked appendage by means
of which it jumps.
This is one of the lowest forms of insects, and is very abundant
for two or three weeks just as the seedlings are coming up.
Dusting with insect powder or ground tobacco is suggested
as a remedy. Spraying with nicotine would doubtless kill great
numbers of the springtails.

TaE CucuMBER OR PoTATO FLEA-BEETLE.
Epitrix cucumeris Harris.

The seedling plants of cucumbers are often attacked and
injured by a small black jumping beetle which eats holes in the
leaves. This is the same pest that commonly injures potato,
tomato, egg-plants and tobacco in Connecticut fields and is shown
in figure 8. It is about one-sixteenth of an inch in length, legs
and antennae are yellowish, wing-covers and thorax, jet black.

Ficure 8. The cucumber flea beetle Epitris cucumeris, greatly enlarged.
(After Chittenden, Bureau of Entomology, U. S. Department of Agri-
culture.)

The adult beetles live through the winter under leaves and
rubbish and the eggs are laid in May and June. The larvae are
white thread-like worms which feed upon roots and therefore
live and transform beneath the surface of the ground. Probably
there are two, and possibly three, generations each year.

Flea beetles may be killed by arsenical sprays; driven away
by repellents; or trapped by mechanical devices.

Ordinarily the application of lead arsenate to control the striped
cucumber beetle will also control flea-beetles. Bordeaux mixture
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is recognized as a repellent by gardeners, and may well be
applied with the lead arsenate as it is needed to control certain
fungous diseases and should be sprayed against both upper and
under surfaces of the leaves.

Insect powder, one pound in ten gallons of water, or lead
arsenate mixture in which gelatine has been incorporated gave
the best results in tests in 1914 at the New Jersey Station.*

For controlling flea-beetles on potatoes, Prof. C. L. Metcalf
devised a sticky box or trap which has been described,} but
which is hardly necessary to consider in connection with cucurbi-
taceous plants. The application of lead arsenate will usually be
found sufficiently effective.

THE SQuasH-VINE BORER.

Melittia satyriniformis Hubn.

With the possible exception of the striped cucumber beetle,
which is occasionally very destructive, the squash-vine borer is
the most important pest of squashes and pumpkins in Connect-
icut. This insect causes the vines to wither in July and August,
and to die before maturing their crop. Cucumbers and melons
are seldom attacked if squashes and pumpkins are plentiful in
the neighborhood.

The larva or borer tunnels in the main stem near the surface
of the ground as shown on plate IV, and decay sets in often
involving the whole stem which frequently becomes entirely
severed, thus shutting off the supply of sap to the plant. The
wilting is usually the first sign of attack, though an earlier
examination would show the yellow pellets of frass or excrement
which are thrown out of holes in the stem.

The adult is one of the clear-wing or Sesiid moths having a
wing-spread of from one to one and one-fourth inches. The
fore wings are opaque dark olive-green with a metallic luster and
a fringe of brownish-black. The rear wings are transparent
with a bluish reflection, and veins and fringe are black. The
thorax and antennae are colored about like the fore wings, with

* Report New Jersey Agricultural College Experiment Station for 1914,
page 378,

+Journal of Economic Entomology, Vol 8, page 240, 1915: Report
Conn. Agr. Expt, Station for 1918, page 105.
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abdomen reddish-brown, legs bright orange and tarsi black with
white bands. When at rest the wings are folded horizontally as
shown in figure g, b.

The egg is about one millimeter in diameter, oval in outline,
flattened at the point of attachment, and is dull red in color. The
female may lay two hundred or more eggs, and at first these
are deposited singly on the stem of the vine near its base during
June or early July in Connecticut. Later in the season, the eggs
may be laid at almost any point on the plant and the borers are
often found in the leaf petioles. From six to fifteen days are

Figure 9. The squash borer: g, male moth; b, female, with wings
folded as when at rest; c, eggs on section of squash stem; d, full-grown
larva in the stem; e, pupa; f, pupal cell. All one-third larger than
natural size, (After Chittenden, Circular 38, Bureau of Entomology,
U. S. Department of Agriculture.)

required for the eggs to hatch and the young larvae enter the
stem and begin their depredations, usually working toward the
root, but frequently going in the opposite direction. Later in the
summer the larvae may be found tunneling in all parts of the
stem, leaf petioles and even in the fruit. The mature larva is
a fat white grub, with black head, and is about an inch in length.
When ready to transform it goes into the ground one or two
inches below the surface, and spins a tough brownish cocoon,
into the outer layer of which particles of soil are fastened. This
cocoon is about three-fourths of an inch long. In Connecticut
the caterpillars remain in their cocoons until the following season.
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There are two broods in the South but only one in Connecticut.
Between the latitudes of Long Island and Washington, D. C,
there is a partial second brood.

The pupa is about five-eighths of an inch in length, is dark
brown, and its head bears a sharp horn-like projection by means
of which it cuts its way out of the cocoon.

This insect occurs throughout the eastern half of the United
States from Canada south to Mexico and into South America.

METHODS OF CONTROL.

The application of arsenical and contact insecticides are of
no avail against this insect. Cultural practices must be relied
upon to hold it in check, and are as follows:—

(1) Plant early squashes as trap crops to be destroyed later.

(2) Cut out the borers with a knife.

(3) Cover the vines with soil to induce the growth of new
roots.

(4) Collect and burn the old vines as soon as the crop is
harvested.

(5) Crop rotation.

(1) In some localities growers have been successful in planting
early varieties such as crooknecks between the rows or around
the margins of the field. The moths will lay their eggs on these
plants which can later be pulled up and burned. The main crop
appearing later will escape the larger part of the infestation.

(2) Wherever a plant has become infested, a careful cut
lengthwise the stem with a small, sharp knife will disclose the
borer, which can then be killed with the knife. A careful
examination of the basal portion of the vine will disclose the
presence of a borer, as the yellow frass is always thrown out
through a hole in the side of the stem. Such an examination
should be made early in July and repeated several times during
the month and even in August. If the vine has not been seriously
injured and decay has not set in, the incision will heal.

(3) As there is always danger that a borer may be overlooked,
each vine should be covered with soil at a point two or three
feet from its base after it is well started running along the
ground. New roots will be formed at this point and even if decay
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wholly destroys the stem at its base the new roots enable the
plant to keep on and mature its crop. The writer has seen a
squash vine yield a good crop, when treated in this way, where
the main stem was entirely severed from its root system.

(4) As the moths do not all appear at the same time, the egg-
laying period extends over a long time or perhaps the greater
portion of the summer. Consequently, larvae may be present
somewhere in the vines late in the season. Gathering and burn-
ing the vines after the crop has been harvested will destroy many
of these larvae which have not gone into the ground to pupate.

(5) As the squash-vine borer hibernates in the ground, it is
advisable not to grow squashes on the same field year after year.

THE SqQuasH LApY-BEETLE.

Epilachna borealis Fabr.
Though nearly all of the lady-beetles are carnivorous and
therefore beneficial because they feed upon and destroy injurious
insects such as aphids and scale insects, there is one exception in

Ficure 10. The squash lady-beetle: @, larva; b, pupa; ¢, adult beetle,
three times natural size; d, egg, four times natural size; e, surface of
same highly magnified. (After Chittenden, Bulletin 19, Bureau of Ento-
mology, U. S. Department of Agriculture.)

Connecticut in the squash lady-beetle. This species (both adults
and larvae) feeds upon the leaves of cucurbitaceous plants but
does more injury to squash than to the other plants of this group.
The adult beetles pass the winter under the bark of dead trees,



PLATE I.

a. Eggs, as laid in the soil. h. Striped cucumber beetle.
Five times enlarged. Enlarged four times.

c. Work of the striped cucumber beetle. Natural size.

STRIPED CUCUMBER BEETLE.



PLATE II.

Cucumber plants injured by the larvae of the striped beetle,
Natural size,




PLATE III.
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a. Twelve-spotted cucumber b. Eggs of squash-vine borer.
beetle. Enlarged four times.

¢. View at farm showing protectors over cucumber plants.



PLATE IV.

SQUASH BORER: ADULT AND WORK OF LARVAE IN SQUASH STEMS.
Slightly enlarged.
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PLATE V

A field of healthy squash vines,

a.

Vine wilting from the attacks of the squash-vine borer.

b.



PLATE VI.

¢. Squash lady-beetle. Twice natural size.

c.

b. Larva of squash lady-beetle. Enlarged.

Work of the squash lady-beetle. Greatly reduced:

SQUASH LADY-BEETLE.




PLATE VIIL

a. Squash bug. Twice natural size.

. b. Eggs and young squash bugs. All na}ural size.

SQUASH BUG.



PLATE VIII.

a. The potato aphid on squash leaf. Natural size.

b. Greenhouse white-fly. Adults and pupa skins. Enlarged
four times.
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stumps, etc., or other sheltered places, emerging in June and
laying their eggs on the under surface of the squash leaves,
These hatch in about twelve days and the larvae begin to feed
upon the under side of the leaves. The larvae appear in Connect-
icut about the middle of July and become fully grown in about
three weeks or early in August. The larva is about three-eighths
of an inch in length, yellow, with six rows of long black branched
spines. The pupa is yellow and like those of its kind is attached
by the tail to the under surface of the leaf: it lasts from six to
nine days. There is only one generation each year. All stages
of this insect are shown in figure 10; adults and larvae on plate
VI

Though the larvae are found feeding upon the under side of
a leaf in July and August, the adults are generally present at the
same time as well as earlier and later, feeding upon the upper
surface. The adult has the peculiar habit of marking out with
its mandibles a definite area on the leaf, and then feeding within
this area. This form of injury is shown on plate VI, c. The
squash lady-beetle is usually a minor pest being present only in
small numbers; handpicking is generally the best method of
control in such cases. If abundant the vines should be sprayed
with lead arsenate, using perhaps two pounds of the paste in
fifty gallons of water.

OtHER CHEWING INSECTS.

Cutworms.—The small plants are often eaten off by cutworms,
which are the larvae of several species of Noctuid moths. In
small plantations these can be hunted and crushed, but in large
fields where cutworms are destructive, the following mash should
be employed :—

Wheat bran ....covvviviiiiiiinnnnn. 5 pounds
Paris green or white arsenic ......... 5 ounces
Lemon ororange ..........cvvnnnn. 1 fruit
Molasses ....cccoiviiiiiiiiiniinaiins I pint
T 7 pints

Mix the dry poison and bran together. Squeeze the juice from
the orange or lemon into the water and also add the pulp and
peel cut in small pieces: then add the molasses and stir. Mix
the syrup thoroughly with the poisoned bran. This will make a
rather dry mash which may be scattered thinly over the field
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at the time when the injury is first noticed. As the cutworms
feed at night, the mash should be applied just before dark: the
cutworms will be attracted by the fresh citrus juice and molasses.
If allowed to become dry before night, it will have lost in some
measure its attraction for the cutworms. Late fall plowing and
very thorough harrowing will reduce the numbers of cutworms.

Wireworms.—These are the larvae of click beetles and often
are so abundant as to injure various crops. They are slender,
hard, cylindrical grubs usually smooth and shiny and light brown
in color. They injure plants by tunneling in the roots, especially
the main stem below the surface of the ground. Crop rotation,
fall plowing and thorough harrowing are the best preventives.

In the South, the pickle worm Diaphania nitidalis Stoll, and
the melon worm Diaphania hyalinate Linn., cause much injury
to crops of melons, cucumbers and squashes, but though they
occur in Connecticut, they are rare and seldom are found feeding
upon these plants in cultivated fields. Planting a succession of
summer squashes at intervals of two weeks as trap crops seems
to be the best method of controlling these insects.

Certain other general feeders sometimes attack squashes and
cucumbers. The stalk borer Papaipema nitela Guen. was found
by the writer in the stem of a melon plant in 1918. Various
caterpillars of the families Noctuidae and Arctiidae occasionally
feed upon the blossoms, leaves or young fruit, but can scarcely
be considered as pests of the crop in Connecticut.

SUCKING INSECTS.

THE SquasH Buc. .

Anasa tristis Degeer.

The squash bug, or “stink bug,” is an important pest of
squashes and pumpkins, though as a rule it does not injure
cucumbers and melons in Connecticut. It injures the plants by
puncturing the tissues of a vein on the under side of a leaf,
and sucking out the sap. This causes the leaf to wilt badly and
die. Frequently all the leaves on a vine wilt from the attacks of
these bugs and the entire vine dies. .

The range of this insect covers the entire United States, and
is from Canada to Central America. The adult bugs hibernate
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in any convenient place where they can find shelter, such as in
old vines and rubbish, under loose bark, boards, etc., and emerge
late in the spring and attack the young plants. In addition to
their punctures and withdrawal of sap from the plant, it is

Ficuse 11. Eggs of squash bug as they are laid on the under side of a
leaf. Enlarged. (After Chittenden, Bulletin 19, Bureau of Entomology,
U. S. Department of Agriculture,)

thought that some poisonous substance is injected into the wound.
A few punctures are sufficient to kill a small plant.

The female bugs lay on the under side of the leaves, dark
brown shiny eggs in clusters containing between twenty and
forty each, arranged in more or less regular rows, often in the

Figure 12. Nymphs of the squash bug; different stages, about twice
natural size. (After Chittenden, Bulletin 19, Bureau of Entomology,
U. S. Department of Agriculture.)

forks of veins, as shown in figure 11. From six to fifteen days
afterward, these eggs hatch and the young nymphs remain
together on the under side of the leaf where the egg cluster was
laid. They are at first green with pink head, legs and antennae,
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but after the first molt, they are ash-gray in color, They molt
five times during the nymphal period of four or five weeks,
during which they are sucking the sap from the plants. The
nymphs are shown in figure 12, and on plate VII, b.

The full-grown bug is about five-eighths of an inch long, dark
grayish-brown in color, and when not feeding or laying eggs,
the adults and larger nymphs gather round the base of the plant
or under clods of earth. Frequently they congregate on the
immature fruits, especially where the foliage has been killed
by frost before the nymphs reach maturity. There is only one

Ficure 13. The squash bug: a, mature female, twice natural size; b,
side view of head showing proboscis; ¢, abdominal segments of male;
d, same of female, Enlarged. (After Chittenden, Bulletin 19, Bureau of
Entomology, U. S. Department of Agriculture.)

generation each year. Adults are shown in figure 13, and on
plate VII, a, and the beak or sucking mouth in figure 14.

In the South there are two other species of this genus which
are associated with the squash bug and cause similar injury to the
plants though less abundant. In the southern states, the south-
ern leaf-footed plant bug Leptoglossus phyllopus Linn. injures
melons and various other vegetable crops, and in the central
states, the northern leaf-footed plant bug Leptoglossus oppo-
situs Say, occasionally attacks cucurbitaceous plants, but these
insects have not been recorded from Connecticut.

Methods of Control.—The adults are hard to kill and such
methods as the burning of all old vines and rubbish around the
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field, trapping under boards and handpicking are the means of
destroying them. Egg-masses on the leaves may be crushed, or
scraped off with the edge of a knife. The nymphs, especially the
younger ones, may be killed by spraying with kerosene emulsion,

FIGURE 14. Squash bug. Enlarged view showing head and proboscis.

or with nicotine solution, two teaspoonfuls in a gallon of water,
to which an inch cube of laundry soap has been dissolved and
added. In applying any spray to kill the nymphs, it is necessary
to use an upturned nozzle in order to direct the spray against
them on the under side of the leaves.

Tae MeLoN APHID.

Aphis gossypii Glover.

This is one of the most troublesome insect pests of cucumbers
and melons throughout its range over the eastern half of the
United States and southward into Brazil. In Connecticut it is
present in nearly every field of cucumbers and melons, and being
on the under side of the leaves, it escapes notice until the leaves
begin to curl on account of its attacks. It is much less trouble-
some on squashes and pumpkins, but has a long list of food
platits, including many of our common vegetables, and cotton in
the South. It is apparently able to subsist on a large number of
common weeds, though its complete life history is still unknown.
Whether it produces winter eggs, or each year migrates from the
South, or lives over in greenhouses is still a matter for specula-
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tion. It is able to multiply so rapidly that plants are often
injured in a short time. The infested leaves curl backward or
downward, making it very difficult to reach the aphids with a
spray. The melon aphid is shown in figure 15. It is preyed
upon by our common lady-beetles, larvae of syrphid flies, lace-

Ficure 15. The melon aphis: @, winged female; aa, enlarged antenna
of same; ab, dark form, side view; b, young nymph; ¢, last stage of
nymph; d, wingless female. All greatly enlarged. (After Chittenden,
Circular 80, Bureau of Entomology, U. S. Department of Agriculture.)

wing flies, and several species of parasitic four-winged flies aid
in holding it in check. ‘

Control.—In small gardens the vines can be watched and when
the aphids first appear, the vines should be sprayed or fumigated
to kill them. For fumigating, covers can be made by stretching
table oilcloth over light wood frames. Each frame should be
large enough to cover a hill, and either carbon disulphide (bisul-
phide) one teaspoonful to each cubic foot of space, or tobacco
fumes may be employed as a fumigant, The former should be
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placed in a shallow dish or saucer under the cover. Tobacco
fumes may be obtained by burning tobacco stems, or some prep-
aration of nicotine and paper.

In spraying, either kerosene emulsion or nicotine solution may
be used, and the nozzle should be upturned by using a rod bent
near the nozzle. The spraying operation will be facilitated by
training all vines to run along the rows instead of across them.

If nicotine solution is used, it should be in the proportions of
one-half pint of “Black Leaf 40” in fifty gallons of water, to
which about three pounds of laundry soap has been dissolved and
added.

Kerosene emulsion may be prepared as follows

Laundry soap (about 30 0z.) ........ 3 cakes
Kerosene ......ccoveviienvinennnnenns 3 gallons
] £ 2 gallons

After churning, dilute eight times to make one barrel (50
gallons.)

The soap should be cut into thin slices and dissolved in hot
water over a fire. 'Then remove from the fire, add the kerosene
and churn vigorously for a