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Progress in Agricultural Research 
F. B. MUMFORD, S. B. SHIRKY 

Scientific research has placed in the hands of modern man an in
strument for the control of his physical environment which has vast 
possibilities for future progress. At no time in history has man come 
so near to having complete dominion over the earth as during the present 
era. 

The agricultural industry, in common with invention and discovery 
in other phases of our national life, is being revolutionized through 
changes in systems of agriculture and in the organization of farm en
terprises. These changes are gradual, and at the present time in some 
cases unrecognized, but nevertheless, significant. 

Scientific research for agriculture is comparatively new. The agri
.::ultural experiment stations w~re founded in 1889 but they were very 
small and insignificant institutions at that time as compared with the 
well-organized groups of highly-trained scientists working in well-equip
ped laboratories in 1931. Very great improvement in methods of research 
is everywhere apparent. There is likewise a much clearer knowledge of 
the problems of agriculture and the fundamental bases of agricultural 
operation. 

We may confidently expect, with the organization and equipments 
now available, ' that the contributions to agriculture in the next few 
decades will exceed any equal period in the world's history. No one can 
now safely prophesy the results of these widespread researches upon the 
industry. Whatever may be the final outcome, we may feel assured that 
there is hope for all those engaged in agriculture. 

There is a crying need for a better understanding of the general 
economic conditions which control the farmers' destinies. The exact 
methods of scientific research must be applied to the economic problems 
of the farmer. There is a definite limit to the demand f6r staple products. 
There may be some opportunity for developing new products to satisfy 
existing demands or to attempt to create greater demands for the abun
dant supplies of staples. Many products of the farm which are now pro
duced in excess of our present needs can be profitably utilized for the 
manufacture of other commodities which are now, or which may be, in 
demand. There is also need for much greater attention to the utilization 
of by-products and waste materials produced on the farms. It is also 
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certain that farmers must in the future give greater attention to quality 
of product. Food industries located at or near the farm may be a future 
development of importance. 

In all of these possible changes in production, distribution, process
ing, and marketing, the Agricultural Experiment Station will be the log
ical institution to aid the farmer in his effort to secure a reasonable re
ward for his labor and managerial ability. 

CHANGES IN STATION STAFF 

Appointments 
Ural S. Ashworth-Research Assistant in Agricultural Chemistry 
T. E. Birkett-Assistant in Entomology 
J. Eric Blaney-Research Assistant in Horticulture 
Charles H. Bowen-Research Assistant in Entomology 
Sylvia Cover-Research Assistant in Home Economics 
Morrell N. Cowser-Research Assistant in Dairy Husbandry 
E. M. Funk-Assistant Professor of Poultry Husbandry 
Hazel E. Fry-Research Assistant in Home Economics 
Samuel Foster Goodsell-Assistant in Field Crops 
Minerva V. Grace-dssistant Professor of Home Economics 
Conrad H. Hammar-Assistant Professor of Agricultural Economics 
Lee Jenkins-Research Assistant in Entomology 
Dorothy Johnson-Research Assistant in Home Economics 
Paul H. Johnson-Assistant in Entomology 
Everett M. Jones-Assistant in Animal Husbandry 
J. B. McCroskey-Research Assistant in Dairy Husbandry 
Robert W. Pilcher-Instructor in Agricultural Chemistry 
Harold F . Rhoades-Assistant in Soils 
Doris E. Rhodes-Research Assistant in Home Economics 
Luther R. Richardson":'-'Assistant in Agricultural Chemistry 
J. Daniel Rinehart-Research Assistant in Dairy Husbandry 
Elmore F. Sanders-Instructor in Veterinary Science 
Estill E. Schnetzler-Instructor in Poultry Husbandry 
Dwight D. Smith-Research Instructor in Agricultural Engineering 

Resignations 
J. Eric Blaney-Research Assistant in Horticulture 
Richard Bradfield-Associate Professor of Soils 
Meade T. Foster-Assistant Professor of Animal Husbandry 
Everett M . Jones-Assis.tant in Animal Husbandry 
C. L. Shrewsbury-Instructor in Agricultural Chemistry 
Knowles C. Sullivan-Assi,rtant Professor oj Entomology 
Russell E. Uhland-Instructor in Soils 
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PUBLICATIONS 

A. A. JEFFREY, Agricultural Editor 

The publications of the Agricultural Experiment Station exceeded 
all former records in the number of research bulletins and popular 
bulletins issued. There were 21 of the former and 15 of the latter printed, 
containing a total of 1,430 pages. The number of copies issued was 
172,500. 

Table 1 gives the serial number, title, pages, and number of copies 
of each publication issued during the year. 

TABLE I.-PUBLICATIONS OF THE AGRICULTURAL EXPERIMENT STATION FOR THE 

YEAR END'ING JU NE 30, 1930 

Serial 
Title Pages Copies 

Total 
N·umber Pages 

Research Bulletins 
123 Retarded Growth and Mature Size of Steers 52 2,500 130,000 
124 The Effect of Inadequate Rations on the 

Composition of the Blood and of the 
Bone of Chicks ___________________ ___ 20 2,000 40,000 

125 Contacts in a Rural Community ___ _______ 76 2,000 152,000 
126 The Effect of Different Pasteurization Tem-

peratures on Several of the Physical 
Properties of Milk ____ _______________ 12 2,000 24,000 

127 The Effect of Homogenization at Different 
Pressures on the Physical Properties of 
an Ice Cream Mixture and the Resulting Ice Cream __________________________ 

24 2,000 48,000 
128 The Effect of Processing Ice tream Mixtures 

at Different Pressures when the Milk 
Solids not Fat Contentis Varied ____ __ _ 42 2,000 84,000 

129 The Effect of the Amount and Nature of Ex-
changeable Cations on the Structure of 
a Colloidal Clay ____ _____ _______ _____ 48 2,000 96,000 

130 A Statistical Study of the Size of Fat Glob-
ules in Cow's MilL __ _______ ____ _____ 12 2,000 24,000 

131 A Classification of Soybeal1s ____ __________ 54 5,000 270,000 
132 Legume Bacteria with Reference to Light 

and Longevity _________ _____________ 2O 2,500 50,000 
133 Blackhead in Turkeys-Surgical Control by 

Cecal A blifa tion _______ ______ ____ __ _ 32 2,000 64,000 
134 The Effect 0 Different Homogenization 

Processes on the Physical Properties of 
an Ice Cream Mixture and the Resulting 
Ice Cream When the Percentage of Fat 
is Varied and the Solids not Fat Re-

135 
main Constant ______________ __ ______ 40 2,000 80,000 

Factors Influencing Properties of Fermented 
Reconstructed Milk ___ , ______________ _ 16 2,000 32,000 

136 Studies on the Pathology and Physiology of 
the Cecal Pouches of Turkeys. II. The 
Utilization of Food by Turkeys with Ab-
ligated Ceca ________________________ 12 2,000 24,000 
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TABLE l-(Continued.) 

Serial 
Number Title Pages 

137 Factors Involved in Buying MIssouri Cream_ 28 
138 Apple Pollination Investigations___________ 36 
139 A Partial Analysis ' of the MiSSburi Pig 

Survey Reports_____________________ 36 
140 The Anatomy of the Mammary Gland of 

Cattle. 1. Embryonic Development_ __ 36 
141 Growth and Development. XIII. The In-

fluence of Certain Geographical and 
Historical Conditions on the Physical 
Development of Lombardy, Brown
Swiss, Brittany, Dairy Shorthorn, Ayr
shire, and Beef Shorthorn Breeds of Cattle _______________________ ,______ 68 

142 Growth and Decelopment. XIV: (a) 
Measurements of Growing Holstein and 
Jersey Cattle on M~ssouri Farms. (b) 
Prediction Charts for Growth of Cattle _ 32 

143 Growth and Development. XV. Energy and 
Nitrogen Metabolism During the First 
Year of Postnatal Life_ _ _ __ __ __ _ __ _ __ 208 

Cop,ies 

2,500 
2,000 

2,000 

2,000 

2,500 

2,500 

3,000 

Total 
Pages 

70,000 
72,000 

72,000 

72,000 

170,000 

80,000 

624,000 
-- ---- ----

Total Research Bulletins ________ _ 904 48,500 2,278,000 

273 

274 
275 

276 
277 

278 
279 
280 
281 
282 
283 
284 

285 
286 
179 
214 

Station Bulletins 
Econol!lic P?sition of the Grape Industry in M1ssoUTL _________________________ _ 
Selecting the Dairy Sire _________________ _ 
Care, Feeding and Management of the Dairy Sire _______________________________ _ 
Testing Fertilizers, Spring, 1929 __________ _ 
The Cooperative Marketing of Fru,its and 

Vegetables on the St. Louis Market ____ _ 
Columbia Oats, a New Variety for Missouri 
Time of Harvesting Soybeans ____________ _ 
Korean Lespedeza in MissourL_---- ______ _ 
Feeding Dairy Cattle ___________________ _ 
Legume Inoculation ____________________ _ 
Fruit Pollination _____________ ~ _______ ~ __ 
Registration, Labeling, Inspection and Sale 

of Commercial Fertilizers; 1929 _______ _ 
Experiment Station Research ____________ _ 
The Combine Harvester in MissourL _____ _ 
Insect Pests of Field Crops ______________ _ 
Why Build a Silo?-and How ____________ _ 

36 6,000 
20 10,000 

16 10,000 
12 3,000 

52 4,000 
12 5,000 
28 10,000 
16 10,000 
40 10,000 
12 10,000 
12 10,000 

60 3,000 
118 5,000 
40 8,000 
36 10,000 
16 10,000 

Total Station Bulletins___________ 526 124,000 
Grand TotaL___________________ 1,430 172,500 

216,000 
200,000 

160,000 
36,000 

208,000 
60,000 

280,000 
160,000 
400,000 
120,000 
120,000 

180,000 
590,000 
320,000 
360,000 
160,000 

3,470,000 
5,748,000 

Distribution. In response to individual requests publications of the 
Experiment Station were mailed during the year to every county in 
Missouri and to every state in the United States. They were sent also 
to 31 foreign countries. Of the total number distributed by mail, 98,917 
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were sent to residents of Missouri; 42,062 went elsewhere in the United 
States; and 9,198 went (0 foreign countries. Students, teachers, Farmers 
Week visitors, and other residents of Missouri, calling at the Experi
ment Station mailing room in person, received 67,570 bulletins. 

The Farm News Service. The Missouri Farm News Service, 
is a five-column printed clipsheet containing approximately 4000 words 
and is issued weekly. This clipsheet is illustrated with coarse-screen, 
newspaper halftones which give visual presentation of Experiment 
Station discoveries and the results of their application 011 the farms of 
the State. Stereotype mats are available to newspapers in Missouri. 

The Radio News Service. Five radio broadcasting stations have 
received manuscript news service weekly throughout the year. The 
stations are KMBC at Kansas City, KFRU at Columbia, KMOX at 
St. Louis, WLS at Chicago, and KMA at Shenandoah, Iowa. This 
service consists of 1200 to 1500 words a week and is a brief summary of 
paragraphs covering the same general range of news and information 
that appears in more detail in the Farm News Service. 

SYNOPSES OF NEW PUBLICATIONS 

Retarded Growth and Mature Size of Be~f Steers, by A. G. Hogan; 
Mo. Agr. Exp. Sta. Res. Bul. 123, July 1929; pp. 3-52, fig. 32. The 
conclusions suggested by the results of the investigation are as follows: 
(1) Six years is about the normal growth period of beef steers. (2) A. 
low plane of nutrition lengthened the growth period, in one case, to 
nine years. (3) Severe undernutrition for the first three years or longer 
tends to reduce the mature size, dependent on the severity and length 
of underfeeding. (4) Retardation of growth does not result in abnor
malities of conformation. 

The Effect of Inadequate Rations on the Composition of the Blood 
and Bone of Chicks, by A. G. Hogan, C. L. Shrewsbury, and H. L. 
Kempster; Mo. Agr. Exp. Sta. Res. Bul. 124, August 1929; pp. 3-17. 
Analyses of blood and bone of chicks fed on synthetic diets were com
pared with the analyses of blood and bone from chicks fed a normal diet, 
and with chicks receiving rations deficient in one of the following vita
mins, A, B, or D. Analyses of blood and bone of chicks receiving rations 
deficient in vitamin A were normal. Rations deficient in vitamin B 
raised the level of blood sugar. A deficiency of vitamin D lowered the 
ash content of the bones. The blood sugar content of chicks reared on 
synthetic diets was high. This indicated that the synthetic rations were 
deficient in one or more factors of the vitamin B complex. 

Contacts in a Rural Community, by Henry J. Burt; Mo. Agr. Exp. 
Sta. Res. Bul. 125, August 1929; pp. 76, figs. 13. A survey was made of 
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a mid-western trade-area agricultural community. The people experi
enced three times as many contacts in as out of the community. It 
appears that 14.9 per cent of the people had no contacts in the communi
ty, and 26.7 per cent had no contacts outside. In per capita contacts of 
all types, both in and out of the community, the groups ranked as fol
lows, the highest standing first: Country young p~ople, country children, 
village young people, village children, village adults, country adults. 
The village people experienced more contacts both in and out of the 
community than did country people. Organizations produced 76.3 
contacts per capita as compared with 46 contacts per capita produced by 
unorganized activities. 

The Effect of Different Pasteurization Temperatures on Several 
of the Physical Properties of Milk, by Wm. H. E. Reid; Mo. Agr. Exp. 
Sta. Res. Bul. 126, September 1929; pp. 12, figs. 7. Increasing the 
temperature at which milk was pasteurized decreased the length of the 
cream column. The viscosity, specific gravity, and surface tension of the 
milk were not materially affected by the application of different pas
teurization temperatures. As the temperature was increased the gravita
tion of the butterfat globules was retarded. Greater distortion of globules 
when photographed, was apparent at the higher temperature. 

The Effect of Homogenization at Different Pressures on the Physical 
Properties of an Ice Cream Mixture and tile Resulting Ice Cream, by Wm. 
H. E. Reid and G. R. Skinner; Mo. Agr. Exp. Sta. Res. Bul. 127, Sep
temper 1929; pp. 24, figs. 9. The viscosity was increased or decreased 
depending on the series of pressures applied. There was a general in
crease in surface tension with an increase in pressures. Clumping of the 
butterfat globules did not differ to any appreciable extent, within mix
tures of different pressures or ages. Agitation within the freezer reduced 
clumping and assisted in the incorporation of air. Ice cream from a mix
ture homogenized at a medium pressure was most desirable. 

The Effect of Processing Ice Cream Mixtures at Different Pressures 
When the Milk Solids Not Fat Content is Varied, by Wm. H. E. Reid and 
E. R. Garrison; Mo. Agr. Exp. Sta. Res. Bul. 128, October, 1929; pp. 41, 
figs. 32. Processing the ice cream mixture decreased the size of the fat 
globules and caused dum ping to occur. The viscosi ty and surface tension 
may be increased or decreased and was dependent on the pressure ap
plied. The whipping ability of an ice cream mixture was markedly 
affected by variation in processing pressure. The pressure and composi
tion of the mixture reflected directly on the temperature of the ice cream. 
Variation in the over-run of an ice cream during the draw period was 
affected by the temperature. 

The Efject of the Amount and Nature of Exchangeable Cations on the 
Sfructure of a Colloidal Clay, by Leonard D. Baver, Mo. Agr. Exp. Sta. 
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Res. Bul. 129, October 1929, pp. 48, figs. 9. Electrodialyzed Putnam 
clay was saturated to different degrees by titrating the H-clay with the 
hydroxides of Li, N a, K, Mg and Ca. The saturation capacity of this 
clay was found to be 57 milli-equivalents of base per 100 grams of clay. 
Two types of viscosity and hydration changes were observed in these 
clay soils, (1) that due to water enmeshed between the particles in ag
gregate formation and (2) to water bound to the surface of the particle. 
In either case there was an increase in the total volume of the dispersed 
phase resulting in an increase in viscosity. The monovalent and divalent 
ions produced two different effects on the viscosity of the system. The 
former caused an initial decrease in viscosity, followed by an increase up 
to a maximum at the point of saturation of the colloid with cations. 
It decreased from this point to a minimum increasing again as floccula
tion took place. The divalent cations caused a decrease in viscosity to 
the point of flocculation where it increased sharply. 

A Statistical Stud'y of lite Size oj Fat Clovl/ll'S in Cow's Milk, by C. W. 
Turner and A. C. Haskell; Mo. Agr. Exp. Sta. Res. Bul. 130, November 
1929; pp. 11, figs. 5. A statistical study of the size of fat globules in 
cow's milk was made by the micro-photographic method. The diameter 
of the globule of average volume was found to be 4.()1 micra for the 
Jerseys; 3.12 micra for the Holsteins; and 3.27 micra for the Ayrshires. 

A Classification oj Soybeans, by W. C. Etheridge, C. A. Helm, and 
B. M. King; Mo. Agr. Exp. Sta. Res. Rul. 13], December1929; pp. 54, 
figs. 10, color plates 3. This is a classification of 134 varieties of the 
soybean on the basis of their morphological features . The arrangement 
embraces most of the systematic forms of this plant now found in the 
United States, including ea) those being grown as field crops and (b) 
those whose broader usefulness has not been recognized. 

Legume Bacte1'ia with Ri:fl'rmce to LiglJi {md Longevity, by W. A. 
Albrecht and Lloyd M. Turk; Mo. Agr. Exp. Sta. Res. Bul. 132, January, 
1930; pp. 19, figs. 5. Dried soils, carefully stored, retained viable 
bacteria for four years. No differences were noticeable when the soils 
~ere limed and fertilized, or when they were of a higher degree of fertility 
with reference to nitrogen and organic matter. Soils which had not been 
dried retained viable legume bacteria and served as inoculating material 
for at least seven years. The ultra violet light which is the destructive 
portion of the sunlight, failed to penetrate the soil to any significant 
depth. When legume bacteria were once well established in soils main
tained under field conditions their longevity extended at least through 
seven years. 

Blackhead in Turkeys-Surgical COntrol by Cecal Abligation, by 
A. J. Durant, Mo. Agr. Exp. Sta. Res. Bul. 133, March 1930; pp. 32, 
figs. 6. This reports the trial of cecal abligation as a measure to control 
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blackhead in turkeys. Sixty birds were completely abligated and exposed 
with 45 con troIs unabligated. The 60 abligated birds all remained heal thy, 
while 37 of the 45 controls contracted the disease. The operation 

" permanently separates the ceca from the main gut, but does not retard 
their growth and development. Mortality from the operation varied 
from 13.6 per cent to 60.3 per cent, the average being 47 per cent. 

The Effect oj Different Homogenization Processes on the Physical 
Properties oj an Ice Cream Mixture and the Resulting Ice Cream When the 
Percentage oj Fat is Paried and the Solids not Fat Remain Consta"nt, 
by Wm. H. E. Reid and L. B. Russell; Mo. Agr. Exp. Sta. Res. Bul. 134, 
March 1930; pp. 40, figs. 24. Homogenization of an ice cream mixture 
disintegrated the fat globules, increased the surface area of the fat, 
caused the mixture to be more receptive to the incorporation of air and 
lessened the stability of the ice creams. Increasing the butterfat of an 
ice cream mixture decreased the amount of free serum, increased the 
viscosi ty and surface tension, permi tted the use of a lower homogeniza
tion pressure and improved the quality of the resultant ice creams. 
The temperature of the mixture in the freezer reflected directly upon 
the total time to freeze and control of the overrun. 

Factors Influencing Properties oj Fermented Reconstructed Milk, by 
Wm. H. E. Reid and F. F. Welch; Mo. Agr. Exp. Sta. Res. Bul. 135, 
March 1930; pp. 14. A fermented milk characterized by a plea,sant 
flavor and a body and texture that are consistently very smooth can 
be manufactured from reconstructed skimmilk. The quality of the 
fermented milk may be improved or impaired by modifying the manu
facturing processes. Addition of .35 per cent of gelatin improved the 
body and texture as did normal skimmilk. Storage temperatures re
flected directly on the physical properties of fe.rmented milk made from 
reconstructed skimmifk. 

Studies on the Pathology and Physiology oj the Cecal Pouches oj 
Turkeys. I I. The Utilization oj Food by Turkeys with Abligated Ceca, 
by Jesse Hunter, A. J. Durant and A. G. Hogan; Mo. Agr. Exp. Sta. Res. 
BuL 136, March 1930; pp. 12. Four turkeys were used in this experiment; 
two with their ceca abligated, and. the others normal birds of equal weight 
and age. They were fed a standard ration and their excreta analyzed in 
order to compare the digestive efficiency of the abligated birds with 
that of the controls. The data gave no indication of a lower digestibility 
of the rations as a resultpf cecal abligation. 

Factors Involved in Buying Missouri Cream, by F. L. Thomsen 
and Wm. H. E. Reid; Mo. Agr. Exp. Sta. Res.Bul. 137, March 1930; 
pp. 26, figs. 10. The problem of cream procurement is presented to 
creamery operators as a summary representing the combined operations 
of the creameries cooperating in the study. In a large measure the data 
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had been given by months, since the seasonal aspects are important. 
Apple Pollination Investigations, by A. E. Murneek, W. W. Yocum 

and E. N. McCubbin; Mo. Agr. Exp. Sta. Res. Bul. 138, April 1930; 
pp. 36, figs. 12. Apple pollination investigations for the years 1926-1928 
are presented in tabular form for the following varieties: Ben Davis, 
Delicious, Duchess, Gano, Grimes, Jonathan, King David, Maiden 
Blush, Rome, Wealthy, Yellow Transparent, Wine'sap and York. 
These varieties were not sufficiently self-fruited for a commercially 
desirable crop. The three most efficient pollenizers were Ben Davis, 
Jonathan and Delicious. The application of effective pollen increased 
the percentage of flowers set several times over self-pollination. In most 
cases, open pollina tion increased the frui t yield. 

A Partial Analysis oj the Missouri Pig Survey Reports, by F. L. 
Thomsen and Preston Richards. Mo. Agr. Exp. Sta. Res. Bul. 139, 
May 1930; pp. 35, figs. 16. Intentions to breed were seldom fully 
realized and the number of sows bred was practically always larger 
than the number farrowing. There was seven to eight per cent failure to 
realize intentions f6r the spring farrow, and nine to ten per cent for the 
fall farrow. In only one year, 1926, did the survey fail to furnish a fairly 
reliable indication of future marketings. 

The Anatomy oj the Mammary Gland in Cattle. I. Embryonic 
Development, by C. W. Turner; Mo. Agr. Exp. Sta. Res. Bul. 140, 
June 1930; pp. 34, figs. 22. The mammary lines were observed in 
a bovine embryo of 1.7 cm. crown-rump length estimated to be approxi
mately five . weeks old. The mammary lines seemed to quite definitely 
mark the location of future normal and accessory glands and accounted 
for their orderly linear arrangement. Further proliferation of the Mal
pighian layer at points along the mammary line determined the maximum 
number of individual glands in the complex. 

Growth and Development. XIII. The Influence oj Certain Geo
graphical and Historical Conditions on the Physical Development oj 
Lombardy Brown-Swiss, Brittany, Dairy Shorthorn, Ayrshire, and Beef 
Shorthorn Breeds oj Cattle, by John Ashton; Mo. Agr. Exp. Sta. Res. 
Bul. 141, June 1930; pp. 67, figs. 34. More than 1,500 head of cattle 
of the aforementioned breeds were measured. The geographical center 
of each breed was selected as a starting point and visits were made to 
surrounding farms: In general the various European breeds of cattle 
vary in volume or size according to the quality or nature of the soil 
where they are born and raised. The Brittany, truly a dwarfed breed 
in every respect, owes its extremely small size to the natural lack of 
both calcium and phosphorus in the geological formation of those parts 
of Brittany where the hreed was evolved. Switzerland, rich in calcium 
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and phosphorus, produces the Brown Swiss and Simmenthal breeds 
distinguished by their strong skeletons and robust constitutions. Large 
breeds of cattle can not be produced on soils which are lacking in bone
forming substances. 

Growth and Development. XIV. (a) Measurements oj Growing 
Holstein and Jersey Cattle on Missouri Farms. (b) Prediction Charts 

jor Growth oj Cattle, by A. C. Ragsdale and M. J. Regan; Mo. Agr. 
Exp. Sta. Res. Bul. 142, June 1930; pp. 30, figs. 25. Measurements were 
made of dairy animals of different ages on Missouri farms. These data, 
along with other data obtained by the Missouri Experiment Station, 
were studied. The majority of animals in the farm herds were shown to 
be smaller at puberty and calving time than the animals of the corre
sponding ages in the herds of the University of Missouri and of several 
other mid-western universities and ofleading breeders. These differences 
were overcome with advancing age. This indicated that the differences 
at the earlier ages were not hereditary but represented retarded growth 
due to underfeeding. It is most economical to grow animals at the maxi
mum possible rate so that their inherent growth potentialities may be 
realized to the fullest extent. It is best to breed the animals not at a given 
age, but as soon as they reach a reasonable size, about three-fourths of 
the mature size. 

Growth and Development. XV. Energy and Nitrogen Metabolism 
During tlze First Year of Po.stnatal Lije, by Samuel Brody, A. C. Ragsdale 
E. A. Trowbridge, A. G. Hogan, H. L. Kempster, and others; Mo. 
Agr. Exp. Sta. Res. Bul. 143, June 1930; pp. 208, figs. 44. Data are 
presented on the energy metabolism of farm animals (dairy cattle, beef 
cattle, horses, sheep, and swine) during the first year of postnatal life. 
Some data are also presented for chickens and rats. Most of the data 
were obtained on normally-fed animals about 12 hours after feeding. 
Some of the measurements, however, were made on low-fed, high-fed, 
and fasting animals. Some data are presented for the elimination of 
urinary nitrogen in its several forms in dairy calves. The age changes 
in consumption of feed are given for the dairy calves, as are also their 
age changes in linear size. S,imilar data are presented f0r the colts. 
Tentative interpretations of the results are formulated in the text. 

Economic Position oj the Grape Industry in Missouri, by F. L. Thom
sen and G. B. Thorne; Mo. Agr. Exp. Sta. Bul. 273, July 1929; pp. 35, 
figs. 18. Prices received for grapes by Missouri growers are influenced 
principally by production in California and the Ozarks. Grape production 
in these areas has increased greatly since 1921, resulting in low prices. 
Future production at approximately present levels is in prospect, and 
prices will probably be similar to those of recent years, with marked 
fluctuations in the Missouri production and price. An analysis of cost of 
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production in Missouri indicates that these prices will enable the average 
grower to about break even. No relief from low prices in the form of 
material reduction in marketing costs appears possible. 

Selecting the Dairy Sire, by A. C. Ragsdale and Warren S. Gifford; 
Mo. Agr. Exp. Sta. Bul. ?-74, September 1929; pp. 20, figs. 10. The 
considerations involved in the selection of a dairy sire are described; 
namely, type of appearance, pedigree or ancestry, and character of off
spring. A section is also devoted to breeding terms, practices and falla
cIes. 

Care, Feeding and Management oj the Dai1:y Sh'e, by A. C. Ragsdale 
and Warren S. Gifford; Mo. Agr. Exp. Sta. Bu!. 275, October 1929; 
pp. 14, figs. 6. This bulletin takes up in detail the practices indicated 
in the title. Housing, pen, fence, breeding chute, exercising equipment, 
feeding, dehorning, ringing, and amount of service are some of the sub
j ects covered. 

Testing F.'1"tilize1·jor Missouri Fanm1's, Sp1'i'tlg, 192C), by L. D. Haigh 
Mo. Agr. Exp. Sta. Bul. 276, November, 1929; PI'. 12. The results of the 
administration of the Missomi Fertilizer Law for the spring of 1929 are 
reported. Analyses of 112 samples of fertilizer are given in detail. 

The Cooperative Marketing oj Fruits and Vegetables on the St. Louis 
Market, by F. L. Thomsen; Mo. Agr. Exp. Sta. Bu!. 277, December 1929; 
pp. 52, figs. 19. This bulletin presents the experiences of the St. Louis 
County Growers Cooperative Sales Company. Low volume of business 
was the chief impedimen,t to success. The relation between fixed and 
variable expenses is particularly important in the Growers Company. 
Rdatively fixed expense during the three years was about 62 per cent 
of the total. This necessitated an average monthly volume of business 
of 18 to 20 thousand dollars. The actual volume was less than 16 thou
sand. 

Columbia Oats, a New Variety jar Missouri, by L. J. Stadler and 
R. T . Kirkpatrick; Mo. Agr. Exp. Sta. Bul. 218, January 1930; pp. 12, 
figs. 5. A new variety of oats, named Columbia, has been multiplied 
from a single plant of the Fulghum variety selected at the Missouri 
Experiment Station in 1920. It differs strikingly from the Fulghum type 
in habit of growth and in various characteristics of the plant, including 
the grain. Although Fulghum, in the 11 years since its introduction, 
has showed marked superiority to all other varieties grown in Missouri 
Columbia promises to surpass Fulghum by a substantial margin. 

Time oj Harvesting Soybeans in Relation to Soil Improvement and 
Protein Content oj Hay, by R. E. Uhland; Mo. Agr. Exp. Sta. Bul. 279, 
February 1920; pp. 28, figs. 6. The yield and composition of soybeans 
as influenced by different methods of planting and the state of maturity 
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at harvest time have been studie:i during a period of four years. The 
development of the pods together with the degree to which they had 
been filled, served as the best index for obtaining maximum yields of 
soybean hay. A maximum hay yield was obtained when the pods were 
well formed and approximately one-third to one-half filled. Harvesting 
at this stage gave the largest weight and also the greatest amount of 
protein in the hay as leaves and the minimum as woody stalks. 

Korean Lespedeza in Missouri, by W. C. Etheridge, C. A. Helm 
and B. M. King; Mo. Agr. Exp. Sta. Bu!. 280, February 1930; pp. 14, 
figs. 7. Korean Lespedeza is well adapted to Missouri soils and seasons. 
The crop has been sown on outlying experiment fields and tested in
tensively at Columbia in the past six years. It is adapted to all soils of 
the State and grows well on acid soil although it has not thrived vigor
ously on flat or poorly drained land. The best practices in seeding, 
pasturing and harvesting are described. 

Feeding Dairy Cattle, by A. C. Ragsdale, Mo. Agr. Exp. Sta. Bu!. 
2131, March 1930; pp. 40, figs . 4. The various classes of feeds and the 
function of each in maintenance and milk production are described. 
Seventy-four sample rations, grouped to correspond to various classes 
of roughage and varied in order to utilize to the greatest possible extent 
the' home grown feeds, are described. 

Legume Inoculation, by W. A. Albrecht; Mo. Agr. Exp. Sta. Bu!. 
282, March 1930; pp. 12, figs. 7. The questions most frequently received 
by the College from the farmers of the State regarding legume inocula
tion are answered in this bulletin. Thirty questions are answered in 
detail, and the various steps in utilizing inoculation are described and 
illustrated. 

Fruit Pollination, by A. E. Murneek; Mo. Agr. Exp. Sta. Bu!. 283, 
March 1930; pp: 12, figs. 8. A general study of pollination in apples, 
?ears, peaches, cherries, grapes, cane fruits, and strawberries is reported. 
Weather, soil fertility, and the use of 'bees are discussed in their relation 
to the set of frui t. ' 

Registration, Labeling, Inspectirm, and Sale oj Commercial Fer
tilizers; 1929, by L. D. Haigh; Mo. Agr. Exp. Sta. Bu!. 284, April 1930; 
pp. 58. Inspection during the year 1929 included visits to 168 towns 
located in 80 counties. A total of 480 samples were collected from ware
houses, factories, stores, loaded freight cars, farmers wagons, and farm 
buildings. The analyses (guaranteed and actual) of all samples taken, 
are reported. 

Experiment Station Research, by F, B. Mumford and S. B. Shirky; 
Mo. Agr. Exp. Sta. Bu!. 285, April 1930; pp. 116, figs. 25. Very brief 
rep.orts on the progress made during the year on 130 separate investi:-
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gations are given. The work is reported under the following classifica
tions: Agricultural Chemistry, Agricultural Economics, Agricultural 
Engineering, Animal Husbandry, Botany, Dairy Husbandry, Entomol
ogy, Field Crops, Home Economics, Horticulture, Poultry Husbandry, 
Rural Sociology, Soils and Zoology. The Station's service projects 
are also described, the publications issued are listed and an accounting of 
the funds received from the Federal Government and of the expendi
ture of these funds are given. 

The Combine Harvester in Missouri, by Mack M. Jones; Mo. 
Agr. Exp. Sta. Bul. 286, May 1930; pp. 39, figs. 8. Combines have 
heen used in Missouri for harvesting wheat, oats, rye, barley, timothy 
and soybeans; and also sweet, red, and alsike clover when windrowed. 
The ten-foot size of combine is the most popular and practical in Mis
souri. Twenty to twenty-five acres per working day is a good average 
day's work. A crop can be harvested and threshed with a combine with 
no more labor than would be required to shock the grain if cut with a 
binder. The average cost of harvesting with the combine method on 28 
Missouri farms in 1929 was $2.02 per acre or 21.7 cents per bushel. The 
average cost of harvesting and threshing with the binder-thresher method 
on 93 farms in 1929 was $3.85 per acre or 37.5 cents per bushel. 

Technical Papers Published by the Missouri Station Staff in Scientific 
J oumals and Periodicals. 

Haseman, L., Observatio1'js on a New Apple Mining Caterpillar in Mis
souri, Jour. of Econ. Ent., Vol. 23, No.1, pp. 91-95 Feb. 1930. 

Haseman, L., The Hessian Fly Larva and Its Method Of Taking Food. 
J ourn. Econ. Ent., Vol 23, No.2, pp. 316-319, April 1930. 

Hogan, A. G., Shrewsbury, C. L., Breckenridge, G. F., D~struction of 
Vitamin A by Radioactive Materials. Jour. BioI. Chern., VoL 
xlii, p 87, 1930. 

Bogan, A. G., Shrewsbury, C. L., Nutritional Requirements of the Chick. 
Proc. Amer. Soc. Animal Production, p. 34, 1929. ' 

Hogan, A. G., Shrewsbury, C. L., Deficiencies in Synthetic Diets in Chick 
Nutrition. Jour. of Nutrition, Vol. 3, p. 39,19::0. 

Hooker, H. D., The Control of Biennial Bearing in Apples, in Proc. Amer. 
Soc. Hort. Sci., pp. 208-210, 1929. 

Jenny, H., Climate and Climatic Soil Types in Europe and in the United 
States of America. Soil Research Vol. 1, 139-189, 1929. 

Jenny, H. l Hochgebirgsboden. Handbuch der Bodenlehre Band 3: 96-119, 
1930 (Berlin). 
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Jenny, H., The Nitrogen Content of the Soil as Related to the Precipitation
E?aporation Ratio. Soil Science 29: 193-206, 1930. 

Jenny, H., An Equation of State for Soil Nitrogen. Journal of Physical 
Chemistry 34: 1053-1057, 1930. 

McKenzie, F. F., The Anterior Lobe of the Pituitary and Live Stock 
Breeding. Proc. Amer. Soc. Animal Production, 1929. 

Murneek, A. E., The Use of Bees in Apple Sterility Studies, Proc. Amer. 
Soc. Hort. Sci. pp. 39, 42, 1929. 

Quinn, J. T., Bermuda Onion Culture in Missouri, Amer. Prod. Grower, 
Vol. IV, No.8, 1929. 

Reid, W. H. E., Powell, Milton, Sandiness in Nut Ice Creams, Ice Cream 
Trade Jour., Vol. 25, pp. 8, 65, Aug., 1929. 

Reid, W. H. E., Sandiness in Ice Creams. Ice Cream Trade Jour. Vol. 
XXVI, 1, p. 60, Jan. 1930. 

Reid, W. H. E., Welch, F. F., Factors Influencing the Properties of Fer
mented Reconstructed Milk. Jour. of Dairy Science, Vol. XIII, 
2, March 1930. 

Reid, W. H. E., Some Factors Affecting the Physical Properties of Whip
ped Cream and Cream Cheese. Proceedings of 11 th Annual 
Conference, Amer. Dry Milk Institute, Chicago, Illinois, 1930. 

Scott, Irl T., Hydrogen-ion Equilibrium of Mycelial Mats of Fusarium 
Lycopersici in Salt Solutions and its Relation to Growth and 
Toxicity. Amer. Jour. of Botany, Vol. 16, pp. 631-643, Oct. 1929. 

Scott, lrl T., Wheat Flag Smut (Urocystis Tritici) Survey, U. S. D. A., 
Plant Disease Reporter, Vol. 14, pp. 101-104, June 15, 1930. 

Stadler, L. J., Experimental Error in Field Plot Tests. Proc. Internat'l 
Congress of Plant Sciences, Ithaca, Vol. 1, pp. 107-127, 1926. 

Stadler, L. J., Chromosome Number and the Mutation Rate in Avena and 
Triticum. Proc. Nat'IAcad. Sci., Vol. 15, No. 12, pp. 876-881, 
Dec. 1929. 

Stadler, L. J., Some Genetic Effects of X-Rays in Plants, Jour. of Heredity, 
Vol. XXI, No.1, Jan. 1930. 

Talbert, T. J., Suggestions from Spraying Investigations, Proc. Amer. Soc. 
Hort. Sci., pp. 297-299, 1929. 

Turner, C. W., Nibler, C. W., The Ovarian Hormone Content of Pregnant 
Cows' Urine, Jour. Dairy Science, Vol. XII, 6, Nov. 1929. 

Turner, C. W., Slaughter, I. S., The Physiological Effect of Pituitary 
Extract (Posterior Lobe) on the Lactating Mammary Gland, 
Jour. Dairy Science, Vol. XIII, 1, Jan. 1930. 



PROGRESS IN AGRICU LTURAL RESEARCH 17 

COOPERATION WITH OUTSIDE AGENCIES 

During the year the Agricultural Experiment Station has cooperated 
with the U. S. Department of Agriculture in the following projects: 

Corn Improvement 
Seed Testing Laboratory 
Rice Investigations 
Cereal and Forage Crop Insects 
Farmers' Standard of Living 
Prices and Grades of Cotton 
Types of Farming in Missouri 
Feeding Beef Calves Previous to Weaning 
The Economic Use of Power, Labor, and Machinery m Crop 

Production 
Factors Influencing the Quality and Palatability of Meat 
Relation of Conformation and Anatomy of Dairy Cow to Milk and 

Butterfat Producing Capacity 
Soil Erosion Investigations 
Maintenance and Development of the Hatch Dairy Experiment 

Station at Hannibal, Mo. 
Pasture Improvement 

In addition, gifts and donations have been received from the Nation
al Research Council, the Missouri Utilities Company, the Frasch Foun
dation, the American Dry Milk Institute, and the Chilean Nitrate of 
Soda Corporation. 

NEW EQUIPMENT 

1 Typewri ter 
4 Calculating machines 
Various printed forms 
1 Dubuscq colorimeter 
6 Small dark chambers 
New greenhouse, 25 feet x 50 feet 
4 Screen wire cages, 16 x 18 x 12 

. feet 

Pans, thermometers, chemicals, 
glassware, rubber tubing, and 
laboratory apparatus 

1 ultrafilter 
1 battery 
1 centrifuge 

50 Purebred Holstein cows and 2 
Herd bulls from the Fredmar 
Farms, a gift from Mr. F. W. A. 
Vesper, a member of the 
Missouri State Board of Agri
culture 

New dairy barn 
New dairy barn at Hannibal

Hatch Farm 
220-acre Soils and Crops Experi

mental Farm at Columbia 
(leased) 

Farm machinery for above 
Farm of 200 acres near Bethany, 

Missouri, in cooperation with 
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United States Department of 
Agriculture (leased) 

Experiment farm-Green Ridge-
120 acres (leased) 

Experiment farm-Sikeston-50 
acres (leased). Operated by 
Soils and Field Crops De
partments 

Farm machi'nery for Southeast 
Missouri Experiment Farm at 
Sikeston 

Electric furnace 
Balance weights 
1 rheostat 
2 water baths 
7i H. P. Motor 
2 Ovens 
Organic carbon apparatus 
1 Ammeter 
Moisture tester for grains 

Paraffin oven 
Syringes 
Microscopes 
Animal cages 
1 Platform scale, 76 x 52 inches 
20 Complete sets metabolism appa-

ratus for cattle, horses, sheep, 
swine, poul try, and ra ts 

12 kymograph clocks 
6 Electric heaters 
3 Gauges for Gaulin homogenizer 
Oiling system for Gaulin homog-

entzer 
Electric cream whipper 
2 Wash vats 
5-2-gallon churns 
1 Photographic glassy print dryer 
1 Print straightener 
1 llx14 Printer 

SERVICE PROJECTS 

During the year the farmers of Missouri have received help from 
the College of Agriculture in the form of various services requiring 
knowledge, skill, and laboratory technique. The laboratories of the 
College of Agriculture are available for the use of the farmers of the State. 
The staff also devotes a large amount of time' to the answering of farm 
questions. More than 100,000 letters are received and answered annually, 
covering every phase of agri<;:ultural enterprise. 

The Department of Veterinary Science examines several thousand 
specimens annually. The Department of Plant Pathology identifies 
hundreds of plant diseases and recommends remedies. Hundreds of 
weeds are identified by the Department of Field Crops. 

Great numbers of insect pests injurious to plants and animals are 
identified by the Department of Entomology and remedies are pre
scribed. Chemical analyses of agricultural materials are made by the 
Department of Agricultural Chemistry at cost. 

Special laboratories are maintained for testing seeds, for the prepara
tion of anti-hag-cholera serum, for the preparation of legume bacteria, 
for the testing of soils to determine their lime needs, and for the testing 
of fertilizers for Missouri farmers. The following paragraphs contain 
more complete reports on these services. 
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Seed Testing Laboratory. (Clara Fuhr). A total of 4,372 samples 
of seeds and plants were tested and examined by the Seed Testing 
Laboratory during the year. Of these samples 3,408 tests were made 
for Missouri farmers and seedsmen; 353 inspectors' samples were tested 
for the Missouri State Board of Agriculture; and 53 Custom House 
samples were tested subject to the Seed Importation Act. 

A total of 545 tests was made for farmers and seedsmen of other 
states as follows: Nebraska, 125; Colorado, 114; Kansas, 103; Iowa, 68; 
South Dakota, 53 Arkansas, 36; Oklahoma, 23; Texas, 15; Illinois, 5; 
Indiana, 2; New Mexico, l. 

Table 2 shows the kinds of tests that were made. 

TABLE 2.-NuMBER 0.' TESTS MADE 

For: 
Germination only ____________________ ____________ - ___ __ ~ ____________ 2,389 
Purity and germination_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ________________ 1,464 
Identification______ ____ __ _ ___ _ ___ _____ _ ___ __ _____ _ _ _____________ ___ _ 252 
Purity only _ ____ ______ ___ _ __ ___ _ __ ___ _ _ __ ____ _____ _____________ _ _ 141 
Examinati~n only _________ _____________ ___ _______ ______ ____ .____ _ __ _ 88 
Examination and germination__ ____ ___ _ _ __ __ _ _ __ __ _ _ ______________ __ 23 
Examination, Purity, and Germination _____ .__ ________________ _____ ___ 2 

4,359 

During the previous year a total of 3,686 samples was tested as 
compared to 4,372 of this year. 

Official Testing of Dairy Cows. (Warren Gifford). During the year, 
1,421 one-day tests, and 896.two-day tests were conducted on a total of 
524 Advanced Registry and Register of Merit cows. Also, 527 one-day 
Herd Improvemen t tests were conducted in five purebred herds. 

Official tests were conducted by 35 different breeders in the State. 
Of the total number of cows tested 283 were placed on test during the 
year, while 231 were on test at the beginning of the year. During the 
same period, there were 14 seven-day official tests supervised in two 
Holstein herds. 

Two state records were broken during the year. Pickering Finderene 
Florenc'e DeKol 682608, a seven-year-old cow owned by Chapman 
Farms, Lee's Summit, set a new record for milk production by producing 
27,090.4 pounds of milk and 807.8 pounds of fat in 36S days. Pauline 
Violet Ormsby Piebe 813011, owned by Fredmar Farms, Jefferson Bar
racks, produced 27,653.9 pounds of milk and 918.1 pounds of'fat at the 
age of five years, which is a State record for both milk and butterfat 
production for all breeds. 

Fertilizer Control. (F. B. Mumford, Director; L. D. Haigh, Chem
ist). Fertilizer is placed on the market in Missouri principally during 
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the fall season September 1 to November 1, and during the spring season 
February 1 to June 1. Inspection of stocks and collections of samples 
have been made during these two periods. The samples were analyzed 
in the Experiment Station laboratories and the results reported in two 
publications, Missouri Agricultural Experiment Station Bulletins 276 
and 284. 

Bulletin No. 284 reports the results of the year's work for 1929. 
Table No.3 shows the results of the inspection work and the chemical 
laboratory work. 

TABLE 3.-SUMMARY OF INSPECTION AND ANALYTICAL FERTILIZER CONTROL WORK 

~~r:;~~i:s c~t!i~etd~_-_~ ~= = = == ===~ == = = = = = = = = == ==== == == = = = = = = = = = = = = = = = = = = = = Cities and towns visited ______________________________________________ _ 
Farmers visited __________________ ___________________________________ _ 
Dealers visited _____ .~ _____________ . __________________________ _________ _ 

Determinations of Total and Water Insoluble Nitrogen ___ ~ _________ _____ _ 
Determinations of Total Phosphoric Acid-. ______________________________ _ 
Determinations of Insoluble Phosphoric Acid ____________________ _______ _ 
Determinations of P .otash ______________ < _ _ ___________________ _ ____ _ __ _ 

Nitrogen Activity Determinations by Alkaline and Neutral Permanganate __ _ 
Special fertilizer samples sent in by purchasers __________________________ _ 
Total Chemical Determinations __________________________ _____________ _ 

Tests on limestones for purity amounted to 1633. 

501 
74 

167 
45 

281 

633 
492 
444 
267 
152 
24 

2012 

The percentage of deficiencies in analysis for the fertilizer constit
uents: nitrogen, phosphoric acid, and potash amounted to 24.1 per 
cent of the total amount in all the samples inspected. 

On the basis of value, the number of samples deficient amounted 
to 21.4 per cent of the total number of samples analyzed. 

Samples showing nitrogen deficiencies amounted to 6.9 per cent of 
the total number of nitrogen carrying fertilizer samples inspected. 

Testing Soils for Their Lime Need. (R. F .. Rhoades). During the 
year a total of 857 samples of soil have been tested for acidity. Tests 
are now available on more than 10,000 limestones from every county in 
the State. These tests have shown that more than 50 per cent of the 
soils of Missouri require two tons or more of finely ground limestone 
per acre, in order to make them suitable for growing clover. 

An effort has been made to make it easy for farmers to secure th'e' l 
proper grade of limestone. During the past year 138 samples were 
tested to determine the fineness of grinding. This makes a. total of 361 
samples during the past three years for this purpose. From the results 
of these tests it is possible to select a better grade of limestone and the 
producers of limestone are thus encouraged to improve and standardize 
,their products. 
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The Production and Distribution of Bacteria for Legumes. (W. A. 
Albrecht, H. R. Rhoades). During the year sufficient cultures were 
distributed to treat 38,679 bushels of legume seed. The number of 
bushel units furnished for the different legumes were as follows: 

Soybeans 
Sweet Clover 
Alfalfa 
Red Clover 
Cowpeas 
Miscellaneous 

29,716 
3,305 
1,528 
3,257 

508 
365 

The Station has encouraged the use of the soil transfer method of 
inoculating legumes and has also encouraged the use of standard com
mercial cultures. 

Table 4 shows the number of bushels of legume seed represented 
by the cultures shipped and the number of individuals served since 1919. 

TABLE 4.-THE DISTRIBUTION OF INOCULATION MATERIAL FOR LEGUME SEED-

1919-1930 INCLUSIVE 

Year Ending June 30 

1919 
1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 

Total 

Inoculation Bushels Seed 

2,667 
2,932 
5,309 

11,161 
20,010 
37,595 
36,163 
58,441 
41,248 
50,517 
41,407 
38,679 

346,129 

Individuals Served 

800 
900 

1,665 
2,950 
4,145 
7,173 
6,970 
9,621 
6,096 
6,088 
5,331 
4,823 

56,562 

DistrJ.bution of Anti-Ho.g-Cholera Serum. (0. S. Crisler).-The 
anti-hog-cholera serum laboratory has furnished the swine owners 
1,890,800 c. c. of anti-hog-cholera serum during the year. This was 
distributed in 1,966 orders in 73 counties and St. Louis city. The demand 
for serum has not been as great as usual during the past year. There 
was very little hog cholera in the State. 

One hundred twenty rods of new wire fence have been constructed 
on the serum farm. A new incinerator has also been built. New and 
improved equipment has been added wherever it was possible, to insure 
the best serum. The following table shows the production and distribu
tion of anti-hog-cholera serum. 
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TABLE 5.-PRODUCTION AND DISTRIBUTION OF ANTI-HOG-CHOLERA SERUM 

Serum sold ___________________________________ _ 
Serum returned _______________________________ _ 
Serum used for re-vaccination ___________________ _ 
Serum used on farm ___________________________ _ 
Serum broken _________________________________ _ 
Serum condemned _____________________________ _ 
Serum lost in mixing ____ _______________________ _ 

1,890,800_c. c. 
18400 " 

6' 950 " 
11;825 

1,250 " 
2,000 " 

11,023 

1,942,248 c. c. 
Serum on hand July 1, 1929 __________________________________ _ 
Serum produced _____________________________________________ _ 
Serum returned _____________________________________________ _ 
Serum gained in m)xing ____________________ , __________________ _ 

Less _______________________________________________ _ 

2,709,486 c. c. 
1 759218 " 
, 18;400 " 

10,586 " 

4,497,690 c. c. 
1,942,248 " 

Serum on hand July 1, 1930 ___________________________________ 2,555,442 c. c. 

Hogs Bought and Disposition oj Same 
Hogs on farm July 1, 1929 ____________________________________ _ 
Hogs bought ________________________________________________ _ 

Hogs sold ____________________________________ _ 
Hogs died ____________________________________ _ 
Killed virus pigs ______________________________ _ 

311 
9 

267 

587 

Hogs on hand July 1, 1930 _______________________________ ~ ___ _ 

Virus Drawn and Disposal oj Same 
Virus H ypering _____________________________________________ _ 
Virus simultaneous __________________________________________ _ 

Total virus drawn _______________________ ~ ___________________ _ 
Virus condemned ____________________________________________ _ 

Total virus used _____________________________________________ _ 

260 
472 

732 

587 

145 

256,300 c. c 
102,000 " 

358300 " 
22;490 " 

335,810 c. c. 
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Experiments in Progress During the Year 

AGRICULTURAL CHEMISTRY 

A. G. HOGAN, Chairman 

The Nutritional Requirements of Rabbits. CA. G. Hogan, 
W. S. Ritchie). It has been impossible to establish a relation between 
chlorophyll in the food and muscle pigment. One difficulty, the pro
vision of suitable controls, may not have been overcome. The experi
mental animals, rabbits, would not survive for long periods on any 
rations tried, unless certain natural foodstuffs were included. Carrots 
were selected, since this material is practically ftee from chlorophyll. 
However, there was a possibility that precursors of chlorophyll, or some 
related compounds, may have been present. It was, therefore, necessary 
to devise a ration that would avoid that possibility. Synthetic diets 
were adequately supplemented by carrots. An attempt was made to 
prepare an extract from carrots that would be equally effective. The best 
method seemed to be to extract the carrots with hot alcohol then evap
orate this to a small volume. The concentrated extract was then in
cluded in the ration. Rabbits on this diet survived for a much longer 
period of time and made considerable gain in weight as shown in Table 6. 
However, to ,-late, it has been impossible to rear a rabbit to 111aturity 
on such supplements. 

TABLE 6.-CARROTS AND CARROT EXTRACTS IN RABBIT NUTRIT.ION 

No. of Ani,mal Initial Weight I Maximum Weight Survival Period'" 

grams grams days 
Basal Ration 1002 

58 

I 
1730 38 

129 600 930 41 
130 560 920 51 

Basal, with Carrot Extract 
107 117** 770 I 2480 

125"'''' 580 1900 120 
150** 1090 1880 130 
162 660 1610 64 

Basal, with Carrots 
Normal at 195 123 550 I 2530 

156 660 2480 Normal at 144 

*Survival period indicates length of time on the experimental diet. 
*"'The animals had refused all food, and were helpless, so they were killed. 
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Chemical Analyses. (L. D. Haigh, E. W. Cowan, W. S. Ritchie, 
A. R. Hall, and L. V. Taylor). In addition to the actual analytical 
chemical ,,"ork performed, a large number of inquiries of a chemical 
nature were answered. The following is a summary by departments of 
the chemical analyses made: 

Agricultural Chemistry Investigations and Studies-
14 fertilizer materials for potash by two methods. 28 deter

minations. 
1 sample tobacco stems for potash. 1 determination. 
4 standard phosphate materials for total and insoluble phos

phoric a,cid, volumetric and gravimetric methods. 16 
determinations. 

44 wheat and clover samples for complete feed analysis and 
for calcium, magnesium, and phosphorus. 352 deter
minations. 

2. feed samples for study on the completeness of ether extrac
tion. 8 determinations. 

7 nutrition materials for moisture, fat, ash, nitrogen, crude 
fiber and carbohydrate determinations. 22 determinations. 

Meat samples from slaughtered steers. 18 determinations of 
moisture, ash, nitrogen and fat. Total 72 determinations. 

Lean meat, kidney and liver used in nutrition studies with 
white rats. 54 determinations on nitrogen and fat. Total 
108 determinations. 

Yeast used in vitamin studies. 12 determinations of calcium 
and phosphorus. Total 24 determinations. 

Total-631 determinations. 
Animal Husbandry-

34 samples mixed feed, one of Sudan Grass and one of malted 
. barley for complete feed analysis. 180 determinations. 
21 samples mixed feed, two samples feed materials for calcium 

and phosphorus. 46 determinations. 
1 sample feed material for calcium only. 1 determination. 
Total-227 determinations. 

Field Crops-
One wheat sample for nitrogen. Seven samples Lespedeza Hay 

for calcium and complete feed analysis. 43 determinations. 
Horticul ture-

30 grape vine samples and 21 apple wood samples for total 
and water insoluble nitrogen. 

52 grape vine samples for total nitrogen. 
17 grape vine samples for sugar. 
21 samples apple material for potassium. 
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1 sample liquid manure for nitrogen and potash. 
194 determinations. 

Soils-

25 

6 corn stalk samples for ash, silica, potassium, calcium, and 
magnesium. 30 determinations. 

4 corn stalk samples for ash and potassium. 8 determinations. 
4 wheat straw sa.mples for ash, calcium, nitrogen, and potas

sium. 16 determinations. 
1 manure sample for total nitrogen. 1 determination. 
2 artificial manure samples for dry matter, total and water 

insoluble nitrogen, and nitrogen availability. 10 deter
minations. 

6 soils for calcium and magnesium. 114 soils for sulphur. 
126 determinations. 

fertilizer waste material for total nitrogen and organic 
matter. 2 determinations. 

4 lysimeter water samples for total nitrogen, nitrates, solids, 
potassium, sulphur, calcium, magnesium, phosphorus. 32 
determina tions. 

28 run-off water samples, total nitrogen, solids, calcium, 
magnesium, potassium, sulphur, phosphorus. 196 de
terminations. 

Total-421 determinations. 
Veterinary Science-

1 sample tankage for protein. 1 determination. 
Analyses conducted for commercial firms and others-

38 feeds for moisture, ash, nitrogen, fat, and fiber. 190 deter
minations. 

9 feed samples for protein only. 9 determinations. 
1 mineral feed for lime, phosphoric acid~ and chlorine. 3 

determina tions. 
2 feeds for q'ualitative tests and microscopic examination. 

2 determinations. 
liquid fertilizer for nitrogen and phosphorus. 2 determina

tions. 
8 soils for moisture, nitrogen, phosphorus, and potassium. 

32 determinations. 
2 samples cottonseed meals for crude fiber. 2 determinations. 
1 sample apple pomace and 11 samples sugar beets for sugar. 

12 determinations. 
2 soils for qualitative test. 2 determinations. 
8 samples of water for qualitative examination. 8 determina

tions. 
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2 samples of fermented liquor for alcohol content. 2 determina-
tions. 

1 sample honey for identification. 1 determination. 
Total-265 determinations. 
Grand Total-1782 determinations. 

The Action of Radio Active Substances on Vitamins. (A. G. Hogan, 
R. V.l. Pilcher, L. Richa:rdson). Butter, upon exposure to radio active 
substances, lost vitamin A activity with simultaneous loss of the yellow 
color. This change was apparently brought about by the beta-ray. 
The alpha-rays were screened out with mica. A thin lead plate was 
used to screen out all but a very small part of the beta-rays. This 
reduced the intensity of the gamma-rays only slightly. The gamma-rays 
do not decolorize butter. However, it was impossible to determine 
whether or not they reduced the vitamin A activity. 

Interrelations Between the Amounts of Protein and Vitamin B 
Required. (A. G. Hogan, R. W. Pilcher, L. Richardson). Four groups 
of albino rats were fed as follows: Group I received the basal diet, low 
in protein and low in vitamin B. Group II received the basal diet and a 
vitamin B supplement in addition. Group III received a ration with the 
same energy content as the basal diet, but much higher in protein. 
Group IV received the same ration as Group III, but in addition, the 
same amount of vitamin B supplement as was given Group II. 

Fig. I-The basal diet was deficient both in protein and in vitamin B. An incre •• e of either of these 
limiting factors resulted in some acc1eration of the growth rate. The acceleration due to vitamin B 
alone was temporary anc;l limited, while that due to protein alone was more permanent. 
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The feeding trials were divided in to two series. In one, the animals 
were fed ad libitum; in the other, all animals of a group received the 
same amount of food, also the same number of calories. When the ani
mals were fed ad libitum an increase of either protein or of vitamin B 
seemed to improve the diet. More food was consumed, and gains in 
weight were more rapid. See Fig. 1. 

Group IV grew most rapidly. When two high protein dietaries 
were compared, the data were not in accord. For example, a ration con
taining 32 per cent casein required much more yeast to support normal 
growth than did a ration containing 18 per cent. An explanation of this 
may be as follows: Whel1 a ration contains two limiting factors, an in
crease of either one will result in some improvement. This would explain 
the improvement in the basal diet by the addition of either protein or 
vitamin B. The higher vitamin B requirement, when the casein was 
increased from Ul to 32 per cent, would indicate that there was 
a direct ratio between the amount of protein in the diet and the amount of 
vitamin B required. 

When the food intakes of the animals were limited to the same num
ber of calories, an increase in the amount of ~roteil1 produced definitely 
larger gains in weight. An increase in the amount of vitamin B did 
not have any appreciable effect. Additional protein, over that supplied 
by the basal diet, was required for structural purposes. When this was 
supplied more rapid growth occurred even without supplying additional 
calories. The basal diet also was inadeq'late in vitamin B. However, 
the role of this nutrient was functional rather than structural, and in
creasing the amount was of no avail unless additional food was also 
supplied. 

Nutrition of Poultry. (A. G. Hogan, R. V. Boucher). Chicks reared 
on simplified diets have usually developed symptoms of some nutritional 
disease. These symptoms varied, so it might be the diets were deficient in 
more than one respect. Some chicks developed gross deformities of the 
legs, pro')ably identical with the condition frequently described as 
"slipped tendons." Others exhibited symptoms of polyneuritis, such as 
head retraction and loss of the abilitf to stand. 

Whet! the experimental diets were adequately supplemented by 
certain natural foodstuffs they were satisfactory. Dried yeast also has 
been effective when supplied at a level of 40 per cent of the diet. A 
water extract of yeast was effective, but the amount required, 20 per 
cent by weight of dry matter, was very high. Efforts have been made to 
obtain the a;tive agent in more cpncentrated form. 

Electro-dialysis has b~en used as a method of separation. At the 
end of the procedure the anode and cathode fractions have been brought 
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to approximate neutrality with sodium hydroxide in one case, and with 
hydrochloric acid in the other. It is not known as yet whether or not 
the method will prove useful. However, it seems to offer promise. The 
material from the anode compartment has consistently displayed very 
considerable acti vi ty, both in accelerating growth and in preventing 
leg weakness. The material from the cathode compartment was more 
uncertain. The character and concentration of the salts caused this 
fraction to be quite toxic if administered in any considerable quantity. 
In some instances, therefore, no evidence of activity in the cathode 
compartment could be obtained. The basal diet is described in the 
following Table. 

Basal Diet 
Casein _____________________________ 35 parts 
Corn Starch ______________________ . __ 28 parts" 
Lard _______________________________ 10 parts 
Cod Li ver OiL. ..... _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 5 parts 
Cellulose_ .... ________________________ .. 3 parts 
Salts ________________________ ~ ______ 4 parts 
Dried Yeast- _ ~ ______________________ 15 parts 

~~ 
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.5 250 
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? 
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Fig. 2.-Two chicks in the basal group grew surprisingly weU. Both of the others developed leg weak
ness and one died. None of the chicks receiving large quantities of dried yeast showed abnormalsymp
toms. One chick (No. 1172) receiving the anode fraction developed abnormal symptoms, but thes. 
were reduced by increasing t.he amount of &upplement. Chicks receivin! the cathode fraction were 
normal throughout, and the activity of the material was uncertain_ 
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The ration containing 40 per cent of yeast w;s obtained by substi
tuting 25 parts of yeast for an equal weight of corn starch. The anode 
and cathode fractions were administered separately from the basal diet. 
The daily dose of the cathode fraction was 300 mg. For the first few 
weeks 200 mg .. of the anode ftaction was administered daily, but this was 
later increased to 500 mg. Chicks 1172 and 1179 were given still larger 
quantities but the value of the additional increase seemed doubtful. 

One of the more favorable trials is shown in Figure 2. 

AGRICULTURAL ECONOMICS 

O. R. JOHNSON, Chai~·man 

Utilization of Labor on Farms. (0. R. Johnson, B. H. Frame). The 
labor of producing various farm crops has been tabulated by size of 
fields, by months, and by operations. A farm management survey was 
conducted in Nodaway county. 

A detailed map of each farm in the survey was made so that it was 
possible to obtain the distance from the building block to each field. 
The distance traveled to and from work was an important factor in labor 
utilization. In order to compare these farms it was desirable to obtain 
the average distance to the cultivated fields on each farm. A simple 
average, however, would not give due consideration to the fact that the 
larger the field the more important it was to have it close. to the building 
block on account of the greater number of trips required to that field 
during the course of a year. Since corn is the majo~ crop in Nodaway 
county the entire farm organization being built around this crop, and_ 
every cultivated field being in corn more often than in any other crop, 
the labor requirement of corn on different sized fields was used for the 
weight factor in determining the average distance to cultivated fields. 

Another factor which had to be taken into consideration was the 
size of the farm, since the smaller the farm the shorter will be the average 
distance from the building block to the fields, even though the larger
farms were equally well planned. To eliminate the effect of size of farm,. 
the average relationship between size of farm and average distance to 
field was computed .. 

The Cost of Horse Labor. (0. R. Johnson, B. H. Frame). The· 
costs of horse labor on the cost accounting farms from 1912 to, and in
cluding, 1929 have been tabulated. These costs have all been reduced to 
a head basis. The cost per hour of horse labor was remarkably constan t,. 
varying between 8 and 11 cents, with the exception of the war period and 
immediately following. The twq most important factors which affect 
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the cost per hour of horse labor were cost of feed and hours of labor. 
The Cost and Income from Sheep in Missouri. (0. R. Johnson, 

B. H. Frame). The cost and income from all farm flocks of sheep on the 
cooperating farms since 1913 have been tabulated. All farms, where 
lambs were purchased and fattened, were eliminated. All figures have 
been reduced to an individual basis so that the cost and income are for 
one ewe and her increase. 

Each year showed a profit except 1913, 1920 and 1921. It would, 
therefore, seem that many more Missouri farms could profitably keep 
a small flock of sheep. The average net income per ewe, for an average 
,of seven teen years, was '$2.11. 

The Economic Use of Power, Labor, and Machinery in Crop Pro
duction. (0. R. Johnson, B. H. Frame). This project has been in 
cooperation with the Federal Bureau of Agricultural Economics and the 
Agricultural Engineering Department of this College. Approximately 
150 farm power records in Carroll, Saline, Lafayette, and adjoining 
territory, and a number in Bates, Cass, Vernon, and adjoining terri
tory have been collected. These records have all been checked, copies 
made, and the originals sent to Washington. The data were collected 
on farms using tractors and farms using all horse labor. 

The Effect of Chang-es in Price and Market Conditions on Pro
duction. (F. L. Thomsen, Preston Richards.) The results of this project 
have been published in Missouri Agricultural Experiment Station Re
search Bulletin 1::9. 

Marketing Truok Crops. (F. L. Thomsen). Missouri Agricultural 
Experiment Station Bulletin 277 gives a complete report on this project. 

Factors Affecting Local Prices. (F. L. Thomsen). This project 
has been completed and is reported in Missouri Agricultural Experiment 
Station Research Bul'letin 15I. 

Marketing Butter. (F. L. Thomsen, W. H. E. Reid). Missouri 
Agricultural Experiment Station Bulletin 267 and Missouri Agricultural 
Experiment Station Research Bulletin 137 report the completion of this 
project. 

Marketing Stock Hogs. (F. L. Thomsen, Preston Richards). This 
project has been completed and the results are published in Missouri 
Agricultural Experiment Station Research Bulletin 145. 

Short-Titne Fluctuations in Hog Prices. (F. L. Thomsen, Preston 
Richards). Both average and specific weight daily prices were used in 
the calculations made, as was also the average cost to packers. Daily 
price variations were separated from the cyclical and seasonal move
ments by calculating the deviations from the weekly moving average. 
Figure 3 'shows the resulting daily fluctuations. 
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Fig. 7.-Relation of investment in farm buildings to vallie of farm products. 

There was no regularity in the directional movement of the daily 
fluctuations which might be of significance to shippers. Prices moved 
in the same direction for consecutive days as follows: one day, 54 times 
two days, 48 times; three days, 32 times; four days, 9 times; five days, 
2 times; and six days, 1 time. There was no tendency for a three-d,ay fall 
in prices to be followed by a three-day rise. Contrary to the belief 
held by many stockmen, it was found that on the average one day in the 
week was no better than another, as far as prices were concerned. Efforts 
to get on the hog market on any particular day were ge~erally pointless. 
This was also more or less true of attempts to follow estimated receipts 
and holdovers because rece'ipts on anyone market bear little relation to 
prices. 

A high correlation was found to exist between daily hog prices at 
St. Louis and other markets. 
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It was impossible to discover in the characteristics of daily market 
receipts any defi'nite cause of daily price fluctuations. The receipts at 
anyone market bore little relation to the price at that market. 

Prices and Grades of Cotton. (F. L. Thomsen). During the past 
year cotton was a leading cash crop in Missouri; its total value exceeded 
that of wheat. One of the leading cotton producing counties in the 
United States is located in Missouri. Much can be done to increase the 
income from Missouri cotton by improving marketing conditions. 

Figures 4 and 5 show the relative status of Missouri and the United 
States with respect to grades and staple length. 

410 
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Fig. 4.-Percentage distribution of staple lengths of cotton in the United States and in Missouri, crop 
year 1929-30 

Long staple cotton may be produced well in Missouri. However, 
the quality of cotton produced in Missouri is relatively poor. 

The Agricultural and Market Value of Missouri Farm Lands. (Con
rad H. Hammar). Over 1000 sales cards with records of that number of 
transactions in farm real estate have been secured from Ralls, Sullivan 
Harrison, and Atchison counties. The relation of these sales data to 
soil types and cropping systems has been worked out. 

The Relation of Farm Improvement to Earnings and Value of Farm 
. Land. (0. R. Johnson, J. C. Wooley, B. H " Frame). A survey of 87 

farms was made in Nodaway and Atchison counties. The labor incomes 
have been computed and all efficiency factors calculated. A farm man
agement analysis fdr the benefit of the individual has been made and 
forwarded to each cooperator. 
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Fig. 5.-Percentage distribution of cotton grades in United States and in Missouri. crop year 1929-30. 

The farms were grouped by the 20 mQst . profitable, the 20 least 
profitable, and the average for the area. The average labor income for all 
farms was $2,022. The average for the 20 most profitable farms was 
$4,699 and for the 20 least profitable $96. The interest earned on the 
net capital, after allowing a manager's wage to the operator was 11% 
for the area, 23% for the 20 most profitable, and 2% for the 20 least 
profitable. The investment in buildings, not including the farm house, 
was on the average farm $2,688, on the 20 high income farms $3,233, 
and on the low income farms $2,328. The fencing investment on these 
three groups was respectively $927.00, $1,052.00, and $747.00. The 
cost of maintenance of buildings and fences was on the average farm 
6% of the total improvement value, on the 20 high income farms 7}{%, 
and on the 20 low income farms 4}{%. On a percentage of income basis 
the improvement maintenance on the average farm took 8.6% of the net 
earnings after paying for management; on the 20 high income farms 
7.3%; and on the 20 low income farms 35.1%. 

The average wage per worker per year was $1,40) for the area; 
for the 20 most profitable $2,6~0; and for the :20 least profitable $259. 
In wages per hour of productive labor this would be for the community 
46c; for the 20 most profitable farms 77c; and for the :20 least profitable 
10:. On crop labor all crops made about the same wage, namely $17 
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per day, allowing market price for the crops grown. On live stock there 
was wide variation. The average farm made $6 per day wages on live 
stock after paying fOr feed. The 20 most profitable farms made $11 per 
day. The 20 least profitable lacked $1.46, paying market price for feed 
and received no wage at all. Variations in skill in crop production are 
much le,ss than variations in skill in live stock production. 

The average farm contained 224 acres. The average of the 20 most 
profitable was 293 acres and the average for the 20 least profitable was 
194 acres. The avera ge farm provided 540.:l.ays of productive labor. 
The 20 most profitable farms provided 717, and the 20 low income farms 
403. Practically the same percentage of land was in crops in all three 
groups. On the average 11 per cent of the crop acreage was in legumes. 
Eighty-.three acres of the 224 average were pasture and 132 acres were 
crops. The average farm kept 6 milk cows, 15 brood sows, 16 sheep, and 
175 hens. The 20 most profitable farms kept 5 milk cows, 24 brood sows, 
31 ewes, and 200 hens. The 20 least profitable kept the same number of 
milk cows, 8 brood sows, 7 ewes, and 150 hens. Considerable beef was 
produced in the community but it was mostly feeding stock. The chief 
difference in the highly profi table and the least profi table was the em
phasis on hog and sheep production. 

In productivity the farms compared about as follows: The average 
yield was taken as 100%. The 20 most profitable farms had an average 
yield or a crop index of 114%; the 20 least profitable 87%. Corn yield 
on the least profitable farms was 37 bushels per acre; on the most profit
able 50 bushels per acre; and on the average farms 45 bushels per acre. 
Oat yields did not vary much. Wheat yields were 19 bushels on the 
average farm; 23 bushels on the 20 most profitable; and 15 bushels on the 
20 least profitable. Pigs ra,ised per brood sow did not vary widely on the 
different classes of farms. The average farm bought 25% of its feed; 
the 20 most profitable bought one-third; and the 20 least profitable 
bought one-fifth. The value of feed'used per $100 invested in livestock 
was $106 on the average farm; $88 on the 20 most profitable; and $135 
on the 20 least profitable. The 20 most profitable farms received $1.49 
in sales per dollar invested. The 20 least profitable received $1.30 per 
dollar invested. The average farm sold $1.26 worth oflive stock for each 
dollar's worth of feed fed. The 20 most profitable sold $1.60 worth, 
while the 20 least profitable sold $1.01 worth. To make expenses pay 
reasonable wages this margin ought to be frQm $1.30 to $1.40. While 
the incomes on the average were good, more of this income was traceable 
to good crop production rather than to good live stock feeding, 

The average farm provided 309 days of productive labor per worker. 
The 20 most profitable 346; and the 20 least profitable 257. The average 
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MISSOURI TYPE-OF-FARMING 
AREAS AND DOMINANT 

SOIL lYPES 

Fig. 6.-i\1issouri types of farming areas. 
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workman took care of 25 units of live stock. On the 2·) most profitable 
farms he took care of 37 units; and on the 20 least profitable 18 units. 
The machinery investment per worker was $522 on the average; $511 011 

the 20 most profitable; and $441 on the 20 least profitable. The cost of 
maintaining machinery per acre of crops was $2.83, 

Considering investmen't factors the average land value for the area 
was $140 per acre. The average improvement value $12 per acre; the 
average fence value $4.14; the average machinery investment $4.10; . 
the average investment in feeds, suppl'ies, and live stock $25.38. 

These 87 farms were probably better than the average in the region 
studied, although an effort was made to secure farms as nearly average 
as possible. 

Types of Farming Areas in Missouri (C. H. Hammar, W.J. Roth),
This project is in cooperation with the United States Deaprtment of 
Agriculture. Data from the census and the Crop Reporting Service 
permitted a study of the characteristic farm enterprises in Missouri. 
Soils and topography vary widely in Missouri. These are responsible 
for differences in farm practices. Figure No.6 shows the different areas 
of Missouri and the major farm practices in these areas. 

Taxation Problems of Agriculture (Conrad H. Hammar).-A sum
mary of this project will be found in Missouri Agricultural Experi
ment Station Bulletin 291. 
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AGRICULTURAL ENGINEERING 

J. C. VVOOLEY, Chairman 

The Relation Between Investment in Service Buildings and the 
Earning Value of the Land. (J. C. Wooley). According to the 1925 
census the average value of farm land in Missouri was $61.37 per acre. 
The average value of buildings was $13.50 per acre. Would increasing 
the investment in buildings increase the earning power of the farm, or is 
the investment already too high? These are questions that must be 
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Fig. 3.-Daily fluctuations from weekly moving average of hog prices at Chicago, 1928. 
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answered before recommendations as to farm building design can be 
made. 

A study of the relation between investment in buildings by states 
and the value of farm products by states has been made, and is shown 
in Fig. 7. 

In order to secure definite data as to the amount of the investment 
in farm buildings and to determine the contribution of this investment 
toward the farm income, a survey has been made in Nodaway county. 
The survey covered the financial record fbr one year, the size and arrange
ment of fields, the investment in fencing, and the arrangement and value 
of the buildings on the farm. A map of each building group was drawn 
to scale. 

In determining the present worth of the buildings the depreciated 
replacement cost method was used. Each building was measured and 
inspected to determine type of construction, quality of material, and 
workmanship. In this manner it was possible to place a per cubic foot 
cost which would represent the replacement cost of the building today. 
Table No. 7 shows the replacement cost of various types of farm build-
1l1gs. 

TABLE 7.-CUBIC FOOT COST OF FARM BUILDINGS 

Hay and feeding barns, pole frame, no foundation, 2Y. to 4c. Avg.3y.;'c. 
Hay and feeding barns, timber frame, rock or concrete foundation, 2Y. to Sy'c. 

Av:g.4c. 
Heef cattle barns, balloon or timber frame, concrete foundation, 2 to 5c. Avg.3Y.c. 
Dairy barns, concrete foundation and floors, steel equipment, 4 to 6Y.c. Avg.3y.;'c. 
Cattle or Machinery shelters, post frame, no found·ation, 2Y. to Sy'c. Avg.3y.;'c. 
Cattle or Mach~nery shelters, concrete foundations or the equivalent, 4 to l2Y.c. 

Avg. 4~-1Ic. 
Garages, balloon or timber frame, concrete foundations and floors, 6Y. to 8c. Avg. 

7Y.c. 
Garages, post frame, no foundation, dirt floor, 4 to 8c. Avg. 5 Y. c. 
Poultry houses, balloon or timber frames, concrete foundation,S to lOc. Avg. 6}:!'c. 
Poultry houses, post construction, dirt floor, 3 to 7Y.c. Avg.5Y.c. 
Corn cribs, balloon frame, concrete foundation,S to 8Y.c. Avg. 6J1c. 
Corn cribs, post frame, wood floor, 3Y. to 6c. Avg.Sc. 
Brooder houses, depending on type of construction,S to l2c. Avg.7}:!'c. 
Individual hog houses, 4 to l2Y.c. Avg.7Y.c. 
Granaries,4 to lOco Avg.7Y.c. 
General storage houses such as fuel houses, etc., 3 to l2Y.c. Avg. 7Y.c. 
Farm houses, modern, brick veneer or stucco, 35 to 40c. 
Farm houses, remodeled, semi-modern, 25 to 30c. 
Farm houses, not modern, 15to 20c. 

A score card has been developed to show the convenient layout 
of farm buildings. The farm homes in this study showed thirteen to be 
c9mpletely modern, having a single heating system, a lighting system, 
running water and a sewage disposal system. Seventeen were semi
modern; that IS, they had one or more of the above named features, 
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and twenty-three were not modern in any respect. Table No.8 shows 
the comparison of the present worth of buildings for living and of 
buildings for business. 

TABLE 8.-THE VALUE OF BUILDINGS FOR LIVING PURPOSES AND THE VALUE OF 
BUILDINGS FOR BUSINESS PURPOSES 

For Living For Business 

TotaL _______________________________________ $154,120.87 $122,704.20 
Avg. for alL ___ " ________________ ._ _ __ __ __ _ _ _ _ _ _ 2,568.68 2,045.07 
Avg. ·for Twenty Least Prod._ _ _ __ _ _ _ _ _ _ _ _ __ _ _ _ _ 2,709.76 1,631.15 
A vg. for Twenty Most Prod. ___________ ~_.=._.:.._ ::,: __ :.:_:.:_.=._.=._'-----'22..,5:.:9-=1:.: . .:..9.:..9 ___ 2-=,.:..5::,:26::,: . .=.6.=.5_ 

Table No. 9 shows the comparison of the replacement cost of 
buildings for living and of buildings for business. 

TABLE 9.-COMPARISON OF THE RE,PLACEMENT COST OF BUILDINGS FOR LIVING 
AND OF BUILDINGS FdR BUSINESS 

Total _______________________________________ _ 
A verage for All __________________ . ___________ _ 
Avg. for 20 Least Prod. _______________________ _ 
A vg. for' 20 Mas t Prod. _______________________ _ 

For Living 

$242,592.10 
4,043.20 
4,006.83 
4,205 .. 69 

For Business 

$233,691 .63 
3,894.86 
3,078.91 
4,709.08 

Table No. 10 shows the annual cost of farm homes on Nodaway 
county farms. 

TABLE 1O.-THE ANNUAL COST OF FARM HOMES ON NODAWAY COUNTY FARMS 

Ins. on 
Annual Taxes Ins. at 
Repair at 40c 10c 

Replace- )/, of Chg. at per per 
ment RepL Annual )/,% on $100 $100 

Cost of Cost Depree. Rep!. Pres. Pres. Total 
Home at 6% Charge Cost Worth Worth 

---
Total $ ______ 242,532.10 7,275.97 3,937.13 1,212.48 616.40 154.02 13,195.00 
Avg. for AIL_ $4,042.20 $121.26 $65.61 $20.20 $10.27 $2.56 $219.91 
Avg. for 20 

Low Pro-
ducing 
Farms ___ 3,973.59 119.20 65.98 19.85 10.83 2 .70 218.59 

Avg. for 20 
High Pro-
dueing 
Farms ___ 4,067.79 122.03 67.02 20.33 9.79 2.44 221. 63 

Table No. 11 shows the value and replacement cost of buildings 
111 relation to size of farm, labor income, and the number of animal 
units maintained. 



PROGRESS IN AGRICULTURAl1 RESEARCH 39 

TABLE ll.-VALUE AND REPI.ACEMENT COST OF BUILDINGS IN RELATION TO SIn OF 

FARM, LABOR INCOME, AND THE NUMBER OF ANIMAL UNITS 

MAINTAI N ED . 

Size 
Present Worth Replacement Cost 

No. of 
of Labor of All of Service of All of Service Animal 

Farm Income Bldgs. Bldgs. Bldgs. Bldgs. Units 
- -------------

Total _ 11,807 111,723.00 276,822.07 
Avg. 

122,704.20 476,327 . 89 233,691.63 2,623.39 

for All 196 1,862.05 4,613.70 
Avg. 

2,045.07 7,938.79 3,694.86 43.72 

for 20 
Low 
Prod. 
Farms 172 318.25 4,340.76 1,631.15 7,085.72 3,078.91 32.07 

Avg. 
for 20 
High 
Prod. -
Farms 235 3,803 .30 5,118.65 2,526.65 8,914.77 4,709.08 65.13 

Table No. 12 shows the annual cost of service buildings on Nodaway 
county farms. 

TABLE 12.-THE ANNUAL COST OF SERVICE BUILDINGS ON NODAWAY COUNTY FARMS 

Total ___________________ ________ _ 
{\.verage for AlL _________________ _ 
Average for 20 Least Profitable Farms 
Average for 20 Most Profitable Farms 

Total Annual Cost 

16,669.91 
277.83 
222.75 

. 333.18 

Annual Cost per 
Animal Unit 

---.----
479.58 

7.99 
9.03 
6.39 

Table No. 13 shows the place of farm buildings in the cost of pro

duction on all farms. 

TABLE D.-THE PLACE OF FARM BUILDINGS IN THE COST OF PRODUCTION 

ON ALL FARMS 

• Int. on Ins. and 
Invest. Vet'n ary 

An. Cost Profit and in An- y. of 1% 
imals on the In- Rough- Concen- of Service Wages of 

at 7% vestment Pasture age trates Buildings Manager 
--------
Average 265.80 31.39 424.96 511. 94 3173.66 271.01 1895.05 
Percent-

age of 
Total 
Aver-
age 
Cost 5.64% .67% 9 .08% 10.9-4% 67.86% 5.79% 
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TABLE 14.-THE PLACE OF FARM BUILDINGS IN THE COST OF PRODUCTION ON SIXTEEN 

BEEF AND HOG FARMS IN NODAWAY COUNTY 

Int. on Ins. 
Labor An. e'''1 P"fib Invest. and of Ser_ and 

in An- Veter- Rough- Concen- Except vice Labor 
imals inary Pasture age trates Mgr. Bldgs. of Mgr 

--- I-
Average 395.07 14.31 636.37 951. 62 5788.37 750.41 364.24 2773.6 8 
Per-

cent-
age of 
Total 
Avg. 

, 
I 

Cost 4.43% .16% 7.14% 10.69% 65.03% 8.43% 4.09%1 -

The Use of Combine Harvesters in Missouri. (M. M. Jones, D. D. 
Smith). Studies to determine the practicability of using combine har
vesters for harvesting wheat and other small grain and seed crops in 
Missouri, have been made and results are reported in Station Bulletin 
No. 286. 

The Cost of Filling Silos. (M. M. Jones, D. D. Smith). Cost 
records have been obtained on the filling of 325 silos during the year 1929. 
These records have been partially analyzed but the data is not complete 
at this time. 

The Farm Power Survey. (M. M. Jones, D. D. Smith). In coopera
tion with the Departments of Animal Husbandry, and Agricultural 
Economics, and the U. S. Department of Agriculture, a general economic 
power survey has been made in two typical farming regions of Missouri, 
to determine the trends in farm power and power equipment, and the 
costs of performing different farming operations }yy different methods. 
The records have been accumulated but have not been analyzed at the 
present time. 

Electric Refrigeration for Farm Dairies. (R. R. Parks, M. M. Jones). 
Detailed studies have been made upon sixteen farm dairy refrigeration 
plants. 

The first cost of the refrigeration plants varied from $555 to $1750 
per lOQgalloils daily caPi city. This wide variation is due to the different 
conditions, differences in type of systems, and differences in capacities. 
The wet storage type of system was cheaper than the dry type. The larger 
systems were cheaper per 100 gallons capacity than small ones. Home
made cold storage rooms were generally cheaper than those bought ready 
made. The type and quantity of insulating material used in the walls 
also affected the cost. The addi tion of accessories increased the first 
cost, in some cases. 

Operating cost ranged from 0.09 to 0.48 kilowatt~hours per gallon 
of milk cooled. Energy consumption was affected by the temperatures 
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to which the milk was cooled and stored and the quality of insulation 
on the storage room or tank. Where cold water was available for helping 
precool the milk, less electrical energy was required. Under average 
conditions an energy consumption of 0.10 to 0.15 kilowatt-hours per 
gallon of milk cooled and stored was considered good. 

Figure No. 8 compares the temperature of the ou tside air to the 
temperature of the storage rooms at two of the dairies for the week 
ending July 28,1929. 

The variation shown in Dairy Number 7 at 6 a. m. and 6 p. m. 
each day was due to the fact that the storage room was indirectly cooled 
and that the brine milk ratio was rather low, 0.7 to 1 when a ratio of 3 
to 1 was generally recommended. 

Air-cooled compressors and condenser coils were usually to be 
recommended rather than water-cooled machines. Air-cooled machines 
are somewhat less efficient, but are simpler and generally require less care 
and attention, especially during freezing weather. 

Where only wholesale milk was produced and the milk sold in cans, 
a wet type tank met the requirements for both the pre-cooling and the 
storage. Usually there was a lower bacteria count in milk where it was 
cooled in cans in a wet storage tank rather than pre-cooled over an 
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Fig, 9.-Effectofcutter speed on energy (kilowatt hours) required. 
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aerator and then stored. Dry storage was generally preferred for the 
retail dairy where the milk was sold in bottles. 

Filling Silos with a Five H. P. Motor. (R. R. Parks, M. M. Jones). 
Silos on eleven different farms were filled in 1928 and 1929 with 5 H. P. 
electric motors. With a good cutter, aSH. P. motor can be depended 
upon to cut five tons per hour and elevate to a height of at least 40 
feet, with an energy consumption of about one kilowatt-hour per ton. 

The following requirements must be met for successful silo filling 
with 5 H. P. electric motors: A properly designed cutter must be used; 
the cutter must operate at a slow speed; an efficient motor drive must 
be provided; the knives must be properly set and sharp; the cutter must 
be fed uniformly; good electric service is essential. 

Fig. No.9 shows the effect of cutter speed on energy required. 
Fig. No. 10 shows the effect of speed on power required to drive 

16-inch cutter empty. 

r . 

Fig. 1O.-Effect of speed on power required to drive 16 inch cutter empty. 

Table No. 15 shows the effect of length of cut on energy required. 

TABLE 15.-EFFECT OF LENGTH OF CUT ON ENERGY REQUIRED 

Length of 
Tons Cut 

KwHrs. Length of Tons per Power KwH. per 
Cut, Inches Used Test, Hrs. Hour Req'd, Kw. Ton 

1 4.540 3.13 .58 .783 5.4 .69 
~ 4.629 3.27 .76 .609 4.3 .706 
Yo 3.815 2.91 .65 .586 4.49 .764 
;{ 7.226 6.44 1.44 .502 4.46 .89 



Underheating for Electric Brooders. (H. H. Parks, :\1. l\ 1. Jones) 
An experim ental brooder with the heat uppli ed from in sulated heater 
elements buri ed in a sand Hoor has been co nstru cted. Fi gure No. 11 
shows this brooder. The temperature in si de the brood r was controll ed 

FiJJ. I 1. - A n ex pe ri merlla I eiee t ri c brooder. 

by a thermostat switch. Th e glas -covered portion is a feed ing yard 
con nected to the front of the brooder proper. On clear day s with an 
outside temperature of 50°, the sun warms th e feeding yard to 70° or 
RO°. 

Brooder operated sati sfactorily during the first season. The main 
advantages of thi s brood er were low first cost, and lower operating cos ts 
than for other electric brood ers. 

T A BL E J(i. I ~ LF.CI RICITl' USED ON T E ST FARM 

T otal for 
12 month s 

ost 12 months at 
$.0407 per k. w. h. 

Average 
per man [h 

Lig hts· __ 321 $ 13. 16 $1. 10 
Refrigerator __ 575 23.57 1. 95 
Pump Motor ______ 153 6.27 .52 
Shop Motor _______ 14 . 57 .05 
WaterT-Jeater ____ __ 572 23 .45 1. 95 
ElevatoL __________ 596 24.43 2.03 
Dishwash er _______ 17 . 69 .05 
Barn ___ _ ________ 10 .4 1 .03 
Stover ____ ...: . ...:_...: _ ___=:...:..:.-=..: ___ ~I..:::.:: 3·4~3 _---' __ ___=5::..:5:...: . ..:::0.:::6 __ ~ __ ___=4...:. . .=.59=____ 

· Lights inc lu de iron, toas ter, sweeper and was hing machin e. 



-1- .:; 

Amounts of Electricity Used for Different Operations on Farms. 
CR. R. Parks,M. IVL J ones) . R ecords have been kept on a nUI11 ber of tes t 
farm s to de termin e the amount of elec tri cal energy used by d ifferent 
appliances. Tabl e No. 1 A is a summ ary of one of these reco rds (or a 
farm t hat has bee n using elec tri city rather ex tensively. 

Heating Hotbeds With Electricity. CR. R . Park s, 1\'1. 1\1. J ones). 
Four elec tri call y-h atecl ho tbeds have been constru cted, used and 
studied during the spri ng of 1929. Seven wcre obse rved and tes ted du ri ng 
the spring o f 1930. Th ese tes ts indi cated th a t electri call y hea ted hot-

Fig . 12.-0ne o f th e ex peri me nud elec tri cc, lly. hea ted hotbeds wilh cove r remove d and with one hente r 
unit ex posed . 

beds were practical and economical where electrical energy was avai lable 
at 2 to 3 cents per kilowatt-hour or less, and where manure was relatively 
expensive. The heat and rate of growth can be better controll ed in 
electric h tbeds than with manured beds. 

The first experimental beds were heated by open elements strung 
beneath a metal floor which supported the hotbed soil. The later ex
periments were made on different types of low-wattage immersion 
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heaters. Insulated resistance wire protected by lead covering, or brass 
or iron piping was buried in the hotbed soil. 

Different crops, soils, and systems of management appeared to 
require different spacing and capacity heaters. In general, however, a 
12-foot length of heater element, having a capacity of 125 watts and 
placed about four inches beneath the surface, was adequate for an 
18 square foot section of hotbed. In sandy soils the heater elements 
must be buried sligh tly deeper in order to get uniform diffusion of the 
heat through the soil. Watering the beds helped to distribute the heat 
uniformly. Figure No. 12 shows one of the experimentally heated hot
beds with cover removed and with one heater unit exposed. 

ANIMAL HUSBANDRY 

E. A. TROWBRIDGE, Chairman 

Growth and Development of Draft Colts (E. A. Trowbridge, D. W. 
Chittenden, S. Brody).-Six Percheron colts, three males and three fe
males, were used in this experiment from weaning time, September 10, 
1929, until they were turned on pasture May 16, 1930-249 days. Weight, 
feed records, linear measurements, and metabolism data were secured. 

Before weaning the colts were kept in box stalls during the 
day. At night they were allowed to run with their dams on pasture. They 
were allowed to eat grain and hay with the mares when they were fed 
and no record of the amount consumed by the colts was kept. When the 
mares were fed away from the barn at noon the colts received two pounds 
of a grain mixture per head. 

After weaning, colts were divided into two groups of three head 
each and fed twice a day. Group I received all the hay they would con
sume twice a day. Group II received one-half the amount of grain and 
hay consumed by Group 1. Limiting both grain and hay for Group II 
was unsatisfactory and, beginning January 3, this group was allowed 
all the hay they would .consume twice a day. The colts were handled 
the same. 

Two colts in Group I became off feed, being slightly foundered. There 
was no sickness in Group II. At the close of the period the colts in the 
full fed group were carrying more flesh and had gained slightly more 
in height at withers, height at rump, and in depth of chest than the colts 
in the limited fed group. However, the colts in the limited fed group made 
satisfactory gains in weight and growth. 
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The Diagnosis of Pregnancy in Mares (F. F. McKenzie).-The 
Aschheim-Zondek test for pregnancy in the human was tried, using the 
urine of the males and injecting it into mice and rats. No definite 
effect on the ovaries of the test animals was noted. The urine of preg
nant rabbits was. injected into test animals after different treatments, 
but no change was noted in the ovaries of the test animals. 

Blood serum from pregnant mares has given better results. Definite 
follicular growth has been observed in the ovaries of mice and rats in
jected with the blood serum of mares pregnant 43 days to five and one
half months. This serum also definitely stimulated growth in the acces
sory genital organs of male mice, notably the seminal vesicles. Most of 
this work was done prior to the publication of Hart and Cole's work 
at the California Agricultural Experiment Station. Tests have been 
made since following their technique. Their results were confirmed. 

The Anterior Lobe of the Pituitary in Livestock Breeding (F. F. 
McKenzie).-Attempts have been made to stimulate the ovaries of 
weanling pigs, 34 to 43 pounds initial weight, and suckling lambs. 

Thirty-four fresh anterior pituitaries were given by 19 implantations 
over a period of 27 days in the case of the 43-pound gilt. No definite 
stimulation on the ovaries was noticed, though there did appear a swel
ling of the vulva toward the last of the trial. No difficulty was encounter
ed in making the implantations when fresh pituitaries were used. How
ever, fresh pituitaries were difficult to secure, so hog pituitaries were 
obtained from Armour and Company, Kansas City, and shipped on ice 
to the laboratory. In this way, refrigerated anterior pituitaries were 
implanted on weanling pigs and suckling lambs. However, the pigs 
and lambs became badly infected when this stored tissue was implanted, 
though every precaution was taken to maintain asepsis. 

Some pituitaries were dropped in glycerin when removed in the 
packing house. This tissue totally failed· to stimulate ovaries in test 
animals and the pus-forming organisms were not destroyed. Some were 
dipped or ground in acid alcohol but the potency was reduced by this 
treatment. Some upon arrival at the laboratory were dipped in one 
per cent solution of creolin. It was difficult for the host to absorb this 
material and there remained a hard residue for some days. Aqueous 
mercurochrome (4 per cent) was tried, but the implantations were fol
lowed by a sloughing ohhe skin near the point of injection. Surgical 
mercurochrome was used also. (an alcohol, acetone solution) This 
was the only method that afforded satisfactory results. 

The ovaries of one gilt that received 66 refrigerated anterior pitui~ 
taries over 30 days showed at autopsy (age 99 days) three follicles five 
m. m. each; two, four m. m. each; and two, three m. m. each. Perhaps 
some stimulation was present. Probably the dosage must be increased 
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greatly to stimulate ovaries in such immature animals. Animals nearer 
sexual maturity would not require so much added stimulus. 

One Shropshire ewe lamb survived the implantation and when 
slaughtered at an age of 120 days and weight forty pounds, showed two 
corpora lutea of recent origin, two follicles six m. m. each, and one follicle 
four m. m. This was the first ewe lamb that was stimulated to ovulate 
by the implantations of stored anterior pituitary bodies. 

Urogenital Abnormalities in Sheep (F. F. McKenzie).-Several cases 
of urogenital abnormalities were noted in a grade Hampshire flock owned 
by a farmer in the State. Several different types of abnormalities were 
observed. However, the following year the sire of these abnormal lambs 
was used on a different flock and no abnormalities appeared. No evidence 
has been obtained that these abnormalities were inherited and no expla
nation can be offered for its appearance. 

The Length of the Period of Heat, the Estrual Cycle, and Gestation 
Period in Mutton ~heep (F. F. McKenzie).-Twenty-eight Shropshires 
and 19 Southdown ewes were observed. Table No. 17 shows the results. 

TABLE No. 1 7 .-LENGTH OF THE PERIOD OF HEAT, THE ESTRUAL CYCLE, AND GES
TATION PERIOD IN MUTTON SHEEP. 

Average length of estrus ____________________ Shropshires-61 periods-23.9 hours 
Average length of estrus ____________________ Southdowns-31 periods-23.2 hours 
Average length of cycle from beginning of one 

estrus to beginning of next estrus _________ Shropshires-33 intervals-15.7 days 
Average length of cycle from beginning of one 

estrus to beginning of next estrus ________ Southdowns-13 intervals-16.2days 

In a total of 92 heat periods 73 per cent were of20-26 hours duration; 
12 per cent were less than 20 hours; and 15 per cent more than 26 hours. 
The length of the estrus cycle varied from 8 to 31 days. However, 76 
per cent were of 15, 16, or 17 days duration. The length of the gestation 
period averaged 145.8 days and the range was ftom 136 to 161 days. 

Anatomy of Cryptorchid Boars (F. F. McKenzie).-Of ten boars 
that were crytorchid, five were double. Only one failed to develop mascu
line characteristics. When this one was killed at thirteen months of age 
only one testicle was found. It was in the inguinal canal and weighed 
nine grams, approximately three per cent of the weight of the normally 
descended testicle. In the other cryptorchid boar.:; the undescended 
testicles were located. in the abdomen, a short distance from the entrance 
to the inguinal canal and weighed 55 grams, as compared with 620 
grams of the descended organs, age one year. The seminal vesicle and 
Cowper's glands in the animal that lacked masculine appearance and 
whose only testicle weighed nine grams were markedly l.;lnder size. 

Cryptorchidism in Swine (F.F.McKenzie).-Of 107 pigs, both sexes 
sired by one boar and out of twelve different sows, ten were cryptorchid; 
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that is, one or both testicles failed to descend into the scrotum. These 
ten cryptorchid boars came from seven different litters farrowed by five 
different sows. The sire of the pigs was unrelated to the sows. Of these 
five sows, four were related to each other, one being the dam of the other 
three. 

Two backcrosses were made. The sire of the ten cryptorchid boars · 
was mated to his daughter which was litter-mate to cryptorchid boar 
pigs. This mating resulted in a litter consisting of one sow pig, three 
normal boar pigs, and two cryptorchid boar pigs. Also a gilt was bred 
to a litter-mate cryptorchid boar and the resulting litter consisted on one 
sow pig, two normal boar pigs, and two cryptorchid boars. The sire-to
daughter mating resulted in three normal and two cryptrochid boars; 
the brother-to-sister mating gave two normal and two cryptorchid boars. 
That is, about fifty per cent were abnormal. Cryptorchidism therefore 
seems to be inheri ted. 

In the inbred litters another abnormality appeared. Umbilical 
hernia was found in one sow pig and in one boar pig. From the prac
tical breeder's standpoint it seems safe to recommend that he avoid 
breeding to cryptorchid males and from breeding to stock that has pro
duced cryptorchids. 

The Adequacy of C01.runerical Feedstuffs for Swine Reproduction 
(A. G. Hogan, J. G. Cottier).-S.ixteen Hampshire gilts secured in July, 
1929 were divided into four groups. One received a ration similar to that 
used in previous years but which was somewhat unsatisfactory. The 
second received a ration containing a larger percentage of protein; the 
third also received more protein and, in addition, wheat shorts and a 
larger quantity of alfalfa meal. Two animals in each group were given 
access to a small out-door pen. However, sunlight apparently had no ef
fect on their lactation records. The fourth group received the same ration 
as the first, but at farrowing time was placed on bluegrass pasture. The 
lactation function of sows was partially satisfactory. The number of 
pigs weaned was normal and their weights not far below normal. A few 
of the sows did not consume a sufficient amount of food and failed to 
secrete a liberal amoun t of milk. The pigs in the first three groups did not 
have entirely healthy skins and their coats were roughened. The pigs 
in the fourth group were heavier than those in the first and were healthier 
in appearance. However, their weights were low, considering the fact 
that they received exceptionally good care. This was probably due to 
infestation with intestinal worms. 

In previous years pigs reared in confinement developed severe ane
mia. A number of pigs were treated with ferrous sulphate. All pigs were 
creep fed. The anemia was promptly relieved by administering the iron 
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salt. Unquestionably a severe anemia should be prevented, but this pre
caution alone does not make it possible to rear pigs successfully in con
finement. 

Protein Supplements for Feeding Hogs on Pasture (L. A. Weaver).
Corn was the principal source of energy production. A mineral mixture 
of equal parts ground limestone, bone meal, and salt was before the hogs 
in all lots. All hogs were on pasture. The study was designed to deter
mine the relative efficiency of proteins from different sources and es
pecially the value of protein supplements derived from a combination 
of feeds as compared with less complex mixtures. 

Lot I received corn and no supplement. 
Lot II received corn, 4 parts, and one part of 23 per cent protein 

supplement composed of the following: Shorts 500 pounds, hominy feed 
300 pounds, blackstrap molasses 260 pounds, tankage 250 pounds, cot
tonseed meal 50 pounds, linseed meal 50 pounds, dried buttermilk 50 
pounds, gluten meal 50 pounds, alfalfa meal 50 pounds. 

Lot III received corn, 7 parts, and one part of a 33.5 per cent pro
tein supplement composed of the following: Shorts 500 pounds, tankage 
250 pounds, linseed oil meal 125 pounds, cottonseed meal 125 pounds. 

Lot IV received corn, 10 parts, and one part of a 43.2 per cent pro
tein supplement composed "of the following: Shorts 125 pounds, tankage 
250 pounds, linseed oil meal 125 pounds, cottonseed meal 125 pounds. 

Lot V received corn, 13 parts, and one part of a 53.1 per cent pro
tein supplement composed of the following: Tankage 400 pounds, lin
seed oil meal 100 pounds, cottonseed meal 100 pounds. 

Lot VI and VII received corn, 16 parts, and one part of a 60 per 
cent protein supplement: tankage. 

Lot VIII received corn, 12 parts, and one part of a 60 per cent pro
tein supplement; tankage. 

The nutritive ratio of the concentrates fed each of these lots 
which received a supplemented ration, with the exception of Lot VIII 
was 1 :7; the nutritive ratio of the concentrates fed to Lot YIII 
was 1:6.4. 

Growing fattening hogs full fed corn alone on Sudan grass pasture 
made smaller gains and required more feed to produce 100 pounds gain 
than when a protein supplement was supplied. 

When tankage was the only protein feed used, gains were as rapid 
and no more feed was required per unit gain than when a more compli
cated protein supplement was used. 

In general, when measured by rate and economy of gain (in terms 
of feed required per unit of gain) the higher the percentage of protein 
in the supplementary mixture the better the results secured. Thus corn 
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supplemented with a 23 per cent protein supplement produced gains at 
about the same rate but more feed was required to produce 100 pounds 
gain than when supplements containing higher percentages of protein 
were used. These differences, however, were smaIl as migh t be expected 
due to the fact that the amount of supplement fed in each case (except 
for lots I and VIII) was such as to make the nutritive ratio the same for 
all lots. 

With feed at the market price, corn and tankage produced the most 
economical gains. Corn and the 23 per cent proteins produced the most 
expensIve gams. 

A ration of corn 16 parts, tankage one part (nutritive ratio 1 :7) 
produced as rapid gains and no more feed was required per 100 pounds 
gain than when one part of tankage was fed with 12 parts corn. Owing 
to the smaller proportion of the high priced supplement used in the 16 
to 1 ratio, gains produced by hogs fed the ration made up of corn 16 
parts, tankage 1 part, produced the cheapest gains. 

Fattening Fall Calves by Feeding Grain While They Are Suckling 
and for 168 Days MterWeaning (E.A. Trowbridge, H. C. Moffett, E. M. 
Jones).-(In cooperation with Sni-A-Bar Farms and the United States 
Department of Agriculture). Twenty-five steers 60 days old from high 
grade Shorthorn cows and sired by good purebred Shorthorn bulls were 
divided into three lots. The first lot ran with their dams and received 
no grain. The second lot ran with their dams but had access to grain 
and alfalfa hay in a creep. The third lot was kept in a pasture lot with 
access to grain and alfalfa hay and suckled twice daily. 

The calves were fed a ration consisting of corn 2 parts, oats one part 
until March 20 when the ration was changed to corn 5 parts, oats 2 parts, 
with one part linseed meal. At weaning time, May 15, the calves were 
placed in dry lot and fed twice daily 'on a ration of corn 8 parts, linseed 
meal one part, with alfalfa hay. 

At the end of the suckling period Lot 1 which ran with dams without 
grain had gained 197 pounds. Lot 2 which was fed grain in a creep in 
the pasture gained 305 pounds. Lot 3 which was fed grain in a grass lot 
and suckled twice daily gained 344.8 pounds. 

During the 168 day dry lot feeding period the lot which had not had 
grain during the suckling period gained 315 pounds as compared to 288 
pounds for each of the other two lots. 

Rations for Fattening Native Spring Calves (E. A. Trowbridge, H. C. 
Moffett, E. M. Jones).-(This project is in cooperation with Sni-A-Bar 
Farms and the United States Department of Agriculture.) Thirty-six 
head of "choice" high grade Shorthorn steer calves were divided into 
three lots. During the suckling period the calves were self fed grain in 
the creep while running with their dams on good bluegrass pasture. Lot 
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1 was fed a grain ration of shelled corn; Lot 2 was fed a ration of corn, 
8 'parts, cottonseed cake one part; and Lot 3 was fed two parts shelled 
corn and one part oats. 

At the close of the suckling period each lot was continued in dry lot 
on the same ration. 

During the suckling period, the addition of cottonseed cake to a 
ration of shelled corn (1 to 8) increased the feed consumption, daily gains, 
and market price of the cattle in Lot 2. The substitution of oats for one
third the shelled corn ration increased the feed consumption ' without 
increasing the daily gain. 

During the dry lot feeding period, the steers fed cottonseed cake made 
a total gain of 291 pounds as compared to 325 pounds for the straight 
corn fed cattle and 320 pounds for the cattle fed corn and oats. Alfalfa 
hay was fed throughout the period and silage was fed during a part of 
the period. At the close of the period Lot 2, fed corn and cottonseed 
cake, was fatter than either of the other two lots. 

Calves fed grain while nursing are fatter than calves not fed grain 
and therefore made less economical gains after weaning time. 

Well bred early spring calves were particularly adapted to feeding 
grain while nursing, while the practice was of only limited application 
to late calves. 

The Influence of Feeding on Carcasses from Steers and Heifers. 
(E. A. Trowbridge, H. C. Moffett, M. T. Foster, W. S. Ritchie, Jessie 
Alice Cline).-Slaughter and cooking data at this Station indicate that 
yearling steers or heifers full fed 196 days in dry lot make choice slaughter 
<::attle and yield very desirable carcasses from the standpoint of finish and 
palatability. Steers and heifers of the same age and quality, but fed half 
a grain ration with roughage for 196 days in dry lot produced reasonably 
good beef. Steers fed on roughage alone yielded carcasses that were very 
thin and lacking in finish. Such carcasses did not produce desirable or 
palatable beef. 

Steers full fed 196 days in dry lot graded the same as heifers fed 
similarly, dressed a higher percentage, contained more lean and bone, 
and gave a higher palatability score. Heifers fed half grain ration 168 
days in dry lot then full fed 168 days on pasture dressed a higher percent
age than steers fed similarly, but yielded carcasses somewhat "cowy" 
in conformation, graded lower, contained a higher total percentage of 
fat, and yielded more palatable roasts. The percentage of fat in the eye 
muscle of the heifer carcasses was double that contained in steers 
handled similarly. There was little or no appreciable difference in the 
percentage of loin and rib yielded from the corresponding steer and heif
er carcasses. The percentage of round, chuck, and shank were in every 
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case higher in the steer carcasses. The percentage of flank was higher 
in the heifer carcasses. 

The Effect of Age in Producing Beef From Female Cattle (E. A. T row
bridge and H. C. Moffett) .-Groups of five each of 14 months old heifers 
and mature cows all fat at time of slaughter were used. The cattle were 
fattened on a ration of shelled corn 8 parts, cottonseed cake one part, 
with corn silage and clover hay as roughages. An effort was made to 
cheapen the cost of fattening the cows by limiting the grain fed to them, 
especially during the early part of the feeding period, and providing a 
heavy silage ration. 

The cows were fed only two-thirds as long as the heifers but made 
ten per cent more rapid gains, the average daily gain being 2.24 pounds 
through 111 days for the cows and 2.04 pounds through 180 days for 
the heifers. '1 he heifers consumed approximately 20 per cent more grain 
but 50 per cent less hay and only ten per cent as much silage per 100 
pounds gain as was eaten by the cows. The feed requirement per 100 
pounds gain for the heifers was 600 pounds corn and cottonseed cake, 
206 pounds clover hay, and 203 pounds corn silage; and for the cows it 
was 496 pounds corn and cottonseed cake, 302 pounds clover hay, and 
1842 pounds corn silage. The carcasses yielded for the heifers graded 
"high good" and "low choice" while the cow carcasses graded as "good" 

Fattening Steer and Heifer Calves (E. A. Trowbridge, H. C. Moffett, 
E. M. Jones).- (This proj ect is in cooperation with Sni-A-B ar Farms.) 
A lot each of spring heifer and steer calves were creep fed 140 days until 
weaned, then fed 196 days in dry lot on a ration of shelled corn and 
cottonseed cake, 8 to 1; grass until weaned, alfalfa hay and corn silage 
thereafter. During the suckling period the steers gained 2.17 pounds 
daily and the heifers 0.1 pound less daily. The heifers ate 15 per cent 
more grain during this period than the steers and sold at the same price. 
They appeared fatter than the steers. During the 336 days of feeding 
the steer calves gained 595 pounds and the heifers gained 578.4 pounds. 
Heifers should therefore be fattened and marketed at an early age and 
light weight. 

Wintering Beef Calves (E. A. Trowbridge, H. C. Moffett).-The 
calves used were Herefords. They were divided into six lots, of eight 
head each and fed as follows: . 

Lot I-fed one-half full feed of grain (shelled corn 8 parts, cottonseed 
cake 1 part) with corn silage and clover hay. 

Lot 2-clover hay with corn enough to make them gain as much as 
Lot 1. 

Lot 3-timothy hay with corn and cottonseed cake enough to make 
them gain as much as Lot 1. 

Lot 4-corn silage and clover hay. 
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Lot 5-clover hay with enough corn to make them gain as much as 
lot 4. 

Lot 6-timothy hay with enough corn and cottonseed cake to make 
them gain as much as Lot 4. 

All lots received mineral mixture equal parts by weight, ground lime
stone, special (animal feeding) bone meal, and common salt. 

An average daily ration of 3.6 pounds of shelled corn, .45 pounds of 
cottonseed cake, 4.5 pounds of clover hay and 13.4 pounds of silage pro
duced an average daily gain of 1.12 pounds in Lot 1; 4.2 pounds of shelled 
corn and 8.9 pounds of clover hay produced an average daily gain of 
1.07 pounds in Lot II; 4.9 pounds of corn, .7 pounds cottonseed cake and 
7.8 pounds of timothy hay produced an average daily gain of 1.12 pounds 
in Lot III. 

In Lots IV, V, and VI calves were well maintained on a ration of 
5 pounds clover hay, 16.3 pounds of corn silage in Lot IV; 11.5 pounds 
of clover hay in Lot V; and 3 pounds of shelled corn, .37 pounds of cotton
seed cake and 10 pounds of timothy hay in Lot VI. 

The availability and acre yields of the corn plant and the high value 
of silage in growing beef cattle give the use of this feed great importance 
in profitable farming. 

In a well balanced ration a pound of clover hay replaced approxi
mately three pounds corn silage. 

Less than half a pound daily of cottonseed cake and two ounces 
of a simple and inexpensive mineral mixture added to a ration of timothy 
hay and corn produced very satisfactory results. 

Grades of Slaughter Cattle and Carcasses Yielded by Cattle Fatten
ed by Six Different Methods (E. A. Trowbridge, H. C. Moffett, M. T. 
Foster).-High grade, white faced calves fed as described in the project 

TABLE 18. GRADES OF SLAUGHTER CATTLE AND CARCASSES YIELDED FROM CATTLE 

Wintered Liberally Wintered Less Liberally 
Winter Gain 225 lbs. Winter Gain 175 lbs. 

Summer Management Summer Management 

Full fed Half full Grass alone Full fed Half full Grass alone 
168 days fed 56 days 56.days 168 days fed 56 days 56 days 

Full ted Full fed Full fed Full fed 
112 days 112 days 112 days 112 days 

Feeder Good Choice Good+ Good Good+ Good 
Cattle 78.04 82.14 81.04 77.05 78.54 77.37 

Slaughter Good Good+ Good+ Good Good Good 
Cattle 76.19 78.76 80.32 77.50 77.55 75.19 

Carcasses Good Good+ Good+ Good Good Good-
76.42 79.52 78.47 76.69 76.44 74.58 



" Fattening Yearling Steers" were grad ed as Feeder ca lves at the outse t; 
as slau ghter ca ttl e at the tim e of sa le; and t he carcasses were graded 
after hanging in t he coolers 2-1- hours. .<\ committee representing th e 
nation al projec t, "(.lli ality and Palatability of i\l eat" graded the cat tl e. 
Tabl e ?'Jo. 1 H shows th e grading. 

Fattening Yearling Steers (E. A. Trowhridge, l!. C. i\loffett).- Th e 
ellen:> of liberal allt l light wi nter ration s on econon)\', and rapidity of 
ga in du rin g th e feedin g period in the followin g summer we re studied . 
G rade Hereford alves hI' d by th e S. i\1. S. ran ch, weighing approxi 
mateh' -1-00 pOllnd s when received were used. Some of them were win ter
eel libera ll y and t he remainder on relati ve ly limited ration s. In th e 
fo ll owing summ er t hey were fed a grain ration of shell ed corn, 8 parts, 
c tton seed cake 1 part by weight. 

fig . U - Choicc fil t yea rl ings fed o n e~h a lf full feed of grai n through th e winter and fini . hcu un full £eeJ 
o f corn a nd blu egrnu pas ture. 

ach lot was divided into three equal groups. One lot from each 
group was fu ll fed on grass for 168 days. T he se ond group from each 
lot was one-half full ~ d for 56 days on pasture, then fu ll fed 11 2 days . 
T he third gr up was grazed 68 days wi thout grain, then fu ll fed 11 2 days. 

T he ca ttl e win tered liberally were fatter and la rge r than those win 
tered less liberall y . T he cattl e wintered less libera ll y gained approxi
mately 20 pounds more dLlring t he SLlmm er- feeding period than the ca ttl e 
wi ntered .In re liberall y . 
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Five to ten per cent greater economy of summer gain occurred in 
the lots which had been wintered less liberally. The fatness of the cattle 
was proportionate to the amount of grain fed. 

Fleshy yearlings which were grazed 56 days without grain gained 
56 pounds during the period. The thinner cattle made 20 per cent greater 
gains. Cattle wintered liberally were fat enough for market any time 
after 60 days full feeding on grass. The cattle wintered less liberally 
required 100 to 120 days to make good slaughter cattle. Cattle wintered 
on a scant ration and then grazed 56 days and full fed 112 days sold for 
slaughter cattle. However, to have secured the greatest profit from this 
class of cattle they should have been fed from 30 to 60 days longer. 
One hundred sixty-eight days of full feeding made creditably fat cattle 
of the yearlings that had been wintered on a roughness ration as well 
as those wintered more liberally. 

BOTANY DEPARTMENT 

H. W. RICKETT, Chairman 

Fusarial Plant Disease Studies. (1. T. Scott). Taxonomic, morpho
logical and physiological studies have been made of numerous species 
of the genus Fusarium parasitic on economic hosts in Missouri. Hydro
gen-ion relations, reaction to temperature in culture and pigment pro
duction furnished means of identifying the various species of this difficult 
genus in addition to the morphological and pathological characters 
usually employed. The species studied included F. lycopersici (tomato 
wilt), F. niveum (cucurbit wilts, F. moniliforme (corn root rot), F. 
vasinfectum (cotton wilt), F. conglutinans (cabbage yellows), F. dis
color (potato tuber rot), F. vasinfectum tracheiphilum (cowpea wilt), 
and unidentified species isolated from diseased corn, alfalfa, sweet 
clover, tomato, and wheat. 

The following hydrogen ion equilibrium points were obtained for 
the organisms given: Fusarium discolor, PH 5.3-5.5; F. niveum, PH 
6.4-6.5; F. vasinfectum, PH 5.5; F. conglutinans, PH 6.8-7.0. A minimum 
of growth measured as dry weight of mycelium produced was ob
tained at about PH 7.0 when F. conglutinans was grown in nutrient 
solutions of different initial PH values. This growth corresponded 
quite closely to the equilibrium point reached when washed mycelial 
mats of the' same fungus were placed in acidic or basic salt solutions. 
There was a definite correlation between growth of the fungus at dif
ferent hydrogen ion concentrations and the equilibrium points obtained 
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in salt solutions. There was a correlation between reaction and the 
toxicity of various dissociating topic agents as has been previously re
ported in studies with Fusarium lycopersici. 

Studies of the Genus Phytophthora (C. M. Tucker). The entire 
literature relating to the geographical distribution, hosts attacked, 
and type of disease prod~ced by the genus Phytophthora has been re
viewed. One hundred fifty isolations, representing most of the known 
species occurring on the more important hosts in various regions of the 
world, were used in the investigations. Detailed studies were made of the 
morphology and the cultural characteristics of all the isolations. Studies 
were also made of the comparative pathogenicity on numerous hosts. 
There was evid.ence of the existence of biological strains within some of 
the species. The ability of Phytophthoras in oatmeal agar cultures to 
survive exposure to winter temperatures in Missouri was determined by 
an inherent character of the protoplasm of particular species or strains. 
It was, apparently, not generally correlated with the development of 
reproductive bodies. In temperature studies with plate cultures over 
a temperature range from 5° to 37.5°C., it was found that different 
species varied widely, especially in their abilities to develop at the higher 
temperatures used. Different isolations of the same species behaved very 
similarly and indicated that the response to temperature was a specific 
character, and might be regarded as of taxonomic value. The most 
valuable characters for their identification in culture were the ability 
to grow on certain media, type of antheridium, character of the sporangia, 
temperature relations, and, in a few species, the development of certain 
types of reproductive organs, size of oospores and pathogenicity. About 
twenty species were maintained as valid after considerable combination. 
One new species, Phytophthora r:rechsleri was described. A key has 
been worked out for assistance in identifying the species. 

Flag Smut of Wheat. (1. T. Scott). In cooperation with the Office 
of Mycology and Disease Survey, United States Department of Agri
culture, an inspection of wheat fields in Warren, St. Charles, St. Louis, 
Platte, and Buchanan counties was made in May, 1930, to ascertain the 
distribution and prevalence of flag smut (caused by Urocystis tritici) 
in previously infested areas. The only seriously infected fields were 
found in St. Louis county. Flag smut was not spreading in Missouri. 
The practice of definite rotations and the growing of relatively smut 
resistant varieties of wheat was largely responsible for checking the 
spread of flag smut. 

Pythium Seedling Blight of Dent Corn. (1. T. Scott). Pythium 
arrhenomanes Drechsler, the causal organism of a seedling blight of 
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dent corn was isolated from diseased corn roots obtained from sections 
of Missouri where it had not been found previously. Seeds treated with 
organic mercury dust disinfectants gave decreased percentage of infec
tion when planted in Pythiurn infected soil under greenhouse conditions. 
Liquid seed treatments with similar disinfectants were not effective. 
Corrosive sublimate (1 :1000.) did not control the seedling blight in the 
greenhouse. Pythium arrhenomanes appeared to be much more virulent 
under greenhouse conditions when used alone in inoculating sterile soils 
than when used in conjunction with Fusm'ium moniliforme and Gibberella 
saubinetii. 

DAIRY HUSBANDRY 

A. C. RAGSDALE, Chairman 

The Inheritance of Body Weight in Relation to Milk Secretion in 
Dairy Cattle. (c. W. Turner). A study has been made of the progeny 
performance of Jersey sires in which both the yearly fat production and 
body weight of the daughters and their dams have been considered. The 
body weights of all cows were converted to their "matur~ equivalent" by 
means of weight convers.ion factors. , 

Jersey sires can cause significant changes in yearly fat production 
(either upward or downward) of their daughters as compared with their 
dams without causing a material increase or decrease in bo:!y weight. 

To determine the effect of the dams on the daughter's weight, the 
relation between the dams and daughters was determined. For each 
increase of 100 pounds in body weight of the dams there was an increase 
of about 16 pounds in the body weight of the daughters. 

The inheritance of body weight of Jersey cattle follows much the 
same plan as the inheritance of yearly fat production. 

The relation between the body weight and yearly fat production 
was also determined. There was apparently an increase of approximately 
20 pounds in yearly fat production for each 100 pounds increase in body 
weigh t above 342.3 pounds. 

The increased feed cost of maintenance of 100 pounds of body 
weight as compared to the feed cost of 20 pounds of fat indicated that 
the greater production of large cows at best only slightly exceeded the 
cost of obtaining the additional product. Therefore, the sires whose 
daughters were above the average for the breed in fat production with
out exceeding the average in body weight were especially desirable. 



PROGRESS IN AGRICULTURAL RESEARCH 59 

The Individuality o~ the Four Quarters of the Cow's Udder. (c. W. 
Turner). Using a specially designed milking machine which kept the 
production of milk from each quarter separate, groups of cows have 
been milked for a period of one week (3 times per day) each fourth week 
during the lactation period. Composite samples of each milking for each 
quarter were taken and tested weekly. Thirty-five cows have been 
milked with this machine. Eleven of these have been run for a second 
lactation. Therefore, forty-six records have been completed. 

Approximately 20 per cent of the total yield was produced by each 
of the fore quarters and 30 per cent by each of the rear quarters. 'The 
yield' of the right and left halves was practically equal. In 10 cases out 
of 46 the fron t half exceeded the rear half. 

In 11 cases two lactation periods were compared. In individual 
cases considerable variability was found. Thus one lactation period test 
was not necessarily a good indication of the next lactation's production 
by quarters. 

The rate of decline of milk secretion in each quarter has been 
carefully considered. If the control of persistency is hormonal in nature, 
it would be expected that the four quarters would, under a common 
stimulus, decline at a uniform rate, whereas if persistency were influ
enced by the anatomy of the cistern and duct system each quarter might 
have a different rate of decline. 

In most cases the persistency of secretion was quite uniform. In 
some cases there was considerable differences in the relative rate of 
secretion. 

A Comparison of the Blood Sugar Content of the Jugular and 
Mammary Vein as a Measure of Mammary Gland Activity. (C. W. Turn
er, Harry Herman). The elaboration of milk by the mammary gland is at 
the expense of the chief nutrient medium of the body, the blood. The 
differences in the composition of the blood of the jugular vein, and that 
of the mammary vein gave sufficient evidence that the precursors of 
milk were removed from the blood stream. A lowering of the blood 
phosphaticrs, amino acids, and a reduced sugar content indicated their 
removal by the mammary gland in the formation of the three consti
tuents of milk. The blood sugar content was lowered nearly twenty-five 
per cent. The blood sugar levels of the jugular and mammary vein in 
lactating and non-lactating cows were compared. 

In lactating cows it was found that the sugar content of the jugular 
vein was approximately 52 mg, of sugar per 100 c.c. whole blood. On 
these same animals the mammary vein contained about 35-40 mg. of 
sugar per 100 c.c. whole blood. 
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A comparison of, sugar levels in non-lactating cows showed little 
. or no difference. 

As a rule there seemed to be a greater variation between the jugular 
and mammary blood sugar of high producing than low producing cows. 
The normal blood sugar values in the jugular vein did not seem to 
vary, which indicated that this level was being maintained by absorption 
from the digestive tract and a release of sugar by the liver. The blood 
sugar levels of the jugular and mammary vein tended to approach a 
common level once the udder was filled~ wi th milk and secretion tem
porarily halted. Increasing and maintaining abnormal udder pressure 
by pumping air into the udder or by not milking for 24 hours gave a rise 
in both jugular and mammary blood sugar. Analyses showed most of 
this rise to be due to lactose absorbed from the udder. 

The Normal Blood Sugar Values of Dairy Cattle. (C. W. Turner, 
Harry Herman). Over 150 samples of blood were drawn from the 
jugular veins of about 75 animals of different ages, stages of lactation, 
and producing ability. The blood sugar level of normal lactating cows 
was about 52 mg. per 100 C.c. of blood. Non-lactating cows were found to 
have a higher blood sugar value, ranging from 60-75 mg. of sugar per 100 
C.c. of blood. The blood sugar levels of bulls and open heifers was from 
60-85 mg. per 100 C.c. of blood, or an average of 72 mg. per 100 c.c. 
The Shaeffer-Hartman method was employed in making all sugar 
analyses. 

The Calcium Content of Blood in Dairy Cows. (C. W. Turner, 
Harry Herman). One of the latest .theories is that a lowering of the level 
of the blood calcium causes milk fever. The calcium content was de
termined on 150 samples of blood from dairy cows. The normal calcium 
content of such animals was found to be 5.95-6.50 mg. calcium per 100 
C.c. of whole blood. Further studies have shown this range to be from 
9-11 mg. calcium per 100 C.c. of serum. Since the serum calcium deter
mination gave closer checks they <lre now being used entirely in this 
study. 

There were few or no diurnal variations in blood calcium as was 
shown by analyses of samples drawn from four lactating cows at two
hour intervals for a 24-hour period. 

The blood calcium of bulls and non-pregnan t heifers was fbulld to be 
from 10-11 mg. per 100 C.c. of blood serum. Cows in high milk produc
tion must supply large quantities of calcium and phosphorus necessary 
for the formation of the mineral matter of milk. A comparison of the 
serum calcium of blood from the jugular and mammary vein showed a 
common level of about 10 mg. per 100 c.c. serum for 20 cows. This 
indicated that the calcium removed from the blood stream by the mam
mary gland was too small to be measured by ordinary methods. 
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Cakium levels following parturition have been studied. Disturban
ces of the blood calcium apparently took place from 6 to 36 hours after 
calving. There was a lowering of 10-25 per cent in three cases, and in 
the fourth case there was a slight rise of nearly ten per cent. Efforts 
to raise the calcium level of the blood by feeding calcium-gluconate, 
steamed bone meal and irradiated yeast have been attempted. No long 
sustained or distinct rises have occurred except in the feeding of irradiated 
yeast to one cow in which a ten per cent rise occurred. Ingestion of 200-
500 grams Ca-gluconate by drench gave a temporary but pronounced 
rise of nearly 15 per cent. The limited number of trials along this line 
would render the data rather questionable. 

The analyses of blood samples from two cows affected with milk 
fever have shown the serum calcium to be lowered from 15-20 per cent 
in each instance. 

The Effect of the Estrus Producing Hormone on the Growth of the 
Mammary Gland. (C. W. Turner, A. H. Frank). In the normal rabbit 
after continued' estrus, the mammary glands show extreme extension of 
the duct systems resembling the naked branches of a tree. If pregnancy 
or even pseudo-pregnancy now ensues, the ducts develop lobules con· 
taining large numbers of alveoli, resembling the budding of leaves from 
the smaller branches. These two types of growth can be distinguished 
macroscopically. 

The daily injection of 20 rat units of the estrus producing hormone 
recovered from a pregnant cow's urine for 30 days in male castrate 
rabbits and in female rabbits castrated previously to puberty caused the 
growth of the duct system of the glands equal to that produced during 
continued estrus in the normal female. A slight milk secretion resulted 
in these cases. The injection of greatly increased amounts of the hor
mone did not carry the development beyond this stage. 

The estrus producing hormone will therefore cause the growth of the 
ducts equal to that produced during estrus. The rate of development 
was not hastened by increasi12g the dosage. No hormones were present 
in the oils used that would produce the type of growth characteristic of 
pregnancy. 

The Relation Between the Estrus Producing Hormone and a Corpus 
Luteum. Extract on the Growth of the Mammary Gland. (C. W. Turner, 
A. H. Frank). A crude extract of the corpora lutea of the sow was used 
for the injections into casJ;rate male and female rabbits for varying peri
ods of time. These showed neither additional growth of the ducts nor the 
pregnant type of development of the lobules. 

The simultaneous injection of the corpus luteum extract and the 
estrus producing hormone were then made in both castrate males and 
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females. The mammary glands removed at lO-day intervals during a 
period of 30 days showed increasing development of both ducts and 
lobules strikingly similar to that produced during pregnancy. 

It should be noted that lactation was not produced in these ani
mals. 

The Estrus Producing Hormone in the Urine of Cattle During 
Pregnancy. (C. \Y. Turner, A. H. Frank, C. H. Lomas). It has been 
found that during the early period of pregnancy in cattle the rate of 
secretion of the estrus producing hormone is low and that the level in
creased with the advance of gestation. It has also been observed that 
at the same stage of gestation great variation occurred in individual 
cows. 

The rate of secretion of the estrus producing hormone in the same 
cows during pregnancy has therefore been traced. An analysis was be
gun at the time of breeding and continued at regular intervals up to 
parturition. 

A comparison of beef cattle and dairy cattle has been made as to 
the rate and total secretion of the hormone at various stages of preg
nancy. 

Over 215 samples of urine [i'om dairy cattle and 59 samples from 
beef cattle have been biologically assayed for their hormone content. 
Little difference in the rate of secretion of the hormone by Holstein and 
Jersey cattle occurred. However, dairy cattle have shown a very notice
ably higher level of secretion of the hormone after 100 days of gestation. 

Fetal Development of the Mammary Glands in Cattle. (c. w· 
Turner). A detailed report of the embryonic development of the mam
mary gland of cattle has been prepared for publication. 

Growth Investigations. (A. C. Ragsdale, Samuel Brody, W. C. 
Hall, U. S. Ashworth). Birth weights and measurements in five linear 
dimensions, daily weights f6r 10 days, weekly weights until two months 
of age and monthly weights and measurements thereafter, complete 
feed consumption records after the calves have been taken from their 
dams at three days of age, with refused feed weighed back and samples 
of all feed taken for analyses have been started on 33 calves of both sexes 
and of the Jersey, Holstein, Guernsey and Ayrshire breeds. Similar 
records have been continued on 55 females of these same breeds which 
were started prior to this year. The estimated feed equivalent in terms 
of dry matter, crude protein and net energy has been computed with the 
actual energy expended by each animal at rest (lying) as determined by 
metabolism measurements 12 hours after feeding. 

The energy metabolism has been measured by measuring the rate 
of oxygen consumption from oxygen spirometers using a mask to connect 
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the respiratory system of the animal with the spirometers. The nitrogen 
metabolism has been measured by collecting the urine and analyzing for 
its various nitrogeneous constituents (for total N, urea N, creatinine N, 
creatine N). 

The data for energy and nitrogen metabolism for the first year of 
postnatal life for about 40 dairy calves have been collected. Also data are 
available f6r seven beef calves, six colts, fifteen pigs, eight lambs, and 
sixty chickens. Two of the calves and three of the colts were "half-fed". 
Steers, males and females were included in the group. Chickens were 
grouped into normal males, castrated males, normal females and spayed 
females. 

The energy metabolism of the half-fed animals was about 25 per cent 
below the normal animals; while those on a very high plane of nutrition 
had a metabolism some 20 per cent above the normal animals. 

Fasting resulted in a progressive decrease in energy metabolism. 
The energy metabolism fell 40 per cent from the initial value after fasting 
48 hours. The decline was very rapid at first, then gradually slowed down 
so that between 48 alld 72 hours ot fast the decline was insignificant. 

Although the energy wastage increased with the increase in food 
intake, the larger the food intake the less the heat wastage per unit gain 
in weight in young animals. Thus the greater the feed intake the more 
efficient the gain. 

During the first week the heat production was 1000 calories per 
square meter. This increased with increasing age so that at the age of four 
months the metabolism 12 hours after feeding was about 1800 calories 
per square meter. Seventy hours after feeding it was about 1400 calories 
per square meter. In pigs, the metabolism declined ftom about 1400 
calories 12 hours after feeding to 900 calories per square meter 30 hours 
after feeding. In lambs, it dropped to about 1100 calories 40 hours after 
feeding. In standing colts, it dropped to 1600 calories per square meter 
40 hours after feeding. 

Up to 120 kilograms, the metabolism per uni t area was greater in 
females than in males. Above this weight, the metabolism per unit 
area was greater in males than in females. Oestrum did not result in 
appreciable increase in metabolism. 

The ul,"ea plus ammonia nitrogen in dairy calves fed "normally" 
was 82 per cent of the total nitrogen. The creatinine nitrogen was about 
10 per cent of the total nitrogen, and the creatine nitrogen was almost 
as much as creatinine. 

The urinary nitrogen excreted by "normally" fed dairy calves was 
about 0.3 grams per kilogram body weight. This was ten times the 
amount excreted on a nitrogen-free ration. About . 20 milligrams of 
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creatinine were excreted for one kilogram body weight. Creatinine 
excretion increased faster than the energy metabolism with increasing 
body weight, so that at body weight of 40 kilograms, four calories of heat 
were produced to one mg. of creatinine, while at body weight of 400 
kilograms, one calorie was produced to one mg. creatinine. 

Methods for Evaluating and Proving Sires. (Warren Gifford). 
In order to determine the smallest number of tested daughters a sire 
should have in order to predict with considerable accuracy the pro
duction of the future daughters, the records of 112 Holstein-Friesian 
sires with 20 · or more tested daughters were studied. The average 
records of two daughters and each consecutive daughter tested were 
determined. The relationships between the averages of the largest 
group of daughters were compared with each of the smaller groups. 
This study i'ndicated that the sire should have ten or more daughters 
with yearly records in order to predict the average records of sixteen 
or more future daughters with a reasonable amount of accuracy. 

In order to find the best method to evaluate breeding sires, 23 
Holsteim-Friesian sires and 20 Guernsey sires have been studied, de
termining for each sire the index number that Yapp, Goodale, Wright, 
Graves, Pearl and Gowen, Turner and others have suggested. Each of 
these sires had 20 or more dam and daughter pairs. After the various 
indexes had been determined the d~ms with which each bull had been 
mated were divided into three groups as follows: low prdducers, medium 
producers, and high producers. The dam and daughter pairs for each 
group were used to determine the bull's index when mated with this 
particular group and the variations in pounds of fat from the original 
index were calculated. 

It was found that the average of the sire's daughters, without 
considering the dams production, more nearly predicted the average 
of all of the groups than did any of the propose:i indexes. 

Analyses of Progeny Performance of Guernsey Sires and Dams. 
(Warren Gifford.) The study of the Advanced Register records of 
Guernsey sires and dams has been continued in order to locate the more 
outstanding sires and dams in the breed. The records of 300 sires with 
five or more tested daughters and 75 dams with four or more daughters 
with yearly records have been compiled and added to the previous lists. 

Production Records of Show Ring Cattle. (Warren Gifford). Pro
duction records for all animals in the Guernsey and Jersey breeds which 
have received awards at the National Dairy Show since 1910 have been 
compiled. The records of 497 female Guernseys that have been studied 
to date have indicated that there was not a significant relationship be
tween the show ring placings and the yearly bu~terfat records. 
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No consistent difference in time required to whip was found be
tween the cream separated at temperatures above 75°F. Cream sep
arated at 75°F. or below whipped slower than cream separated at higher 
temperatures. Drainage at 40°F. was the greatest from the cream sep
arated at the higher temperatures; below 125°F. temperature of sep
aration had no markJed effect on drainage. Drainage at room tempera
ture was not affected by the temperature of separation. 

The cream separated at the intermediate temperatures showed no 
noticeable difference in firmness of the whipped cream. However, 
cream separated at 135° and 145°F. yielded a softer whipped product 
and cream separated at 65° and 55°F. yielded a firmer whipped product 
than the cream separated at the intermediate temperatures. 

The results showed that the temperature at which the cream 
was separated had no effect upon the body score of the butter after 
holding in storage at 35°F. for periods of 14 and 42 days. Very slight 
differences in the churning operations caused greater variations in body 
score than separation temperature. 

Cream plug formation increased as the temperature of separation 
and agitation decreased, but was most pronounced when the temperature 
decreased below 115°F. 

Some Factors Influencing the Properties of Whipped Cream with 
Special Reference to Gelatin. (W. H. E. Reid, J. B. McCroskey). A 
cream containing thirty-two per cent fat produced a desirable whipped 
<:ream. 

A whipped cream of improved quality was obtained by the addition 
of six-tenths of one per cent gelatin. 

Gelatin was added by pasteurization at 142 degrees Fahrenheit 
(61.1 degrees Centigrade) or by heating to 120 degrees Fahrenheit 
(48.8 degrees Centigrade) for ten minutes. Either method gave good 
results. 

Gelatin increased the whipping time, decreased overrun, retarded 
drainage, did not affect the flavor of the cream, and produced a body 
ha ving a water y luster or appearance. 

Skimmilk powder tended to decrease the overrun; had little effect 
on drainage; produced a stiff, fluffy body; and imparted a slightly cooked 
milk powder flavor. 

Pastuerization of cream was harmful to the whipping properties. 
However, an untreated pasteurized cream which has aged 24 hours 
will produce a good whipped cream. 

The addition of agar to a whipped cream was found to be undesir
able. 
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Some Factors Affecting the Physical Properties of Cream Cheese, 
with Special Reference to Gelatin. (W. H. E. Reid, M. N. Cowser). A 
cream cheese containing a fat content of :15 per cent gave the most 
desirable properties, when combined with five per cent skimmilk powder 
and one per cent gelatin. 

Skimmilk powder improved the body and texture of cream cheese, 
when the content did not exceed eight per cent of the total weight. 

A gelatin content of 0.5 to one per cent by weight improved 
the body of a cream cheese, making it stiffer, firmer, and smoother. 
Gelatin improved the texture of a cream cheese, making it closer and 
finer. 

The best consistency, texture, flavor, slicing, and spreading proper
ties of a cream cheese containing but 30 per cent fat were secured when 
six per cent skimmilk powder and one per cent gelatin were used. 

A fat content, of at least 27 per cent by weight, was necessary to 
furnish the desirable flavor and appearance of a cream cheese, while 
gelatin and serum solids were added to furnish body and substance and 
retain the serum in the cheese. 

Freezing a cream cheese was detrimental, as the freezing action 
resulted in a broken body of a churned-like condition, which tended to 
exude whey. The flavor of the cheese was also impaired, as it became 
buttery, oily, and. rancid. 

The skimmilk powder content tended to prevent surface extortion 
of frozen cream cheese to a greater degree than did the gelatin content. 

The fat content, when used in suitable combination with gelatin 
and skimmilk powder, regulated the amount of free whey drainage to a 
greater degree than did either the gelatin or skimmilk powder content. 

The Deodorization of Cream for Butter Manufacture. (W. H. E. 
Reid, J. D. Rinehart). Studies were made of the effect of the following 
factors upon cream a.nd the resultant butter when five different de
odorizers were used: the addition of a deodorizer to cream at different 
temperatures; the acidity of the cream when a deodorizer was added 
at different temperatures the bacterial, yeast, and mold counts of cream 
and the resultant butter when the cream was deodorized at different 
temperatures; the addition of a deodorizer to cream before or after 
standardi'Zing the lactic acid; the acidity of the cream when a deodorizer 
was added before or subsequent to standardizing the lactic acid; the 
bacterial, yeast, and mold counts of cream and the resultant butter 
when the cream was deodorized before or after standardizing the lactic 
acid. 

The intensity of the off-flavor present in the original cream de
termined the success of improving the flavor score of butter by the use of 
a deodorizer. 



68 MISSOURI AGRICULTURAL EXPERIMENT STATION BULLETIN 300 

Most of the deodorizers studied were successful in removing the off
flavor of the cream, but a chemical flavor resulted in certain cases which 
was considered objectionable. 

All of the deodorizing temperatures studied were satisfactory. 
A temperature of 80-90 degrees Fahrenheit seemed most satisfactory. 
There was slight advantage in favor of adding a deodorizer to cream 
before standardizing the acid. 

Deodorizer "A" increased slightly the acidity of th~.cream. De
odorizer "C" had no effect upon the acidity. "B", "D", and "E" re
duced the acidi ty. 

All of the deodorizers studied showed practically the same germicidal 
properties. 

Only volatile flavors or flavors volatilizable by the application of heat 
responded to the treatment of chemical deodorizers. Off-flavors due to 
bacterial contamination or fermentation were only partially covered by 
treatment with chemical deodorizers. 

ENTOMOLOGY 

L. HASEMAN, Chairman 

Investigations with the Codling Moth (L. Haseman, George D. Jones, 
Paul H. Johnson, Lee Jenkins, Charles H. Bowen).-Experiments with 
the Codling Moth were carried on at Aurora, in the Lehnhard 
Orchard; and at St. Joseph, in the Kelsey Orchard. Life his
tory studies also were carried on at Waverly. In the Lehnhard 
Orchard ten one-acre plots of J onathans were used. Since the 1929 
season was very rainy, both diseases and apple worms were abundant 
in the experimental plots. A mid-summer hail practically ruined the 
crop and made the later· sprays less effective. Two plots were sprayed 
at ten-day intervals without regard to the date of first brood moth emer
gence. After July 1, the summer sprays were timed by moth emer
gence. On account of the hail and wet season, the worms were not satis
factorily controlled on any plot. The plots receiving two less sprays, but 
timed according to moth emergence, gave practically the same results 
as those sprayed at ten-day intervals, without regard to moth emergence. 
At St. Joseph in the Kelsey Orchards nine plots of Stamen Winesaps, 
Winesaps, and Ben Davis were used. Due to the season little or no fruit 
was available and the records are therefore of little importance. 

Carposina Investigations (L. Haseman, George D. J ones).-The 
new apple worm att~acting attention at Waverly has been carried through 
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its yearly cycle and has been identified by the Federal specialist on the 
micro-Lepidoptera as Carposinajernaldana. It has been found from New 
York to Missouri, but never on apples before. It breeds and feeds habitu
ally in the common red haw in Missouri. The moths emerge outdoors 
about the first of July. The larvae continue to work in apples and haws 
until the middle or last of November, wintering as the caterpillar, in a 
spherical cocoon covered with sod or soil about one-half inch below the 
surface of the ground. Before pupating the caterpillar reopens its cocoon 
and changes it from a spherical to an oblong cocoon on the surface of 
the soil. It then pupates and later emerges as a small moth of a grayish 
color with lighter markings. While it has caused some anxiety in the 
Waverly area, it is doubtful if it will become a serious pest where modern 
orchard management is practiced. 

The Life Cycle of the Coddling Moth (L. Haseman, George D . 
.T ones)-At Columbia, Waverly, and St. J.oseph careful breeding work has 
been carried on. Distinct peaks of three broods of moths were observed 
for each place. The first broods emerged late, but the hot, dry summer 
made possible an unprecedented abundance of later moths. The first or 
spring brood of moths appeared in two well developed peaks, the first 
coming the first week in June, the second during the last week in June. 
The second brood also appeared in two peaks, the first about July 15 
and the second about the twenty-fifth of July. The third brood appeared 
as a heavy brood beginning in great numbers about August 15 and con
tinuing to emerge in great numbers until September 1. 

Bait Traps for Codling Moths (L. Haseman, George D. Jones).-The 
breeding cage record was su pplemen ted by the use of three types of bai t 
tr.aps for trapping moths in the orchard. Traps were kept filled with a 
ferment which attracted the adult codling moths. Each night, when 
moths were emerging, large numbers were caught in these containers of 
ferment. It seems from the number of moths caught that the bait traps 
should prove a valuable aid in worm control, if the moths were actually 
caught before they lay their supply of eggs. The peak of bait trap catch 
occurredabout one week following the peak of moth emergence, as shown 
by baiting records. 

Codling Moth Tree Bands (L. Haseman, George D. Jones, Paul H. 
J ohnson.)-Three types of tree bands were used: burlap, tar paper, and 
corrugated paper. Corrugated bands treated with a mixture ofbeta naph
thol and engine oil were also used for investigating their value for killing 
the apple worms after leaving the fruit and forming their cocoons. With 
the dry, hot summer an unusually high kill was secured with treated bands. 
In all the orchards where they were tested the average kill ran around 
86 per cent of the cocooned worms. Pine tar sprays for spraying on apple 
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tree trunks early in the spring proved non-effective in killing worms at 

Columbia. 

Hessian-fiy-resistant Qualities of Different Varieties of Wheat (L. 
Haseman, P. H. Johnson).-The recurrence of the Hessian fly in consider
able numbers at Columbia has made it possible to contiunue this project, 
which has been inactive for several years, on account of the absence of 
flies. Four plantings were made in the greenhouse and several varieties 
were treated outdoors in row tests. Of the more widely used Missouri 
strains of wheat, Fulcaster and some selections of Michigan Wonder 
have shown least infestation. One unusual thing in the investigation 
was the apparent loss of earlier evidence of immunity by the Illinois 

Chief strain, both in the greenhouse and in the field tests .. The fly larva 
and its method of taking food ·has been studied. 

The Use of Dusts for the Control of Apple Insects (L. Haseman, Paul 

H. Johnson).-Earlier experiments have shown that, considering cost 
and number of applications, dusting under Missouri conditions could 
be recommended only as a supplement to spraying. Under unfavorable 

weather conditions the rapidity with which one can get over the orchard 
with dusts is a decided advantage. Also the possibility of keeping down 
the spray residue by dusting late in the summer has been worth consider
ing. One plot including copper-lime-arsenate of lead dust, one including 
sulphur-arsenate of lead dust, one receiving the regular liquid spray, and 
a check receiving no treatment were used in the Riverview Orchards at 
McBaine, Missouri. The dusted plots received the same number of ap
plications, namely, the calyx and five cover sprays. The dusted plots 
received double treatment with each application, being dusted with the 
wind from one side of the tree and when the wind shifted dusted from the 
opposite side. Table No. 19 shows the results. 

TABLE 19. COMPARISON OF DUSTING AND SPRAYING ApPLES. 

Treatment % Curculio Stings % Caly~ worms % Side worms 

Sulphur Dust 56.8 1. 6 18.9 
Copper Dust 52.7 5. 2 20.3 
LiqUId Sprays 68.4 .72 15.8 
Unsprayed 81.8 31. 5 45 .5 
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The liquid sprays gave better control of the apple worms than the 
dusts. However, the dusts gave better control of the plum curculio. 

Insect Pests of Melon and Related Crops (L. Haseman, P. H. J ohn
son).-Special attention has been given to the striped cucumber beetle. In 
cooperation with the Department of Horticulture, every available com
mercial brand of fluosilicate and synthetic fluosilicate or cryolite has been 
used. Both their insecticidal value against striped cucumber beetles and 
the possible burning of foliage have been determined, No burning result
ed under dry conditions of early summer. Two plots treated with arseni
cals were compared with the fluosilicates. One of these included one 
pound of calcium arsenate to 15 pounds of gypsum; and the other one 
pound of arsenate of lead to ten pounds of hydrate lime. Prior to July 1 
very few beetles appeared and no beetle injury resulted. Beetles appeared 
later in great numbers but did no serious damage. Under dry conditions 
the brands of fluosilicate used did not burn the cucurbits, including squash 
cucumber, pumpkin, and cantaloupe. An effort has been made to deter
mine the overwintering habits of the striped cucumber beetle. Exami
nations of soil, litter, and other likely shelters failed to disclose the win
ter harbors. In early spring potted cucumber plants as bait were scat
tered at different places where it was thought the bugs might be winter
ing. It was impossible to locate their winter homes by this means. 

The I!-ecurrence of Insect Pests as E:courges (L. Haseman).-This 
year has been particularly favorable for observations on effects of weather 
on insect population. The low temperatures of the winter 1929-30 were 
unusual for the state. Counts have been made on winter mortality of 
apple worms, San Jose scale, and pine leaf scale. In the case of the cod
ling moth from 90 to 100 per cent of the worms above the snow line were 
killed in some orcqards. Following such orchards through the spring 
and summer, however, has shown that in spite of the high winter mor
tality, this pest was able to build up to scourge proportions where spray
ing work was not properly done. The high winter mortality of the San 
Jose scale apparently gave this pest a permanent setback. There has been 
no appreciable increase since spring opened. The unusual scarcity of 
rainfall and accompanying high temperatures also was detrimental to 
insect population. 

The Effect of Food on Insect Multiplication (L. Haseman).-Green
house species of plant lice were used to' determine the rate of multipli
cation as affected by the chemical composition of solutions in which plant 
cuttings were grown. No outstanding results were secured. 
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FIELD CROPS 

W. C. ETHERIDGE, Chairman 

Wheat Breeding. (W. R. Tascher). Six varieties of wheat have been 
used as standards and have been tested for a period of ten years. Kes
singer (WI05) has yielded 22.5 bushels per acre on an average. The 
poore'st, Michigan Wonder (W29) yielded 20.0 bushels per acre. The 
five highest yielding wheat varieties of a group of 48 in the nursery 
plot tests were: 

Variety 
W298 Fulcaster (Walther strain) 
W1764 Early Harvest 4852 
W859 Poole B3 
W1796 Red Cross Selection 
W314 Fulhio 

Bu. per acre 

29.8 
29.6 
29.3 
28.5 
28.3 

Owing to the season the scab infection was the worst in years with a 
percentage of infection as high as 20. Certain varieties were consistently 
resistant. 

About 300 pure line selections of Harvest Queen hav,e been kept 
while the remainder have been discarded. The winter hardiness, stiff 
straw and quality of the improvement of this variety was of special 
interest. 

One hundred and twenty-two Fulcaster pure lines gave" yields of 
from 10.2 to 36.7 bushels per acre. The five low yielding and the five 
high yielding strains have been selected for a study of the inheritance of 
yielding capacity. The five highest yielding strains have been planted for 
increase and observation in drill widths. 

Sixty pure lines of May wheat have been tested with yields ranging 
from 17.1 to 31.0 bushels per aCre. There was less va~iability in yielding 
capacity than the Fulcaster pure lines. Six high yielding lin'es were 
selected for increase and further observation. . 

Several crosses have been made between the leading varieties and 
strains for the purpose of combining certain desirable characteristics. 
The progeny of these crosses were grown in the greenhouse. 

Sixteen varieties and strains of special merit were tested in drill 
width plots on eight different fields. Winter killing was severe at Shelby
ville. Michigan Wonder No.8 was the highest yielding variety. 

Induced Gene Mutation in Com by Use of X-rays. (L. J. Stadler, 
R. T. Kirkpatrick, W. R. Tascher). Mutation was induced in corn by 
methods similar to those previouslJ described for barley. Treatment 
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of the mature seed resulted in the segregation of mutant characters in 
the second following genera tion, instead of in the first generatioll progeny 
as in barley. . 

An extensive series of treatments to induce gene mutation was ap
plied to young embryos within 24 hours afte~ fertilization. About 1800 
plants grown from seed thus treated were self-pollinated. In the following 
generation both the induced mutations and the chromosome markers 
segregated. Linkage relations were thus roughly indicated in the gen
eration in which the mutant characters first appeared. 

About 30 induced mutations for seedling characters were found, 
with their indicated linkage relations. The rate of mutation for seedling 
characters were nearly 5 per cent with the heaviest treatment. 

Gene mutations were induced similarly by X-ray treatment of 
mature seed (germinating or dorman t), of pollen, or of young ear shoots, 
or tassels. 

Effect of X-rays on the Freauency of Mosaic Endosperm. (L. J. 
Stadler, R. T. Kirkpatrick, W. R. Tascher). The frequency of mosaic 
endosperm was increased about 20-fold by moderate irradiation, and 
more than 40-fold by heavier treatments approaching the lethal limit. 
Mosaic endosperms showed" aberrant behavior of two unlinked chromo
some sections in the same cell division. The two chromosome sections 
might have been deficient in the same sector of the endosperm or in 
complimentary sectors. The ftequency of such cases was probably 
no greater than would occur from chance coincidence. 

The proportion of losses of C without Wx was approximately the 
same as in untreated material. The loss of TFx without C could not be 
detected with certainty, but by the use ·of I to mark the C locus it was 
found that such cases occurred very rarely, if at all. This indicated that 
certain positions on the chromosome (possibly unattached ends) were 
more expo$ed to loss than others. . Differences in frequency of loss 
characteristic of certain loci might, therefore, be due to difference in 
position on the chromosome rather than to difference in frequency of 
loss of differen t chromosomes. 

Partial Sterility Due to Use of X-rays. (L. J. Stadler, R. T. Kirk
patrick, W. R. Tascher). Many of the plants X-rayed during early 
embryogeny produced pollen about 50 per cent aborted, although the 
plant itself was normal in vigor of growth and in external appearance. 
The aborted pollen was practically empty in most .cases, but in some, 
similar segregations of partly developed pollen of various types were 
found. In some cases the proportion of defective pollen was 75 per cent 
or more. 
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In most plants, corresponding partial sterility also occurred among 
the female gametes. 

The proportion of partially sterile plants increased with increasing 
dosage, and exceeded 30 per cent in many cases of heavy treatment. 
Treatments applied in later embryogeny or to the mature seed produced 
partially sterile sectors in otherwise normal tassels. 

Among the progeny of the partially sterile plants, about 50 per 
cent were partiaUy sterile. 

Chromosomal Deficiency Caused by X-rays. (L. J. Stadler, R. T. 
Kirkpatrick, W. R. Tascher). Distinctly defective plants of much re
duced vigor were found among those treated during early embryogeny. 
There were several distinct types. All which reached the flowering stage 
produced partially defective pollen. Under exceptionally favorable 
growing conditions a few seeds were produced. 

When the treated embryos were heterozygous for certain plant 
characters some of the defective plants showed the recessive character. 
When the treatment was delayed until five days after fertilization 
chimeras were produced in which the recessive character appeared in 
several broad sectors, together comprising one-fourth to one-half of the 
entire plant. Tillers of plants treated at this stage were sectorial like 
themain stalk. 

Later treatments produced smaller sectors. Treatments applied 
14 days after fertilization produced sectors not much larger than those 
resulting from treatment of the mature seed. 

The frequency ofloss of different genes for plant characters differed 
very widely. Those most frequently lost were Band G. No losses of Lg 
were found. 

The defective plants were thought to be due to chromosomal or 
sectional deficiency, resulting from a loss in the embryo corresponding 
to that producing mosaics in the endosperm. 

Effect of X-ray Treatment of Germ. Cells. (L. J. Stadler, R. T. 
Kirkpatrick, W. R. Tascher). X-rayed pollen applied to untreated 
normal ears produced many defective seeds. The frequency of occur
rence increased with dosage, and more than in direct proportion. 

Plants grown from the viable seeds included partially steriles and 
defectives similar to those produced by irradiation of the embryo. The 
proportion thus affected was about the same in full-size seeds and d",arfed 
seeds. 

When treated pollen carried dominant genes for endosperm char
acters which were recessive in the female parent, the loss of these genes 
was shown by the appearance of the recessive characters in the seeds 
produced. The frequency ofloss of different loci was consistently different 
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but these variations did not parallel those of the same loci in mosaic 
endosperms. 

The freq).lency of loss of each locus was directly proportional to 
dosage. Under heavy dosage in some cases it exceeded 5 per cent. 
Genetically deficient seeds were more numerous than the distinctly 
detective seeds mentioned above. 

Genes for plant characters were lost similarly. In suitable matings 
plants were produced in which the absence of a certain chromosome or 
section was indicated by the appearance of a recessive character. 

The genetic results showed that chromosomally deficient gametes, 
functioned in numerous cases, and that chromosomally deficient progeny 
had been produced. Mature pollen contained three nuclei which were 
independently affected by the treatment. Treatments applied to the 
tassel during the maturation period resulted in the production of aborted 
pollen, and produced no defectiv:e seeds or defec.tive progeny. The de
fects produced by treatment affected the pollen grain as a whole and 
eliminated it altogether. 

Com Breeding. (L. J. Stadler, R. T. Kirkpatrick, W. R. Tascher). 
On account of continued spring rains the breeding corn field could not be 
planted until after June 2'0 After this date the season was one of the 
driest on record. Most of the inbred strains were maintained, but the 
regular crossing program could not be followed. On the outlying fields 
seasonal conditions were more favorable, though planting was late in all 
cases. 

A total of 425 inbred strains was grown, including 36 advanced 
inbreds secured in 1928 from other stations. Many lines which had been 
consistently good in normal seasons were mediocre. The best lines were, 
in general, strains of undistiJ;lguished record in previous seasons. 

A series of inbred strains for late planting conditions was begun in 
. 1927 by selection of plants in a late planting of early maturing stocks. 

These were continued under the extremely late planting conditions of 
1929, and third generation se~fs are now available. 

In all, only about 16100 ears were self-pollinated, of which about 700 
were selected at harvest. Many of the lines grown will be con tinued from 
seed of previous years. 

The hand-pollinated crossing plot included 120 strains in the 4th 
to 11 th generation of selfing. The full series of crosses planned was not 
made on account of unfavorable weather conditions. About 350 crosses 
were made. 

Double-cross hybrid seed was produced in two detasseling fields. 
The pollen stock was Gigas x Reid 681. On the other detasseling field, 
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located at Platte City, early-maturing double-cross hybrids were pro
duced, the pollen stock being Reid 668 X Holbert's Strain B. 

The principal criterion in the selection of inbred strains was the 
behavior of their hybrids in observation plots. All strains not eliminated 
because of defects as inbreds were crossed with each of five tester strains , 
and the Fl hybrids thus produced were grown in observation plots at 
Columbia and several outlying points. Seven strains have been tenta
tively selected as possible testers. These are Holbert's strains A, B, and 
L, Indiana 33-16, and Missouri Reid 681, Boone 661, and Gigas. 

At Columbia, St. Charles, Wright City, Sedalia, and Oregon, about 
300 first generation crosses have been grown. The plot at Columbia was 
a failure, but good resul ts we!e secured on the other four fields. 

Among the tester strains Indiana 33-16 was easily the best in 1919, 
its hybrids averaging a rt.lative estimated yield of 108, as compared with 
102 for the next best tester. Among the strains tested the most promising 
were the following: 

Strain 
Second cycle (Boone 661 x Com. 687) 
Reid 461 (Indiana) 
Reid 2-16 
Reid 30-8 
Reid Fe 4 (Indiana) 
Johnson Co. White 12-20 (Indiana) 
Second cycle (Reid 681 x 670) 

No. of Average relative 
tests yield of all hybrids 

16 110 
10 109 
8 108 

13 106 
9 106 

17 105 
11 104 

Y-ield tests of double-cross hybrids and corn varieties were planned 
for eight fields representing the principal corn growing regions of the 
State. However, on account of the unfavorable conditions of the planting 
season it was possible to plant only three of the permanent fields (Co
lumbia, St. Charles and Sedalia). Temporary arrangements were made 
for the use of fields at Oregon, Clinton, and Wright City to replace some 
of the fields excluded by weather conditions. Planting was late in all 
fields. The test at Columbia was a complete failure. 

The yield tests included 68 double-cross hybrids produced at this 
station, 28 commercial varieties or strairis obtained from seed crosses in 
Missouri and neighboring states, and five commercial hybrids now 
offered by seedsmen. Each stock was grown in four replica.te plots. 
Every fifth plot was a check plot of Reid Yellow Dent. The plots were 
four hills square and thinned to stand two stalks per hill. 

On each of the five fields the highest yielding stock was a station 
hybrid. On each field the average yield of all station hybrids tested was 
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higher than the average of all varieties tested, the average margin of 
superiority being about 10 per cent .. The average yield of the commercial 
hybrids was above the average of the varieties on three fields and below 
it on two fields. 

The comparative yield of varieties, commercial hybrids, and station 
hybrids on the five fields is shown in Table 20. 

TABLE 20.-COMPARATIVE YIELD OF VARIETIES, COMMERCIAL HYBRIDS AND STATION 
HYBRIDS 

Clinton I St. Wright 
Oregon Oregon , Charles City Average 

Avg. of all varieties _ - - - -- 24.1 76.3 30.5 23.7 37.3 38.4 
Avg. of commercial hy-

brids _________________ 19.7 72.9 33.7 33.2 46.6 41.2 
Avg. of station hybrids ___ 25.2 93.9 35.8 29.9 45.6 46.1 

Highest variety (Commer-
cial White) _________ 24.3 100.4 26.1 39.6 35.8 45.3 

Highest commercial hy-
18.6 brid (Wallace) _______ 86.4 28.8 39.8 45.7 43.7 

Highest station hybr!id y, 
(No.37) __ . __________ 27.9 99.9 48 . 1 43 .3 57.8 55.4 

Check (Reid Yellow Dent) 20.5 90.1 33.4 23.8 I 42.3 42.0 

A Genetic Analysis of Maize. (L. J . Stadler) . The frequency of 
recessive mutation was determined in eight genes of well-known and 
typical genetic behavior. None had previously been known to mutate. 

The frequency of mutation differed widely in different genes, the 
most mutable gene studied yielding about 400 mutations per million 
gametes. One, thus far, has yielded no mutations among about two 
million gametes tested. There was a distinct and consistent variation 
in the frequency of mutation of the same gene in different families. The 
rate of mutation may be increased or decreased by selection. 

A study of the variability of the chromosomal deficiency resulting 
in mosaic endosperm was made as a basis for experiments on the effects 
of X-rays upon chromosome distribution. Mosaic endosperms normally 
occurred with lo'N but appreciable frequency for each of the seven 
chromosomes 'Nhich may be marked by genes for endosperm characters. 
The frequency of occurrence of mosaics differed 'Nidely in diffe 'ent 
stocks. During the first three cell generations in endosperm C!.evelopment 
the average frequency of divisions unequaled for a given locus varied 
from 2 to 40 per 10,000. 

Rates and Methods of Plantfug Grain Sorghum. (c. A. Helm). 
These experiments were carried on at the Cuba field, on land falling 
below medium fertility. Grain yields of Pink Kafir, the variety of sor-



78 MISSOURI AGRICULTURAL EXPERIMENT STATION BULLETIN 300 

ghum used, increased with the rate of planting from 15 bushels per acre 
at three stalks per hill, to 19 bush~ls per acre at five stalks per hill. 
Drilling the seed five inches apart in rows of the same width as in hill 
planting gave a yield of 22 bushels per acre. Fodder yields were not 
materially changed by variation in rate and method of planting the seed. 

A Comparison of the Most Important Grain Sorghums with Com 
for Grain and Forage Production. (c. A. Helm, B. M . King). At the 
Stark City field corn in a manured, limed, and fertilized rotation of 
crops including clover, has produced an average yield of 44.5 bushels of 
grain to the acre. For the same period grain sorghum grown in this rota
tion has given an acre yield of 55.2 bushels. Corn grown in a similar 
rotation, without lime or manure, but including a fertilizer treatment 
to the wheat crop, has produced an average acre yield of 22 bushels, and 
grain sorghum 30.2 bushels. 

At the Shelbyville field two leading varieties of corn, Reid Yellow 
Dent and 90-Day Yellow, grown in rotation with soybeans, wheat, 
and clover, on soil receiving treatments of lime, manure, and phosphate 
fertilizer, have for five years yielded a respective average of 45.6 bushels 
and 39.1 bushels of grain to the acre. Grown in the same rotation, but 
without soil treatments, these varieties receiving lime and phosphate 
fertilizer but no manure, yielded respectively 36:8 bushels and 28.1 
bushels to the acre. 

Sunrise Kafir grown in rotation with oats, alsike clover, and orchard 
grass, but without lime and fertilizer for any crops, produced 33.5 bushels 
of grain to the acre where manure was applied to the grass sod before 
plowing for Kafir, and 29.0 bushels per acre where no manure was thus 
applied. 

At the Cuba field two leading varieties of corn, Reid Yellow Dent 
and 9:0-Day Yellow, grown in rotation of corn, soybeans, wheat and clover 
on soils receiving manure, lime, and phosphate fertilizer, produced 
respectively 31 .4 bushels and 30;6 bushels of grain to the acre. 

Grain sorghum varieties grown in the same rotation and receiving 
the same soil treatments yielded an average of 42.1 bushels to the acre. 
In the same rotation of crops and receiving all soil treatments except 
manure, Reid Yellow Dent yielded 23.5 bushels; 9CJ-Day Yellow 19.1 
bushels and the grain sorghum varieties 26.8 bushels to the acre. 

New Varieties and Selections of Soybeans. (B. M. King). One 
hundred and thirty-four varieties of soybeans (classified and described in 
Missouri Research Bulletin No. 131) were included in a yield test in 
1929 at Columbia, Shelbyville, Elsb'erry, Cuba, and Charleston. The 
yields of the different varieties at Columbia ranged from 7.4 to 21.4 
bushels per acre. Equally as wide a range in yields occurred in the other 
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tests except at Cuba where the range was from 4 to 11 bushels per acre. 
Many were found to be inferior while others compared favorably with 
varieties now commonly grown in Missouri. Seed stocks of the better 
kinds were saved for further testing. 

Midwest and 54610-2, a selection furnished by the United States 
Department of Agriculture, in another yield test of varieties and strains 
of soybeans at Columbia, gave yields of 20.4 bushels per acre, while 
S419, a Missouri selection, yielded 20.2 bushels. 

Earlier yield tests of pure line selections of the Virginia variety 
showed no significant difference between the selections. Another group 
of selections were taken from a large commercial field of this variety in 
1926. Plants that appeared to be strikingly different from their neigh
bors in one or more respects were chosen. Thirty:-five of these were 
tested in 1927, 1928, and 1929 and did not vary more in yield than would 
be expected from experimental error. Virginia is therefore probably a 
pure line, or so uniform that selection offers little means of improving 
it. 

A Study of the Important Varieties of Oats for Missouri Conditions. 
(C. A. Helm, R. T. Kirkpatrick). The leading varieties of oats in nursery 
tests were the following: 

01375 
065 
02890 
0124 
0969 
015 
0964 
0149 

Variety 
Columbia 
Fulghum (Kanota) 
Burt Selection 
Fulghum 
Ferguson 922 
Burt 
Texas Red 
Fulghum 

Yield in Bu. per A. 
41.2 
39.2 
38.2 
37.8 
37.8 
37.6 
36.7 
36.6 

The leading varieties in the drill-width tests located at Shelbyville, 
Grain Valley, Columbia, Stark City, Oregon, Boonville, Maryville and 
Perryville were the following: 

Variety 
Columbia 
Burt 
Kherson 
Fulghum (0149) 
Fulghum (Kanota) 
Silvermine 

Ave. Yield in Bu. Per A. 
37.5 
36.2 
34.7 
34.1 
32.6 
32.6 

The yields of 160 selections from seven commercial stocks of Ful
ghum varied from 34.4 to 55.2 bushels per acre. None of these was 
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found to be highly resistant to the strain of smut infecting Fulghum oats. 
Forty-nine selections from Burt anti Fulghum varied in yield from 

26.4 to 51.0 bushels per acre, in comparison with an average yield of 
36.6 bushels for the check plots ofPulghum. 

Barley Breeding. (R. T. Kirkpatrick). Twenty-five varieties of 
barley in the nursery test varied in yield from 0.5 to 15 bushels per acre. 
The relatively low yields secured were due to the very poor seasonal 
conditions in 1929 for barley production and also to the fact that no 
commercial fertilizer was used. 

Sp~cing and Fertilizer Tests with Cotton. (B. M. King). At Hayti 
the highest yields were secured from plants spaced in hills 12 inches 
apart with two or three plants in each hill, while at Kennett the highest 
yields were secured from single plants spaced 12 inches apart in the row. 

Table 21 shows the spacing distances for cotton at Hayti and 
Kennett. 

TABLE 21.-SPACING DISTANCES FOR COTTON 

Spacing 

2-3 plants per hill with hills 10-12 inches apart _____________ _ 
1 plant every 12 inches ________________________________ _ 
1 plant every 18 inches- ______________ __ __ _____________ _ 

Location of Test and 
Lbs. of Lint per Acre 

Hayti Kennett 

415.3 
360.5 
395.6 

376.4 
383.1 
368.1 

Fertilizer tests with cotton were conducted on duplicate series of 
fertilized plots. Appiications of 400 pounds of 20 per cent superphosphate 
0-12-4,4-12-0, an'd 4-:12-4 were used. All treatments gave an increase in 
yield over the untreated plots. The greatest increases were secured from 
plots receiving the 4-12-4 fertilizer. This increase amounted to an aver
age of 130.6 pounds of lint per acre at Kennett, and 176.9 pounds at 
Hayti. 

Varieties of Cotton for the Southeast Missouri Lowlands. (B. M. 
King). Experiments in cotton production in the Southeast Missouri low
lands in 1929 were conducted on rich, heavy land at Hayti and on ii,ne 
sandy loam of medium fertility at Kennett. The results of the variety 
tests at these two places are recorded in Table 22. 



PROGRESS IN AGRICULTURAL RESEARCH 

TABLE 22.-COTTON VARIETY TESTS AT HAYTI AND KENNETT 

Variety 

Delfos 6102 ______ - - - -- - - - -- - - - - - -- - - - - - - --
Lone Star 65 ___ _______ - - - -- ----- ----- -- ---
Acala 5-37 ____ -- - - --".' -- ---- - -.- - -- -- - - -- --
Cleveland (Wilson) _ - _ - - - - - - - - - - - - - - - - - - - --
Gudden _________ ~ _______ "----------------Express. ________________ = _______________ _ 

Trice 730 _______ - - -- - - - -- - -- - -- - - - -- - - ----

Location of E,xperiments and 
Lbs. of Lint Cotton per Acre 

Hayti 

282.2 
320.7 
349.9 
350.4 
317.6 

318.3 

Kennett 

436.8 
503.0 
434.8 
425.3 
496.6 
402.0 

81 

Lone Star 65, an early maturing big boll type, produced the highest 
yield of lint cotton at Kennett. This variety was tested in Missouri in 
1928 for the £rst time, and gave good yields both at Hayti and Kennett. 
In earlier tests at Hayti, the highest yields have usually been secured from 
early prol1i£lc varieties such as Delfos and Trice, but in 1929 Cleveland 
and Acala gave the highest yields due largely to the fact that seasonal 
conditions were unusually favorable for the development and maturity 
of medium late varieties. 

HOME ECONOMICS 

MABEL V. CAMPBELL, Chairman 

The Vitamin A Content of June Eggs. (Margaret C. Hessler, Sylvia 
Cover). The vitamin A content of June eggs from Rhode Island Reds 
and White Leghorn chickens was determined by the Sherman Munsell 
method. The unit from both breeds was less than 0.036 grams per day. 
There was no difference between the eggs of the two breeds. 

Temperature and Time of Cooking Meat. (J essie Alice Cline, 
Hazel E. Fry). The following roasts were cooked at constant oven 
temperatures of 125°C. and 165°C. to determine their comparative 
cooking losses and palatab1lities: 

Length of Ripening Period 
Prime Ribs (9th, 10th and 11th rib:s) ______________________ 10 days 
Chuck No. 1. (3rd,4th, and5thribs) _____________________ 13 days 
Chuck No.2. (Ist and 2nd ribs) .. _________________________ 14 days 
Rump _________________________________________________ 15 days 
Sirloin _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 16 days 
Heel of Round .. _________________________________________ 17 day s 
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The judges agreed very closely on tenderness, quantity of juice, 
texture and intensity of flavor of lean. They varied considerably on 
intensity of flavor of fat, desirability of flavor of fat, intensity of aroma, 
desirability of aroma, desirability of ·flavor of lean, and quality of juici
ness. The tenderness, the qiUantity of juice and the flavor of the lean 
seemed most important. 

The Durability of White and Colored Cotton Materials. (Ad ella 
Eppel Ginter, Doris Rhodes). The group of 18 ginghams and similar 
fabrics that were laundered 45 times by home and commercial methods 
during 1927-2'8 and 80 times in 1928-29 have been laundered 32 addition
al times. Tests for thickness, shrinkage and thread count have been 
made after laundering 157 times. Tests for weight and tensile strength 
after 157 launderings have been made. 

The five white cotton fabrics which in 1928-29 were laundered 45 
times by home and commercial methods and tested after 5, 15 and 30 
launderings for thread count, weight, thickness, shrinkage and tensile 
strength have been laundered until completely worn and the same tests 
applied. 

The wear on white cotton fabrics, due to laundering, was not great. 
Tensile strength was a good measure of durability as affected by 

laundering white cottO!l fabrics. 
Commercial methods of laundering produced more wear than home 

methods. 
This type of muslin decreased in tensile strength from 58 to 65% 

warpwise and 67 to 71 % fillingwise. 
Shrinkage due to washing may be overcome by pressure exerted 

during ironing. 
A much larger number of fabrics should be tes.ted before definite 

statements as to the relationship of the factors determining the wearing 
qualities of such fabrics could be made. 

Although the intervals of testi~g were not eq:pal in size many of 
those chosen showed significant changes in the fabric. 

The visual method coincided well with the tensile strength values 
and the two methods combined proved to be the best for judging com
plete wear. 

The method of ranking fabrics for tensile strength based on the 
highest combination of values warpwise and fiHingwise corresponded 
with the number oflaunderings they withstood. 

The Vitamin Content of Bloomsdale Spinach. (Margaret C. Hessler, 
Dorothy Johnson, Sister Rose Beatrice Walsh). The method of Chase 
(Sherman's Laboratory) was used. Vitamin G was supplied by auto
c1aved yeast. The portion of a food supplying Vitamin B, which would 
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allow 25 grams gain in eight weeks on standard test rats was taken as a 
unit. 

One gram of fresh Bloomsdale spinach and b"etween five aipd six 
grams othome canned Bloomsdale spinach provided one unit of Vitamin 
B. 

Using the method of Sherman, La Mer, and Campbell the amount 
of fresh and canned spinach necessary. to give one unit of Vitamin C 
was determined. The unit was defined as the smallest portion of the 
food tested which would prevent scurvy in a standard test guinea pig 
for from 60 to 90 days. 

Between two and three grams of raw spinach furnished a unit of 
Vitamin C. Fourteen grams of spinach cooked 15 minutes was necessary 
to furnish one unit. Ten grams was required of spinach canned according 
to the method described in Farmers Bulletin 1471. 

The amount of Vitamin A and Vitamin G has not yet been es
tablished. 
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HORTICULTURE 

T. J. TALBERT, Chairman 

Breeding Apples for Late Blooming Habit. (A. E. Murneek). 
Second generation seedlings resulting from 1927, 1928, and 1929 crosses 
have been established in nursery rows. These crosses were between 
the numbered Ingram x Daru seedlings and named varieties. Numbers 
117, 120, and 122 were crossed with both Jonathan and King David. 
Numbers 120 and 124 were crossed with Delicious and Golden Delicious. 
Lack of vigor and susceptibility to fire blight (B. amylovorus) were 
studied in some of the prog~nies. 

Autumnal Migratio:n of Nitrogen and Carb()hydrates in the Apple 
Tree. (A. E. Murneek). Chemical analyses were made of three varieties 
of 18-year old apple trees. A large part of the nitrogen of the leaves was 
reibsorbed before their abscission. It was deposited in twigs and spurs. 
It later moved to older wood. Only small amounts of carbohydrates were 
removed from the leaves before they dropped. A portion of the carbo
hydrates in twigs was translocated to older wood at the beginning of the 
dormant period. All parts of the tree showed a decrease in starch and a 
corresponding increase in total sugars. 

The total quantity of nitrogen, hemicellulose, starch, and sugars 
was determined in various structural parts of three representative trees 
late in the fall. A tree weighing 1000 pounds contained a total amount 
of nitrogen equivalent to 13 pounds of sodium nitrate, of which 2.5 
pounds were in the leaves, three pounds in the roots, and most of the 
rest in the older branches. Of the 200 pounds of total available carbo
hydrates, 25 per cent was in the roots, and 75 per cent above ground. 
About 75 per cent of the hemicellulose was in the branches and the 
trunk; 25 per cent in the roots. However, the roots contained more than 
one-half of the total starch and showed a relatively high concentration of 
sugar. Rapidly growing trees had comparatively more nitrogen and 
carbohydrates in the portion above ground than in the roots. 

A Biochemical Study of Photoperiodism. (A. E. Murneek). Several 
series of plants were tested in the greenhouse with artificial light, in 
respect to their response to seven and fourteen hours exposure to light. 
These included varieties of soybeans, salvia, cosmos, spinach, radish, 
lettuce, and tomatoes. 

A biochemical analysis of the various parts of the short and long 
day plants has been started. This included the determination of chloro
phyll pigments and various soluble and insolub'te fractions of nitrogen 
compounds and carbohydrates. 
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Dry Lime-Sulphur Sprays. (T. J. Talbert, H. G. Swartwout). Dry 
lime sulphur at four pounds to fifty gallons was practically eq,ual to the 
standard dilution of the liquid material in the control of apple scab. 
It was superior in the matter of russeting of the fruit. Five applications 
of the spray, as compared with four, did not materially reduce scab 
infection. The use of the 1-1-50 bordeaux increased the percentage of 
russeted fruit. The injury from bordeaux was greater than in either of 
the lime-sulphur plots. The finish of the fruit in the dry lime-sulphur plot 
was superior to that in any of the sprayed plots. 

Spraying Versus Dusting. CT. J . Talbert, H. G. Swartwout). 
Where growers have sufficient acreage and investment to justify two 
types of outfits, 'both dusting and spraying equipment would be profit
able. However, where either diseases or insects are serious and very 
difficult to control, spraying gives the better results. 

Bordeaux on Cherries. CT. J. Talbert, H. G. Swartwout). Bordeaux 
in addition to reducing the size of the cherries, left objectionable residue 
on the fruit at picking time. This was true for each of the three years the 
experiment has been in progress, even though precautions have been 
taken not to spray within two weeks of harvesting. 

Ammoniacal Copper Carbonate Spray for Grapes. CT. J . Talbert, 
H. G. Swartwout). Except in wet summers favorable to black rot, the 
ammoniacal copper carbonate spray gave good results as a substitute 
for bordeaux for all grape sprays after July 1. The use of arsenate of 
lead should be discontinued after this date, unless the berry moth is 
serIOus. 

Ammoniacal copper carbonate has given as good results for the 
control of black rot as bordeaux when used in the late summer sprays 
and has eliminated the objectionable bordeaux stain on the grapes at 
harvest time. The omission of arsenate of lead from the late summer 
sprays reduced the arsenical residue on the fruit. 

Spray Spreaders. CT. J. Talbert, H. G. Swartwout). Spray spread
ers to date have not justified their use on apple and peach orchards. 
There is a possibility, however, that the use of spreaders on grapes, 
cherries, plums, and other fruits having a smooth surface might prove 
profi table. 

Oil Sprays. CT. J. Talbert, H. G. Swartwout). No accumulative 
injury has developed from applying dormant applications of oil sprays 
consisting oflubricating oil emulsion. These sprays havc been used since 
1923. Lubricating oils used as a delayed dormant spray,for scale insects 
and aphids may be safely applied at the rate of two per cent without 
material injury to developing Ieav;es or fruit buds up to the cluster bud 
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period. Oil sprays as a substitute for the late arsenate of lead sprays 
must be used with caution. 

Self- and Cross-fertility in Apples. (A. E. lYIurneek). Screened 
cages and small colonies of bees were used for apple pollination investi
gations. Self-fertility was determined in the following varieties: De
licious, Jonathan, Grimes, Winesap, and Stayman. Cross-pollination 
stlldies were conducted with the following combina tions: Delicious ( ~ ) 
x King David (0'); Delicious (~) x Grimes (0'); Delicious (9) x 
Jonathan (O')i Delicious (9) x Ben Davis (0'); Jonathan (9) x King 
David ((f') ; Jonathan (9) x Delicious ((f') ; Jonathan (9) x Ben Davis 
(0'); Grimes (~) x Ben Davis (0'); Grimes (9) x Jo~athan (0'); 
Grimes ( 9 ) x King David (0'); Winesap ( 9 ) x Delicious (0'); Winesap 
(9) x King David (0'); Stayman (~) x Rome (0'); Stayman (9) x 
Jonathan (0'); Stayman ( ~ ) x King David (0'). 

Self:..pollinations gave a low percentage set of flowers. Ben Davis, 
Jonathan, and D~licious were the best pollenizers. 

There were three and possibly four waves of shedding of immature 
fruits. The first was the most pronounced. Self-pollinated flowers 
dropped soon after blooming in one large wave. The other drops of 
fruits were small. Cross-pollinated Bowers persisted longer than selfed. 
The first shedding was of an irregular character, often consisting of two 
parts, followed by a third and a fourth at fortnightly intervals. The 
shedding performance was a varietal chanicteristic. It was influenced 
only to a limited degree by the pollen parent. All tested varieties pro_ 
duced fewer fruits containing only about one-half as many seeds when 
self-pollinated as when cross-pollinated. There was little difference in 
the average weight of the fruit. The size of apples was determined 
primarily by food supply. 

Sweet Cherries in Missouri. (T. J. Talbert). Hardy productive 
varieties within and out of the S'tate have been used for experiments. 
Cross-pollination has been adopted and the effects upon fruit setting 
and bearing compared. 

Walnuts, Pecans, and Filberts in Missouri. (T. J. Talbert, A. E. 
Murneek). The best method of top-working the black walnut in Missouri 
is by cleft grafting. Bearing seedling walnut trees may be changed to 
more profitable varieties and brought into full bearing in about five 
years. 

Some form of budding adapted to nut trees gave the best results in 
top-working the pecan and hickory. On ac~ount of slow growth of 
hickory, pecan stocks have been used for the hickory grafting. 

The severe winter of 1929-30 killed most of the flowers of the 
various varieties of filberts, excepting the native hazels, C. Americana 
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and C. rostrata and some of their hybrids. The vegetative parts were 
not injured in even the tenderest varieties. 

Tomato Seed Selection for Disease Resistance. (J. T. Quinn). 
Varieties and strains of tomatoes which had previously shown resistance 
to tomato wilt (Fusarium Iycopersici) were grown in infected soil under 
field conditions and as fall and spring crops in the greenhouse. The 
Marglobe was the outstanding wilt-resistant variety. The best of the 
English strains from the 1928 greenhouse crop were grown in 1929. 
Although many English strains are too small for our market demands, 
two varieties gave promise as to set, wilt resistance, and productivity. 
No difference in their susceptibility to Cladosporium fulvum was noted 
among the strains tested, The Marglobe variety failed to mature normal 
fruit when grown as a midwinter greenhouse crop. 

Irish Potatoes in Missouri. (T. J. Talbert, J. T. Quinn). Greater 
variation was found in the differen t strains of the Early Ohio than in the 
strains of the Irish Cobbler. Certified Triumph seed from Idaho and 
Nebraska were entirely free of mosaic. The growing conditions during the 
1929 season were quite favorable for blackleg and rhizoctonia. The 
northern grown certified seed plots showed a very low percentage of 
seed borne diseases, while northern grown uncertified seed showed black 
leg infection up to 27 per cent. 

Immature seed of the fall home grown crop produced as good yields 
as northern grown certified seed. Fall home grown seed of the Irish 
Cobbler variety produced a negligible number of hollow heart potatoes. 

Potatoes planted April 1 gave the largest yield., March plantings 
were a total loss, due to rotting in the abnormally wet soil. 

Profitable increases were received up to 600 pound applications of 
fertilizer. A 4-12-4 fertilizer on the fall planting of the Green Mountain 
variety used at the rate of 400 pounds per acre did not increase the 
yield. 

TABLE 23.-POTATO EXPERIMENTS AT ORRICK 

Certified Northern Grown Seed ________ _ 
Uncertified Northern Grown Seed ____ _ 
Spring Home Grown Seed _____________ _ 
Fall Home Grown Seed _______________ _ 
Fall Home Grown Cut Seed ___________ _ 
Fall Home Grown Whole Seed _________ _ 
Seed Planted 8 Inches in Row _________ _ 
Seed Planted 10 Inches in Row ________ _ 
Seed Planted 12 Inches in Row _________ -
Seed Planted 14 I nches in Row ________ _ 

I Yield in bu. per acre Percentage of culls 

248.6 
241.3 
215.9 
24.6.8 
245.4 
253.1 
266.3 
256 
248 
216 

18.5 
21.2 
28.7 
20.1 
21.2 
18.1 
25.6 
21.4 
18.8 
19.4 
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The hot formaldehyde and corrosive sublimate seed treatments 
gave better control for rhizoctonia and scab than a number of organic 
mercury compoun'ds. Hopper burn was especially bad on the later 
plantings. Spraying with 3-4-50 bordeaux gave better control than dust
ing with a copper lime dust. 

An outlying experiment field was conducted at Orrick, the principal 
potato growing section of the State. This was made possible through the 
courtesy of the Western Missouri Potato Growers' Association. Table 
23 shows the results. 

During seasons of unfavorable growing conditions the late crop of 
potatoes in central Missouri may produce a high percentage of small 
potatoes. The small, immature potatoes have some advantage as seed 
over the cut seed piece. Potatoes planted 12 inches apart in the rows 
were most profitable. 

Cantaloupe Investigation. (J. T. Quinn); A number of new varieties 
of cantaloupes were grown. Varieties not adapted to Missouri conditions 
were eliminated. In all, 14 varieties were retained. Lake Champlain 
was the earliest variety tested. Hale's Best was superior to Pollock 10-25 
and "pink-mea ted" Pollock 101. No difference was noted in the type 
or vigor of plan ts from seed from differen t sources. 

Cabbage Seed Selection for Resistance to Fusarium Conglutinans. 
(J. T. Quinn). New varieties and strains of cabbage were included in 
the experiment. S'trains of Marion Market which have been quite 
resistant showed infection up to 36 per cent. Weather conditions were 
unusually favorable for the growth of the causal organism, (Fusalrium 
conglutinans). Late types were more resistant than earlier types. 

Control of Biennial Bearing in York Apples. (H. D. Hooker,'" 
A. E. Murneek). Following a heavy crop of fruit in 1926, a block of 
Yorks was pruned severely during the next winter. During the next 
"off year" the trees were fertilized moderately with nitrate of soda and 
sulphate of ammonia in" the spring and again in the fall. No pruning was 
given in 1927-28 and no fertilizers in the spring or fall of 1928. The crop, 
though reduced approximately one-third by the heavy pruning, was 
good in 19'28-a normal "on year." In the spring of 1929 nitrogen 
fertilizers were applied. A fair yield of fruit was produced in this "off 
year," when little or none was expected, as a result of pruning and fer
tilization, as the following table will show: 

A vg. yield per tree 
Trees pruned and fertilized in "off year" _________ 6.7 bu. 
Trees pruned only _______________________________ 3.5 bu. 

*Died Oct. 27, 1929 



90 MISSOURI AGRICULTURAL EXPERIMENT STATIO N BULLETIN 300 

These trees showed a very poor set of fruit in 1930. It is therefore 
difficult to determine to what extent this treatment may be of permanent 
~~. . 

Strawberry Nutrition. CR. G. Swartwout, J. H. Long). Nitrogen, 
phosphorus, and potassium, singly and in combination, and in varying 
quantities were applied to strawberries in greenhouse pot tests and field 
tests. Applications were made on some tests in the spring, on others in 
the summer, and on others both spring and summer. Summer applica
tions of superphosphate, with or without nitrogen, did not stimulate · 
runner pi'oduction, but a combination of phosphate and potassium 
applied in the summer caused a great increase in runner growth. 

Any combination of fertilizers used at the 400-pound rate in the 
spring and summer plots caused a great increase in runner growth. 
Treble spring treatments-1200 pounds to the acre-were almost dis
astrous. However, where p~tassium was included in the combination 
the trea tmen t was less harmful. 

Summer fertilizers increased the number of flower clusters per 
plant, but no treatment increased the number of flowers per cluster. 
A spring treatment of a 15-30-15 fertilizer caused a large increase in 
the number of flower clusters per plant. A spring treatment of phosphate 
and nitrogen caused the largest increase in percentage of set in fruit. 
The 15-30-15 fertilizer at the rate of 160 pounds to the acre in summer 
and again in the spring caused more flowers to form and more fruit to 
set and mature than any other treatment. Every fertilizer treatment was 
beneficial. Phosphorus alone at 400 pounds an acre doubled the yield. 
The 15-30-15 fertilizer trebled the yield. 

Nitrogen Fertilizers on Grapes. CH. G. Swartwout). Sulphate of 
ammonia and barnyard manure have been applied to bearing Concord 
and Moore grape vines. Nq effect of the fertilizer, either on the appear
ance of the vine or the amount of growth, has been noted. Analyses 
of roots, trunks, arms, and canes showed the same total amount of 
nitrogen in fertilized and unfertilized vines, both during the winter Ilnd 
after growth had started in the spring. Nitrogen was highest in tk roots 
and lowest in the base of the trunk. The amount progressively increased 
from the base of the trunk to the canes. 

The Relation of Potassium. to Nitrogen in Nutrition of Apple Trees. 
CA. E. Murneek, E: J. Gildehaus). A marginal burning of leaves was 
produced in dwarf apple trees growing in loess soil in tubs by heavy 
applications of nitrogen fertilizers. This suggested potassium starvation. 
Apple trees were then grown in: sand cultures and fed increasing amounts 
of nitrogen. The marginal burning of leaves was again produced. By 
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increasing the amounts of potassium the harmful effects of relatively 
large amounts of nitrogen were obviated. 

Peach Breedjng for Hardy Varieties. CA. E. Murneek). The low 
temperatures of the 1929-30 winter acted selectively on the collection 
of hardy peaches. None of the flowers survived. The twigs and branches 
of some of the tenderer sorts were injured. The following varieties 
withstood a temperature of 150 below zero F. : Marquette, Vainqueur, 
Kalamazoo, Wilma, and a number of unnamed hardy seedlings. 

POULTRY HUSBANDRY 

H. L. KEMPSTER, Chairman 

The Value of Cotton Seed Meal, Soybean Meal, Dried Ekimmjlk, 

and Dried Buttermilk in Rations for Egg Production CH. L. Kempster). 
Dried skimmilk was equal to dried buttermilk in rations for laying hens. 
Soybean meal was utilized to good advantage in rations for egg produc
tion. The use of cotton seed meal was limited on account of yolk dis
coloration when the eggs were kept in storage. In the feeding tests a 
mash containing 30% of either dried skimmilk, dried buttermilk, cotton 
seed meal, or soybean meal was fed. Table No . . ?4 shows the proportions 
used. White Leghorn hens in their second laying season were used. Feed 
te$ts extended from November 1 to September 30. 

TABLE 24. EFFECT OF VARIOUS PROT EIN C ONCENTRATES ON EGG P RODUCTION 

Pen Number Per cent in "Grain per Mash per Eggs p.er Feed per 
and Ration Mash Hen (Lbs.) Hen (Lbs.) Hen Doz. Eggs 

(Pounds) 

1 
Cotton seed meal 30 44 18 142 5.24 
Bone meal 4 
Salt 1 

2 
Soybean meal 3.0 45 21 142 5.58 " 
Bone meal 4 
Salt 1 

3 
Dried skimmilk 30 41 20 146 5.02 
Salt 1 

4 
Dried buttermilk 41 21.5 142 .4 5.26 
Salt 1 --

*Experiment extended over period of 11 month&. 
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The Feed Purchasing Power of the Eggs laid by One Hen (H. L. 
Kempster).-The relationship between feed and egg prices in 1929 was 
more favorable to poultrymen than during the two previous years. A feed 
mixture in the ratio of 5 pounds corn, 3 pounds oats, and 3 pounds wheat 
was worth $1.71 in 1929 as compared with $1.81 in 1928, and $1.62 in 
1927. The average farm price of eggs in Missouri during 1928 and 1929 
was 27.1 cents per dozen. In 1927 it was 22.1 per dozen. The feed 
purchasing power of eggs in 1929 was nearly 13 per cent higher than for 
the previous year. 

Normal Growth of Chicks (H. L. Kempster, E. E. Schnetzler).
Rhode Island Reds, White Rocks, and White Leghorns were used 
in this experiment. Table No. 25 shows the weights of the pullets at 
four-week intervals. 

TABLE 25. GROWTH FOR WHITE ROCK, RHODE ISLAND RED, AND WHITE LEGHORN 
PULLETS 

Breed White Ro'cks Rhode Island R,eds White Leghorns 

Age in Weight in Weight in Weight in 
Weeks Number Grams Number Grams Number Grams 

4 238 183 249 198 388 171 
8 238 429 248 451 374 362 

12 232 785 240 802 372 617 
16 229 1005 229 llQ4 326 827 
20 231 1289 226 1407 324 1012· 
24 207 1505 212 1647 302 1182 
28 188 1875 192 1947 28.5 1357 
32 179 20,64 180 2207 281 1417 
36 166 2170 168 2350 219 1428 
40 159 2203 160 2406 194 1452 

Rhode Island Reds and White Rocks hatched in February were con
sis tently larger at a given age than those hatched later. There was 
little difference in the growth rate of the pullets hatched in March and 
April. The spring of 1929 was unfavorable for raising poultry, especially 
for chicks hatched in March. However, with White Leghorns the Febru
ary hatched chicks up to the age of 28 weeks outweighed those hatched 
in March and April. After this the advantage disappeared as the age 
increased. The size of pullet progeny from adult hens was compared with 
the size of pullet progeny hom pullets in their first laying season. With 
Rhode Island Reds and White Rocks at the age of 40 weeks there was 
a difference of about one per cent in favor of the progeny from older 
b reeding stock. 
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Wheat as a Supplement to Yellow Com in Rations for Egg Production 
(H. L. Kempster).-Experiments were started November I, 1928 and 
continued to September 30, 1929. White Leghorn hens were used. All 
mashes contained 18 per cent meat scrap, 5 per cent dried milk, and 1 per 
cent salt. The only differences in the rations were the ratios between 
yellow corn and wheat in the scratch feed, and yellow corn meal and 
wheat by-products (bran and shorts) in the mash. 

Lot 1 was fed corn as a scratch feed and a mash containing 76 per 
cent corn meal. Lot 2 was fed scratch feed consisting of one-fourth wheat, 
three-fourths corn. The mash consisted of 19 per cent of a mixture of 
wheat bran and shorts and 57 per cent corn meal. Lot 3 was fed a scratch 
feed of equal parts of corn and wheat. The mash contained 38 per cent 
corn meal and 38 per cent bran and shorts. Lot 4 was fed a scratch feed 
containing one-fourth corn and three-fourths wheat and a mash contain
ing 19 per cent corn meal and 57 per cent bran and shorts. 

Egg production per hen increased as the percentage of wheat and 
wheat products increased up to the point where the ratio between corn 
and wheat was equal. 

Nutritional Requirements of Poultry (E. E. Schnetzler) .-Six lots of 
twenty White Leghorn chicks each were fed an all mash basal ration 
supplemented with drie~ milk and commercial meat scrap. The basal 
ration consisted of the following: yellow corn meal 50 lbs., wheat bran 
15 lbs., wheat middlings 15 lbs., bone meal 4 lbs., salt 1 lb., cod liver 
oil 2%. 

In each of the six lots the basal ration was supplemented as follows: 

Lot No. 
1 
2 
3 
4 

5 

6 

Ration 

5% dried buttermilk and 3.2.% bone meal 
15% dried buttermilk and 2.4% bone meal 
25% dried buttermilk and 1.6% bone meal 
10% meat scraps, 5% dried buttermilk and 8 

% bone meal 
5% meat scraps, 10% dried milk and 1.2% 

bone meal 
15% meat scraps 

The growth of the chicks for the seven-weeks period is shown in 
Table No. 26 
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TABLE 26. GROWTH OF CHICKS 

Weight in Grams 

Ra60ns Age In Days 
---

2 7 14 21 28 35 42 49 

1 37.1 50.4 69.1 107.2 159.1 210.6 260.0 309.0 
2 35.8 47.5 69.6 113.3 175.8 242.0 311.0 366.8 
3 35.3 53.7 79.5 128.9 207.2 280.4 363.0 430 .0 
4 34.7 49.1 70. I 106.0 158.2 229.3 288.3 325.5 
5 35.1 48.1 72.8 111.6 181.0 250.5 320.5 394.0 
6 34.4 46.8 62.3 83.2 136.6 189.5 240.0 296.3 

RURAL SOCIOLOGY 

E. L. MORGAN, Chairman 

Rural Community Trends (H. J. Burt).-Trends have been ob
served in education; health; utilities and public services; population; 
finance, wealth, and trade; civic and religious; and mralization. 

After extensive counsel with educational, health, civic, and other 
agencies, a list of questions has been prepared to cover the content of 
each of the items. 

Five communities have been selected to tryout the method of pro
cedure. These areas have been defined and mapped. The cooperation 
of a committee of responsible local persons has been secured in each 
community. This committee has started the work of collecting the in-
formation listed in the questions. ' 

Standards of Living for Farm Families (E. L. Morgan).-In cooper
ation with the Departments of Home Economics and Agricultural Eco
nomics 70 farm families in a central Missouri community have been stud
ied. Of the families studied thirty-four were owners, nineteen owner-rent
ers,and seventeen renters. A marked direct relation was found between 
years of residence in the community and social contacts; acres operated 
and capitalization; capitalization and money available for saving and 
living; and the four factors of family recreation, papers and magazines 
read, quality of diet, and education. A marked inverse relation was found 
between the age of the operator and the social contacts; age of the opera
tor and number of acres operated; and between capitalization and labor 
Income. 

There was a slight direct relation between size of family and social 
contacts; capitalization and family recreation; age of operator and quali
ty of diet; labor income and quality of diet; and between money avail
able and social contacts. 
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No relation was found between size offamily and money available; 
age of operator and money available; age of operator and labor income; 
size of income and labor income; money available and clothing expendi
ture; food expenditure and clothing expenditure; size of family and quali
ty of diet; social contacts and the factors of clothing expenditure, quality 
of diet, education, and papers and magazines read. 

Rural Community Organization in Public Welfare. (Walter Burr> 
George Gemmell).-Studies have been made in 42 counties. During the 
biennium 1926-2S Missouri spent $2,249,660.50 for poor relief. The State 
ranks sixteenth in the U. S. in the number of persons in almshouses. 
The committments of insane were 6.4 per cent higher than for the United 
States as a whole. In the classes of feeble-minded, crippled, and able
bodied, the percentages were lower than for the United States. There 
was a tendency for inmates to be discharged during the months of March, 
April, and May. This indicated temporary housing during the winter 
months. The number of able-bodied inmates in almshouses was so small 
that a farm for production purposes seemed to be no longer necessary. 

Relief outside of institutions has exceeded institutional relief in the 
cases of old age, sickness, and blindness. This situation was reversed in 
regard to the feeble-minded, crippled, and paralytic paupers. In cer
tain counties there was a tendency to give relief only to those of long 
residence in the county. In one instance, 75 per cent of those on the 
pauper list had lived in the county during their entire lives. Fifty per 
cent o{the cases of relief outside of institutions were rural and of these> 
thirty per cent lived on farms. There was a great variation in the amounts 
expended in poor relief in different counties, even tho the populations, 
were almost equal. Eighty and nine-tenths per cent of all poor relief was 
given in cash. Of 971 cases it was found that 171 received exactly $60 
a year each; 5.5 per cent received exactly $120 a year each. This in
dicated a lack of case studies and administration for rehabilitation. 

Thirty-five counties have superintendents of public welfare appoint
ed by the county courts. In some cases the superintendents acted as 
probation officer, school attendance officer, and in other capacities. There 
was a ,wide range in the efficiency of these officials. 

Movements of Rural Population in Missouri. (Howard E. Jensen). 
A quantitative study in Eopulation has been made in 391 incorporated 
places of Missouri for the decades 1890-1900; 1900-1910; 1910-1920'; and 
1920-1930. ' 

Population figures for the State for 1890 have been taken as a con
stant basis with an index number of 100. On 'this basis 1900 has an index 
of 116, 1910 of 123, and 1920 of 127. The index numhers for the entire 
United S·tates for the same periods were as follows: 121 for 1900; 146 for 



1910; and 1G8 for 1920, Th e rate ofJlop ul at ioll gain in Mi ssouri was th ere 
fote less than fot the entire U nited States, 

Fig, J4-A neglecled fielJ. To conlrol .urface ero.ion i. one o f lhe molt difficu lt problem. of 
the farmer. on loeu loill. 
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SOILS DEPARTMENT 

M. F. MILLER, Chairman 

Soil Erosion. (M. F. Miller, H. H. Krusekopf). The soil erosion 
measurement installation has been in operation {or twelve years. The 
differences between the six-year report and the report at the end of 
twelve years are not great. The losses from land in continuous corn 
has been almost seven times as great as the losses from land on which 
a good crop rotation has been followed and almost fifty times as great 
as that ftom bluegrass sod. Land plowed eight inches deep h~s eroded 
somewhat less than that plowed four inches deep. However, the differ
ences were not as great as was anticipated when the measurements were 
started. 

Four years' data are now available on the new installation in which 
different lengths of slope and different degrees of slope have been com
pared. On the plots in continuous corn the loss per unit area has been 
less with increasing length of slope. The loss from a slope of 8.48 per cent 
has been .92 surface inches annually, as compared with .50 surface 
inches from a six per cent slope and .13 surface inches from 3.68 per cent 
slope. 

A large group of erosion studies have been started on a 200-acre 
farm of Shelby loam soil in north central Missouri, in cooperation with 
the Federal Bureau of Chemistry and Soils and Hie Division of Agri
cultural Engineering of the Bureau of Public Roads. 

Studies on Basic Exchange in Soils. (Hans Jenny). Basic exchange 
which takes an important role in soil absorption processes, fixation of 
fertilizers and possibly also in the intake of nutrients for plants, has been 
studied on extracted soil colloidal material, bentonite and permutit 
(artificial "clay"). In all cases, both at alkaline and acid reaction, the 
basic exchange was closely associated with the hydration of ions. How
ever, the various colloids also ex"erted their specific influences which 
resulted in qualitative and quantitative differences. Difficulties were 
encountered in the titration of exchanged hydrogen ions on account of 
the aluminum salts present. A separate extensive study of the titration 
of aluminum chlorid in presence of various neutral salts has revealed 
that the endpoint of the titration varied greatly with the nature of 
cations present. 

The Effect of the Properties of Soil Colloids on the Growth of Soy
beans. "(Hans Jenny). The availability and effects of adsorbed calcium 
and hydrogen ions upon the growth of legumes have been studied. 
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Particular attention has been paid to damping off, growth, and inocula
tions of soybean plants. 

The damping off disease which yearly takes a heavy toll of seedlings 
and which has been generally attributed to a fungus infection under 
unfavorable light, temperature, and moisture conditions, has been shown 
to be closely related to the physico-chemical properties of the soil, 
particularly to its calcium content. 

Adsorbed or free hydrogen !ons(soil acidity;did not playa significant 
role in controlling the disease, but calcium ions were very effective. 
With increasing calcium concentration damping off declined rapidly, 
both at high and low pH values. Calcium ions were much superior to 
potassium or magnesium ions at any concentration. The calcium must 
be presented to plants in easily available form. Repeated experiments 
showed that free, ionic calcium was most effective. Adsorbed calcium 
on soil colloids was somewhat less influential, but still had a decidedly 
beneficial effect, whil.e calcium ions, bound by crystal lattice forces 
(anorthite) were not able to control the disease. 

Methods of Improving Heavy Clay Subsoil. (M. F. Miller, H. H. 
Krusekopf). The field experiment for the study of tight clay subsoils, 
located near Moberly, has been continued during the year. Tile drains 
installed in the spring of 1929 on 12 plots of Series C, have functioned 
effectively and uniformly. The tile discharged water for several weeks 
after rains, although the tile lines were only 12 rods in length. This 
showed that the soil water moved through the clay subsoil at an ex
tremely slow rate. No measurements have been made to determine 
the effect of the various chemical treatments on the permeability of the 
soil. 

The Use of Finely Ground Limestone on Legumes. (W. A. Al
brecht). Trials were undertaken on several farms representing various 
soil types to study the possibility of applYlng small amounts of 30 mesh 
limestone drilled directly into the soil. Five locations were selected and 
included seedings of both red and sweet clover. The dry spring season 
resulted in poor stands of the young legumes and no observations can 
therefore be reported. 

The Nitrification of Sweet Clover. (W. A. Albrecht). This study 
was made on plots 2 and 9 of Sanborn Field. Plot 2 has received heavy 
applications of commercial fertilizer and has grown wheat continuously 
for over 40 years. Plot 9 also has been in wheat continuously, but 
without any treatment. According to chemical anaiysis, plot 2 ""as very 
low in llitrogen content. Plot 2 handled the sweet clover for nitrate 
production with a significant accumulation of ammonia for six weeks and 
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Fig. IS.-The effect of the avai labi lity and concentration of cakium in the early growth o f lOY " 

beans. (AmOtuH of calcium per jar incrcuca from left to right). (Upptr pic/uri) Planta Rrown in a 
mediu m contai ni Ilg/ru, ionic caleiu mat various concentration •. NodampingofT occurs. (Middlt piC/lift): 

Plants grown in n medium containing abJorbtd, 1."CCnanfabll calcium. Damping off occurs only under 
low ca lcium concentrations (Lowtr pje/,",) Plant. grown in a medium containing ca lcium fixed in 
the crystll l inttice . Damping olT occur. at all calcium concentration •. 
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then a decided nitrate production. The outstanding fact of the study 
was the slowness of plot 9 to produce nitrates without lime. Ammonia 
accumulated for eight to ten weeks and the nitrate production was very 
slow. The application of lime influenced nitrate production marked'ly in 
this plot while it had no marked effect on plot 2. Plot 2 had been re
ceiving calcium-phosphate and showed no marked effects on nitrification 
when limestone was applied. The calcium of the phosphate had probably 
been causing the nitrification to proceed regularly in these plots while in 
the unlimed, unfertilized plots, nitrification had not so proceeded and 
lime applications had a decidedly stimulating effect on nitrification. 

The Influence of Nitrogenous Fertilizer on the "Firing" of Corn. 
(M. F. Miller, J. F. Lutz). A greenhouse experiment has been conducted 
in which varying soil moisture contentl' and varying amounts of nitrogen 
were used with standard applications of phosphate and potash as a 
basic treatment. Liberal applications of nitrogen applied as a side dress
ing to corn when it is about 18 inches in height was quite effective in 
retarding the dying of the lower leaves under drought conditions. Appli
cations of nitrogen with potash and phosphate at planting time increased 
the number of dead leaves following a drought period, but where nitro
gen was applied as a side application to these same treatments the num
ber of dead leaves was reduced. In field experiments the side dressings 
of nitrogen have invariably increased the yield. These results must be 
substantiated through a longer series of years. 

Soil Experiment Fields. (M. F. Miller, H. H. Krusekopf). Two new 
experiment farms for soils and crops investigations have been established. 
One is located four miles southwest of Green Ridge, in Pettis county. 
The soil type is Oswego silt loam, and represents the extensive level 
prairie of west cen tral Missouri. Fifty of the 120 acres in the farm will be 
used for soil fertility investigations. Special attention has been devoteGl. 
to corn fertilization, the use of lime, and legumes for green manure. 
Three different projects were started during the spring of 1930. 

The other farm has been located three miles north of Sikeston, in 
the lowland region of southeast Missouri. The soil is a brown sandy 
loam (Lintonia) and representative of the Sikeston Ridge area. The 
farm contains 53 acres. Special attention will be given to soil fertility 
investigations and to cotton fertilization. \ 

The Longevity of Legume Bacteria. CW. A. Albrecht, Lloyd M. 
Turk). This project has been completed and the results are reported in 
Research Bulletin 132, "Legume Bacteria with Reference to Light and 
Longevi ty". 

Crop Rotation and Fertilizer Experiments. (M. F. Miller, H. H. 
Krusekopf). This year completed the forty-second year of continu~us 
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cropping on Sanborn Field. The unfavorable physical condition of the 
soil on those plots growing the same crops continuously has become 
apparent. Unfavorable weather conditions such as excessive rains or 
dry periods, cause the soil to "bake" and "crust". A satisfactory stand of 
clover can now be rarely obtained on those plots receiving no soil treat
ment. Low yields for all untreated and one-cropped plots are becoming 
usual occurrences. Frequent heavy applications of fertilizer apparently 
have not modi:-ed in any waf the physical properties of the soil. 

Certain soil treatments have had a definite effect on the character 
and dominance of certain weed species. On plot 29, ",heat continuously 
and treated with ammonium sulfate, pepper grass (Lepidium virginicum) 
has become the dominant weed. Ninety per cent of \\ eed growth on plot 
30, receiving sodium nitrate, was Bracted Plantain (Plantago aristata). 

Commercial Fertilizer on Com. ·(M. F. Miller, H. H. Krusekopf). 
During the 1929 season th.e rainfall was excessive until July. It was then 
follo~ed by a severe drought ",hich reduced the average yield to about 
25 bushels of corn to the acre. The results from fertilizer treatments 
on these plots have generally been poor during such seasons. The 
entire period during which these experiments have been in progress 
showed that the application of a mixed fertilizer low in nitrogen as a side 
dressing at the second or third plowing has not been profitable. Rather 
ordinary results have been secured with mixed fertilizers of medium to 
low grade applied at the time the corn was planted. The treatments 
have been changed so as to include fertilizer of higher analysis along 
with the use of nitrogen fertilizers as side dressings when the corn was 
about 18 inches high. 

The Influence of Climate on the Nitrogen Content of Soil. 
(Hans Jenny). The effect of temperature has been studied 
previously. The influence of moisture in regions of constant temperature 
has been given special attention this year. It has been found that both 
in cold and temperate, as well as in subtropical regions, the average 
nitrogen content of grassland soils increased logarithmically with in
creasing moisture (precipitation-evaporation ratio). Subtropical timber 
soils apparently showed no correlation with rainfall, at least within 
the experimental range studied. In temperate timber soils, however, 
the nitrogen and organic matter content increased slightly with increas
ing moisture factors. The carbon nitrogen ratio of that region was 
approximately constant, namely 11.3. 

After the nature of the two curves connecting the variation of soil 
nitrogen with temperature and moisture were established experimentally, 
the two fu~ctions were combined into a general nitrogen climate func-
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tion through integration of a partial differential equation. Generallv 
speaking, the nitrogen content of (cultivated) grassland soils decreased 
exponentially from north to south (increase of temperature) and increased 
logarithmically from west to east (increasing moisture). The soils of the 
southern states contained on the average less nitrogen than northern 
soils. The increase of soil nitrogen through green manuring practices in 
southern regions "ill meet great difficulties because of rapid decompo
sition of organic matter due to high temperatures and favorable moisture 
condi tions. 

Nitrogen Accumulation in Exposed Subsoils. (M. F. Miller, H. H. 
Krusekopf). It is difficult to increase the nitrogen content of the average 
soil in the latitude of Columbia above its present level of about .12 per 
cent nitrogen (2400 pounds in surface 2,000,000). However, a series of 
studies have been started on plots from which the surface soil has been 
removed leaving the subsoil exposed. Two such plots have been under 
experiment for five years, along with a similar plot from which the soil 
has not been removed. One of these exposed subsoils has been cropped 
to small grain and a clover and grass mixture whenever a stand could 
be secured and the other has been cropped in the same manner, but it 
has been limed and fertilized liberally. 

During this five-year period the surface seven inches of the treated 
subsoil plot, which has produced heavy crops of sweet clover along with 
fair crops of wheat, had increased in nitrogen from .083 to .090 per cent. 
The nitrogen content of the untreated subsoil plot and the plot from which 
the soil had not been removed has remained practically stationary. A 
nitrogen content of .11 or .12 per cent in the surface soil is near the level of 
equilibrium fbr the average soil in this latitude under ordinary systems 
of cropping and n,anuring. It is important to have a good supply of 
nitrogen returned to the soil during each rotation through crop residues, 
manures, and fertilizers as a "nitrogen turnover", rather than to attempt 
to push the nitrogen content much above its present level. 
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VETERINARY SCIENCE 

J. W. CONNAWAY" Chairman 

Blackhead (Entero-Hepatitis) in Turkeys (A. J. Durant).-Black
head in turkeys may be prevented by cecal abligation. See Missouri Agri
cultural Experiment Station Research Bulletin 133. There are two things 
which prevent the practical application of this operation : (1) The fact 
that the mortality from the operation itself is high; (2) Abligated birds 
have developed an enlargement of the ceca in from seven to thirty-two 
months after they are abligated. 

B. coli communior was regularly present in pure cultures in the abli
gated ceca. This organism may have some definite etiological relation 
to the enlargement of these organs. 

In an effort to sterilize abligated ceca, a four -per-cent formalin solu
tion was injected into the ceca immediately after they were abligated, 
using from two to four c. c. Five adult birds were so treated. One died 
as a result of the operation. The one receiving a four c. c_ of a four-per
cent solution of formalin was very ill as a result of the use of such a large 
dose. The four surviving birds have been under observation for periods 
ranging from 272 to 418 days. There was no evidence of enlargement of 
the ceca. One bird was autopsied at the end of 272 days without showing 
evidence of enlargement of the abligated ceca. One of the birds on a 
balanced diet and under favorable conditions from July 21 to March 24, 
1930, was put under unfavorable conditions on a poorly balanced diet. 
Thirty-eight days later the bird died with all the symptoms of blackhead. 
Autopsy revealed that though the bird was completely abligated a stump 
of each cecum remained on the main gut. These stumps were 25 m. m. 
long and sufficiently pouched to hold a small amount of fecal material. 
In one of the pouches there were 15 small pieces of gravel and a typical 
ulcer of blackhead. Several typical abscesses of blackhead were present 
in the liver. 

In performing abligation in the ceca the organ should be separated 
from the main gut as near as possible to the latter organ. It is possible 
that if the bird had been kept under favorable conditions it would not 
have developed blackhead. 

Observations on the resistance of abligated turkeys have been 
continued. Ten abligated birds have been continuously exposed to in
fection for a period ranging from 282 to 779 days. Two of the birds 
have died of blackhead. They had been exposed to very unfavorable 
conditions of feed and environment. 
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7. Pa rt of the reetllm. 

Agglutination Tests Made for Contagious Abortion in Cattle and 
Swine (E. F. Sanders). During the year a total of 10,437 aggl u tination 
tests were mad e in 702 herd s in the State representing 90 cou nties. A 
total of 2,069 positive reac tions were obtained out of the 10,437 samples 
test d. 

This method of controllin g and eradicating contagious abortion has 
grown rapid ly in favor. T sts have been made on herds in 90 counties. 

Diagnostic Service on Poultry Diseases and Rabies (A . J. Duran t, 
H. C. McJ)oLlgl ) .- D\.Iring the year a total of 5,227 specime ns were 
exami ned, 55 of which were for rabies and two for running fits in dogs. 
There we re 3,642 sa mpl es of blood tested for pul10rum disease, Ninety 
counti es of th e State were represented in thi s diagnostic servi ce. 

TAIILE 27 . DI SEASE S RE PRESENTED IN SPECIM ENS EXAMINED DY POULTRY AND DO G 

PATHOLOGY LAIIORATORY 

Di sease No. of 
Cases 

Disease No. ot 
Cases 

B. Coli Infect ion ____________ _ 
Bla ck head __ _____ ___ __ ___ ______ _ 
Botul is m ____ _____ ____ __________ _ 
BumbleIooL __________________ _ 
Broke n egg __ :.. 

10 Baci llar y white diahrrh ca _ 363 
14 Bacillarywhitediarrhea&worms __ 3 
9 CholerL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 89 
2 Cholera & Paralysis________ ___ __ __ 7 
8 Cholera,Worms& Paralysis ______ _ 2 
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TABLE 27-CONTINUED 

No. of 
Cases 

Disease 

10.1 

No. of 
Cases 

Cholera and worms_______________ 5 Paralysis ________________________ 78 
Coccidiosis ______________________ 121 Paralysis and roup_______________ 4 
Coccidiosis & Blackhead _ _ _ _ _ _ _ _ _ _ 2 Paralysis and tumoL _ _ _ _ _ _ _ _ _ _ _ _ _ 2 
Coccidiosis and Paralysis__________ 4 Paralysis and worms ______________ 36 
Coccidiosis arid worms________ ____ 31 Paralysis and Broken egg_ _ _ _ _____ 4 
Coccidiosis, worms and paralysis- _ _ 3 Phosphorous poisoning_ _ _ _ _ _ _ _ _ _ _ 3 
Coccidiosis, worms & tumoL _ _ _ _ _ _ 1 Prolapse. of oviduct__ _ _ _ _ _ _ _ _ _ _ _ _ _ 1 
Crop Bound_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1 PyometrJtls- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1 
Egg Bound_____________________ _ 1 Rickets_________________________ 3 
Examined feed _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 3 Roup _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 16 
Examined for Rabies- ________ ____ 55 Roup & Trachitis________________ 5 
Examined for Pork tuberculosis____ 1 Roup & worms__ ________________ 3 
Hydrocephal us_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1 Running fi ts_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 2 
Indigestion_ _ __ _ _ _ _ __ _ _ __ __ __ _ _ _ _ 5 Stomach worms_ ___ _ _ __ ____ ______ 1 
Internal layer ____ _______ __ ~ _ _ ___ _ 2 Tape worms-______ _ _ _ _ ___ _ _ ____ _ 1 
Leukemia_ _ _ __ _ _ __ _ _ __ __ ______ _ _ 27 Trachitis__________ __ _ _ _ __ _ _ _ __ __ 2 
Leukemia, Paralysis & Chicken Pox_ 5 Trachitis and tumor _ _ _ __ _ __ __ ___ 4 
Leukemia, tumor, eversion of oviduct 4 Trichomoniasis_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 4 
Leukemia, tape worms & Paralysis_ _ 4 Tuberculosis _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ __ 37 
Malnutrition_ _ _ _ ________________ 24 Tuberculosis and worms ______ ~____ 3 
Malnutrition & Broken egg________ 2 Tuberculosis and Trachitis_________ 2 
Malnutrition & Lice______________ 2 Tumor__________________________ 5 
Malnutrition & Paralysis _________ 13 Tumor and Paralysis________ ______ 5 
Malnutrition & Vent GleeL _ _ _ _ __ _ 2 Typhoid____ ___ ___ _ __ __ __ _ _ _ __ ___1 
Malnutrition & Worms___________ 4 Worms ____ ______________ _______ 57 
Mange__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1 Too decomposed_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 37 
NormaL _ _ _ _ _ __ _ __ __ _____ _ __ _ _ _ _ 4 Undetermined __________ _________ 11 7 
Otitis Media______________ ______ 3 

Total out cases 1272 
Birds from Poultry Dept. 413 
Agglutination tests for PuUorum 

Disease 3642 

Grand totaL ____________________ 5227 

ZOOLOGY 

w. C. CURTIS, Chairman 

Correlation of Cytoplasmic Storage in Germ Cells and Early Stages 
of Growth and Development in Domestic Animals (Mary T. Guthrie).
The growth of the oocyte in its follicle and the formation of storage prod
ucts in the cytoplasm, are in preparation for the development of the 
oocyte if fertilized into a new individual. The work has been almost 
entirely confined to the study of the storage period. However, the col
lection of tubal and uterine eggs has been started. 

Swine have furnished the chief source of material, on account of 
local slaughtering conditions and the wealth of observations by other 
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investigators that can be correlated with this study. In addition to fixa
tion by some half dozen complementary methods and preparation of 
permanent slides for study a considerable number of records have been 
made of conditions in living oocytes, teased from fresh ovaries and exam
ined under oil immersion with or without vital staining. Interesting re
sui ts have been secured on the cytoplasmic structures of the oocyte, as well 
as on the origin and structure of the zona pellucida, and the role of the 
leucocytes in atresia. In connection with the study of the living material, 
records have been kept of follicular size and oocyte size in order to de
termine whether their growth cycles were simultaneous or sequential. 
The growth cycles were apparently sequential, altho it was impossible 
to determine how much, if any, overlapping occurred. 

The growth period during oogenesis in representatives from each 
class of bony vertebrates has been studied with special reference to iden
tification and interp'retation of the cytoplasmic inclusions. Cells have 
been fixed by numerous procedures for cytological investigation. Stained 
and unstained living cells have been examined by transmitted and 
dark-field illumination. 

Mitochondria, neutral fat-drops, pseudoyol'z spheres, proteinaceous 
yolk, and fatty yolk globules can be identified after fixation. These 
bodies were visible in favorable material in the living, unstained cells. 
Certain droplets stain red with neutral red, and blue in solutions of Nile
blue sulphate. The neutral red reaction would identify them as Golgi ele
ments according to some investigators. However, it was not clear that 
Golgi elements, as distinct from other types of inclusions, were present. 

Mitochondria were found in the smallest oocytes of all the animals 
studied, and, in some forms, neutral fat was also present. In all cases, 
neutral fat and pseudoyolk spheres were deposited as conspicuous growth 
began. Some mammalian oocytes . possess only such inclusions when 
mature. In all other forms, proteinaceous yolk vesicles appeared at a 
period characterized by indications of nuclear contribution to cytosome. 
Certain mammalian oocytes reached this stage. In telolecithaloocytes, 
fatty yolk spheres were the last type of inclusion to be formed. Other 
inclusions dec~eased in quantity as yolk was deposited, but without 
evidence of direct transformation into yolk. Proteinaceous yolk was 
transformed into fatty yolk. Cytoplasmic inclusions were interpreted as 
materials stored during periods of increased assimilation or decreased 
dissimilation in cells. 
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FINANCIAL STATEM.ENT 

For the Fiscal Year Ending June 30,1930 

Expenditures from Federal Funds 

Classification 

Salaries _________________________ ___________ _ 

Labor _________ .- ------------ - ---------- -- --
Stationery and office supplies ______ _________ __ _ 
Scientific supplies, consu'mable _______________ _ _ 
Feeding stuffs _________________________ ____ _ _ 
Sundry supplies _____ _____ __ _________________ _ 
Fertilizers ___ ______ ___ ____________ __________ _ 
Communication service _____ __________ ___ __ __ _ 
Tra vel expenses _____________________________ _ 
Tran.sHo:ta tion of things ____ _____ ______ ___ ___ _ 
Publlcatlons ______________________________ __ _ 
Heat, light, water, and poweL ______________ __ _ 
Furni ture, furnishings, fixtures _______________ _ _ 
Li ~rar'y - - - - - .- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -SClentific eqUlpment. ____ __________________ - __ 
Livestock _____________________ _____ ________ _ 
Tools, machinery, and appliances ____ ___ ___ ___ _ 
Buildings and land __________________________ _ 
Contingent expenses _________________________ _ 

Hatch 
Fund 

7,980.76 
3,295.44 

188.66 
72.98 

1,232 .71 
254.06 
22.21 

167 . 53 
191. 75 
124 .68 
163 .79 
26.50 

261. 88 
422.53 

19 . 54 
14 .00 

148.95 
391 .33 
20.70 

Adams 
Fund 

Purnell 
Fund 

3,174.19 22,919 .49 
4,881.50 13,863.48 

79 .70 607.90 
1,168.34 2,567.11 
2,585.70 4, 729.60 

547.37 2,172 . 50 
13.89 20.00 
2.75 273. 98 

173.54 

61.16 
91.98 
9.60 

1,252.35 
316 . 10 
426.98 
214.85 

1,709.88 
753.35 

1,563 .26 
341.15 

1,036.09 
20.91 

4,423 .07 
957.77 
841. 88 
830 . 24 
368.32 

TOTAL 15,000.00 15,000.00 60,000 .00 
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