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Work of the Agricultural 
Experiment Station 

Progress During the Year Ending June 30, 1935 

F. B. MuMFORD, Director 

S. B. SHIRKY, Assistant to the Director 

The Missouri Agricultural Experiment Station continues to devote 

its efforts to the solution. of agricultural problems. It interests itself, 

likewise, in the social institutions of the rural community and in farm 

life generally. It is responsive to changing conditions; it is the first to 

note important trends in agricultural enterprise. It has in recent 

years made significant contributions to the economics of agriculture 

and its relation to other industries. Its record of achievement is an 

open book. The results of its work are significant and measurable. 

The annual Director's Report is a record of the advances made in the 

solution of the farmer's problems and the discoveries which may be 

applied to the business of farming. 
The most significant measure of work accomplished, however, is 

to be found in the changes in agricultural practice and in rural life 

which have resulted from the investigations of the Experiment Station. 

Systems of farming, readjustments in farm management practices, 

and production plans have all been profoundly influenced. The Mis

souri farmer today has a basis of established fact upon which he may 

confidently depend. 
The investigations of the Agricultural Experiment Station are 

comparable with the service available to the manufacturing and other 

industries. These industries, by reason of their intelligent foresight, 

recognize the fact that their future depends upon taking full advantage 

of the techniques of scientific research. It is true that the expenditures 

for scientific research by the manufacturing industries represent a far 

greater investment than the amounts available for agricultural re

search. Agricultural research, as represented by the agricultural ex

periment stations, likewise is to be sharply distinguished from industrial 

research, in that it is entirely supported by the Federal and State gov

ernments and therefore is entirely in the interests of the public welfare. 

Every discovery and every new practice based upon scientific research 

is immediately available for the entire industry. 

The Missouri Experiment Station recognizes the fact that the 

success of the agricul~ural industry is profoundly influenced by na

tional and international economic policies, and that more and more 

· the Station must interest itself in agricultural economics-in the prob

lems of distribution, marketing, farm credit, tariffs, and even the 
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tariffs, quotas, and embargoes of foreign countries that during recent 
years have closed foreign markets to our agricultural commodities. 

The problems of the farm home are equally important with the 
problems of production and distribution. The Experiment Station, 
therefore, is developing important home economics projects dealing 
with the preparation of foods, the diets of farm people, clothing, the 
furnishing and equipment of farm homes, water supply, sewage, and 
adequate housing for farm people. 

Land utilization has come to be a national problem. The policies 
of national, state, and local governments in the past have been too 
generally concerned with the settlement of all lands, regardless of their 
agricultural value. Not all land is agricultural land. It is entirely 
possible that today thousands of farmers may be cultivating land that 
under present conditions will not provide an adequate standard of 
living. Many of these farmers have been on relief during the depres
sion. This situation never before existed in the United States. It 
should never exist again. This problem also is one requiring solution 
by the Agricultural Experiment Station. There are many thousand 
farmers in Missouri, located on land which is of very low fertility. It 
is, however, the sole basis of economic life for the people living on these 
lands. It seems certain, therefore, that the Agricultural Experiment 
Station must devote more and more attention to the utilization of land 
of low productive capacity. Systems of farming must be discovered 
that can be more nearly adequate to the necessities of people located on 
such land. We need only to observe similar developments in the 
thickly populated foreign countries to know that these conditions may 
be substantially improved and these lands made more nearly adequate 
for farm living. There are types of agriculture that are successfully 
conducted on farms of similar fertility in many foreign countries. It 
is certain that we are facing a period in our agricultural history when 
there will be an increase in the number of farmers in this country who 
necessarily will follow a system similar to the systems followed by the 
pioneer farmer-a system which we call self-sufficing agriculture. 
Science may contribute to the solution of this problem, and the lives 
and destinies of people on such lands may be made brighter and happier 
by reason of the work of the Agricultural Experiment Station. 

This does not mean that less attention will be devoted to what we 
generally designate as commercial agriculture. It does not mean that 
less attention will be given to the problems of efficient farmers on good 
soils and whose agricultural enterprises are conducted under more 
favorable conditions. · 

The Missouri Agricultural Experiment Station is fortunate in the 
character of the personnel constituting its effective working staff. 
There have been few changes in the important positions of leadership 
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in the Experiment Station. There have been brought together a group 
of investigators of the highest scientific attainment. They represent 
the best product of the best agricultural institutions of the United 
States and foreign countries. For this reason, we may confidently 
expect even greater and more important contributions to agriculture 
than have so far been obtained. 

It is important to remember that research is the foundation upon 
which all the successful enterprises of the College of Agriculture depend. 
Effective college teaching and sound extension practices are based 
upon the investigations of the Experiment Station. We have not 
yet sufficiently appreciated the soundness of the educational policies 
responsible for the remarkable growth and development of col
leges of agriculture and their very general approval by statesmen, 
business leaders, farmers, and all citizens interested in the general 
welfare. In the College of Agriculture we have provided an organiza
tion for the sound training of promising young men and women who 
will be the leaders in agricultural development and rural life. We have 
provided a well-organized, competent, and efficient research division 
which is continually establishing the truth of present agricultural 
methods and discovering new truths and facts essential to a growing 
and developing industry. We have completed this educational system 
by establishing an agricultural extension service, the function of which 
is to bring quickly to the attention of farmers and others the results of 
research, and successful and profitable practices of good farmers 
everywhere. 

During the current year the services of the Agricultural Experi
ment Station have been in great demand by a large number of Federal 
agencies requiring exact information on many problems of state and 
national importance. Some of these services may be grouped under 
the general classifications of Land Use, Land Planning, Rural Rehabili
tation, Soil Conservation, Development of National Forests, Agri
cultural Readjustments, Rural Electrification, and other programs. 

The contributions of the agricultural experiment stations to the 
economic and social life of the American farmer are of great value. 
Experiment station workers have been amazingly industrious. The 
completed work is a record of continued development and of signifi
cant importance. But great as are these accomplishments, the achieve
ments of the past are to the achievements of the future as the size of 
a mustard seed is to the height of the loftiest tree in the forest. We 
do not riow know what shall be accomplished, nor what revolutionary 
practices may result from our research; but with a profound faith in 
the future and a firm confidence in the essential integrity of mankind 
we do know and confidently believe that a vast vista of opportunity 
is opening before the American farmer in which we seem to see a better 
and a happier day. 
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Experiments in Progress During the Year 
Ending June 30, 1935 

ANIMAL HUSBANDRY 

E. A. TRoWBRIDGE, Chairman 

Fall Feeding Yearling Steers on Pasture and in Dry Lot. (L. A. 
Weaver, J. E. Comfort, H. C. Moffett). Eight lots of thin yearling 
steer cattle of choice quality were full fed a ration of 10 parts shelled 
corn and 1 part cottonseed cake in dry lot and on pasture for varying 
lengths of time ranging from 126 days to 182 days. The cattle at the 
beginning of the investigation averaged 537 pounds and were sold at 
varying weights in accordance with the length of the feeding period. 

Cattle fed in dry lot for 126 days gained more rapidly and eco
nomically and sold slightly higher than similar steers fed on pasture. 
Where the cattle were fed for 182 days there was less difference in the 
rate and economy of gain than for the shorter feeding period, but the 
dry lot cattle looked slightly fatter and sold twenty-five .cents higher 
than the pasture fed cattle. The cattle fed on pasture for a portion 
of the time, then transferred to dry lot did not gain as rapidly during 
the grazing period but gained much faster after they were put in the 
dry lot than similar cattle which had been fed in dry lot the entire 
period. 

The carcasses of the cattle fed in the dry lot 126 days were better 
finished with somewhat whiter fat than similar cattle fed on bluegrass 
pasture. There was little difference in the finish on the carcasses of 
cattle fed in dry lot and those fed on pasture for 182 days but the car
casses yielded by the dry lot steers carried whiter fat. The carcasses 
from steers which had been fed on pasture during the first part of the 
feeding period and then transferred to dry lot were as well covered 
and nearly as white as the carcasses from the dry lot steers. 

Winter Rations for Beef Calves (E. A. Trowbridge, H. C. Moffett). 
The feed supply following the drought of 1934 was far below normal. 
The corn grown over most of Missouri developed few or no ears. Farm
ers insofar as possible salvaged the fodder and produced as much 
winter pasture as possible. Silage and fodder from the drought 
stricken corn crop and winter barley pasture were used in experimental 
rations for wintering beef calves. 

Six lots of choice steer calves were wintered mainly on silage and 
fodder from drought stricken corn. Alfalfa hay, cottonseed meal, and 
barley pasture were used as supplements in various combinations. 
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The calves weighed an average of 353 pounds when the experiment 
began and gained an average of 91 pounds during the 112 day test. 
Where fodder was fed as the main source of roughage about half as 
many pounds were consumed as where silage was fed. The gain pro
duced by the calves fed on the silage was approximately 20% more 
than the gains produced by the fodder fed lot. 

A lot receiving 4 pounds of alfalfa hay to 25 pounds of silage was 
compared with a lot receiving 1 pound of cottonseed cake to 29 pounds 
of silage per head daily. The lot receiving the alfalfa hay gained 51 
pounds more and required 390 pounds less silage per head during the 
112 day period. 

One lot was fed upland fodder from drought stricken corn supple
mented by 4 pounds of alfalfa hay. Another lot was fed similar fodder 
and received one pound of cottonseed cake. The gains produced by 
the two lots were the same but the lot receiving the alfalfa hay re
quired 234 pounds less fodder during the period than the lot receiving 
the cottonseed cake. 

Another lot was fed fodder from drought stricken corn and winter 
barley pasture. A similar lot was fed in the same way with an addi
tion of one pound of cottonseed cake per head daily. The lot receiving 
the cottonseed cake on winter barley gained 30 pounds more per head 
than the lot fed on winter barley alone. 

Creep Feeding Winter Calves (E. A. Trowbridge, J. E. Comfort 
M. W. Hazen). In cooperation with Sni-A-Bar Farms and the United 
States Department of Agriculture. Ten winter steer and heifer calves 
running with their dams on bluegrass pasture were creep fed a grain 
ration composed of 8 parts shelled corn and 1 part cottonseed meal. 
They gained 371.2 pounds per head during the season. This was 79.5 
pounds less than the gain in weight made by a similar group of calves 
on the same amount of grain in 1933. The difference was due to the 
extreme drought during part of the grazing season which reduced the 
bluegrass and milk for these calves. They were slaughtered at 12 
months of age when they weighed 693.2 pounds. The carcasses 
graded good to choice. The fat covering was uniform but had a 
creamy colored tinge which possibly was due to continuous bluegrass 
consumption. 

Comparative VB.lues of Legume Hays for Wintering Native Calves 
(E. A. Trowbridge, J. E. Comfort, M. W. Hazen). In cooperation 
with Sni-A-Bar Farms and the United States Department of Agri
culture. Alfalfa, soybean, and lespedeza hays have been compared 
for wintering summer steer calves. Three lots of 11 high grade Short
horn steer calves born in the summer were fed during the following 
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winter a limited grain ration and all the hay that they would eat. 
The grain ration was composed of 12 parts of shelled corn and 1 part 
of cottonseed meal and was fed at the rate of 4.4 pounds per day. 
Alfalfa, soybean, and Korean lespedeza hays were fed to the respective 
lots for 140 days. For 58 days during midwinter the calves were fed 
2.84 pounds of Atlas sorgo silage daily. The calves receiving 7.31 
pounds of alfalfa hay daily gained 1.58 pounds. Those receiving 
7.97 pounds of soybean hay daily gained 1.42 pounds. Those re
ceiving 7.08 pounds of Korean lespedeza made an average daily gain 
of 1.40 pounds. The steers in all lots were classed as fleshy feeders 
at the end of the 140 day feeding period. There was little difference 
in the degree of finish in the three lots. 

Molasses-Alfalfa Supplements to Grain Rations for Calves (E. A. 
Trowbridge, J. E. Comfort, M. W. Hazen). In cooperation with 
Sni-A-Bar Farms and the United States Department of Agriculture. 
Two lots of high grade native Shorthorn fall steer calves were fed 
shelled corn and cottonseed meal in the proportion of 8 to 1 and alfalfa 
hay for 168 days while nursing. One lot received 1 part of a 15% 
protein molasses-alfalfa supplement in addition to the corn and cotton
seed meal. During the nursing period the calves in both lots ate a 
daily ration of approximately 4 pounds corn, 7f pound cottonseed meal 
and 2 pounds hay and the one lot ate in addition 7f pound daily of the 
alfalfa-molasses mixture. The gains made were approximately 2.2 
pounds daily in each lot and little difference in the finish of the lots 
was observed at weaning. After weaning the calves were continued 
on the same rations in dry lot for 168 days. The steers receiving the 
molasses-alfalfa supplement gained 273 pounds which was 12 pounds 
greater than the gain on the steers in the other lot. The cattle getting 
the supplement appeared somewhat fatter and were valued at 35 
cents more per cwt. 

A Comparison of Systems of Grazing Bluegrass Pastures (J .E. 
Comfort, E. M. Brown). In cooperation with Sni-A-Bar Farms and 
the United States Department of Agriculture and the Departments of 
Field Crops and Soils. Various systems of grazing have been tested 
at Sni-A-Bar Farms for four years. The extreme drought of 1934 
made it necessary to remove the yearling heifers fr'om all of the experi
mental biuegrass pastures on July 19. However, even with the ex
treme drought the heifers on the rotation grazing pasture made a gain 
of 104.7 pounds per acre in the 99 days, which was 94.8% of the average 
gain made on this pasture during each of the three previous seasons. 
Korean lespedeza seeded in winter barley survived in spite of the un-
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favorable season. The heifers grazing this Korean lespedeza from 
August 24 to October 6 made a gain of 90 pounds per acre which was 
84.6% of the average gain on this field during the two previous seasons. 

Winter Barley Pasture for Livestock (J. E. Comfort). A 24-acre 
field on the University South Farm was seeded to winter barley August 
27, 1934 at the rate of 6 pecks with 200 pounds of 4-I2-4 fertilizer 
per acre. The seeding followed the unusual drought of I934 and the 
fall was particularly favorable for this crop. It was pastured heavily 
by 33 cows and 3 calves from October 10 to November 21. Also I6 
stocker calves grazed this field during the period December I8 to April 
9 whenever the ground was not too wet. From May 1I to June I, a herd 
of 27 cows and 7 yearling heifers grazed continuously. Also 11 mares 
and 3 fillies were on this pasture all or part of the time from May 6 to 
June 1. Thus, the pasture furnished 1,334 animal unit days of grazing 
in the fall of 1934 and 894 animal unit days in the spring of 1935-a 
total of 2,228 animal unit days, or 92.8 such days per acre. (An animal 
unit day is counted as one day grazing for one cow or horse.) 

Fat Lamb Production (L. A. Weaver, Albert A. Dyer). Two lots 
of lambs born early in the season were handled in a similar manner 
except one lot was fed shelled corn in a creep while the other lot re
ceived no grain. The grain fed lambs gained an average of .47 pounds 
daily as compared with an average of .41 pounds daily for the lambs 
not receiving grain. The lambs fed grain graded slightly higher than 
those fed no grain. It required approximately 450 pounds of corn 
for each additional 100 pounds of gain produced. 

In a second project late lambs from native ewes were permitted 
to run with their mothers on pasture until weaning, at which time 
they were in feeder lamb condition. They were divided into four 
uniform lots and handled as follows: Lambs in Lot I remained in dry 
lot during the experiment and were full fed grain and hay twice daily. 
The grain consisted of corn 10 parts, cottonseed cake 1 part by weight. 
The hay was a good grade of alfalfa. Lambs in Lot 2 were grazed 
throughout the day, driven in at night, fed grain and remained in dry 
lot until after the morning feed. Lot 3 was on pasture throughout 

the period and received no grain. These three lots were fed 70 days 
and marketed. Lot 4 received only pasture for 112 days and then was 
fed grain and alfalfa hay twice daily in dry lot for 27 days. The car
casses produced by the lambs in Lots 1, 2, and 3 were graded Choice 
and Good. Lot 3 sold for 40 cents less per cwt. than Lots I and 2. 
The lambs in Lot 4 brought top market price on the day they were 
sold, indicating that they were satisfactorily finished. 

Composition of Com Fodder and Silage Grown in a Drought 
Season (E. A. Trowbridge, A. G. Hogan). Following the drought of 
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1934 corn silage made from two different sources was used. One was 
from corn grown in the Missouri River bottoms and the other from 
corn grown on the uplands in Boone County. Neither lot produced 
any appreciable number of ears. 

Corn fodder of two varieties also was used. One lot consisted of 
corn grown in the river bottoms from which 30 bushels of ear corn per 
acre had been removed, the other upland corn which produced prac
tically no ears. The chemical analyses of these feeds ·are shown in 
Table 1. 

TABLE I.-ANALYSIS OF CoiN FoDDER AND SILA GE (DROUGHT SEASON 1934). 

Carbohydrates 
Water Ash Crude N-Free Fat 

Protein Fiber Extract 

Silage from Missouri River 
Bottom Corn ____________ 70 . 80 2.98 3.00 7.42 15.21 0.59 

Silage from Upland Drought Corn ___________________ 76.54 1. 73 2.64 6.28 12 . 27 0 . 54 

Corn Fodder, River Bottom, 
30 bu. Corn per Acre ___ _ 25 .00 6.10 7.05 23 .37 37.71 0.77 

Corn Fodder, Upland Corn_ 25.00 5.72 9.56 22 .64 36 . 39 0.69 

Rations for Brood Sows (A. G. Hogan, S. R. Johnson). It is 
commonly supposed that a ration of corn, tankage, linseed oil meal, 
and a small amount of alfalfa meal is entirely adequate for brood sows. 
However, if the animals are rigidly restricted to this ration, without 
access to forage, many of the pigs become abnormal in some respect 
during the suckling stage. The most common symptom is an intense 
diarrhoea, which may appear any time during lactation. The affected 
pigs become very unthrifty and fail to gain in weight. Another type 
of abnormality is a form of paralysis. In the early stages the pigs 
often have a very peculiar gait, and at each step throw the hind legs 
almost up to the body line. The next stage is a characteristic paralysis. 
The control of the legs is lost, the pigs are unable to stand, and ap
parently the muscles of the loin and thigh atrophy. Unless appro
priate treatment is given the mortality is practically 100%. On post 
mortem examination pathological conditions were found in practically 
every case, the livers were enormously enlarged, very light in color and 
very tender and brittle. 
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Scattered reports of this condition have been reported previously 
and it has been assumed that it is due to a lack of Vitamin A. This 
did not seem plausible since the ration used in this investigation con
tained three good sources of Vitamin A; yellow corn, alfalfa meal, and 
cod liver oil. The sows on the basal diet showed greater mortality 
among their litters and an attempt has been made to see if the abnor
malities were due to faulty nutrition, by giving various vitamin carriers 
directly to the young pigs. 

Wheat germ oil had been found very effective in preventing the 
abnormal gait in earlier experiments. This substance did decrease the 
severity of the symptoms but it did not prevent the mortality in the 
very young pigs or relieve the diarrhoea. The next material inves
tigated was a plant extract prepared by macerating green barley and 
expressing the juice. It was quite effective both in preventing or 
healing paralysis, and in healing diarrhoea. Dried brewer's yeast also 
was effective but the pigs that received it did not have the clear skin 
and smooth hair characteristic of those that received the plant extract. 
The original intention had been to determine whether the abnormalities 
observed were due to a lack of Vitamin A so the ration was compared 
with a ration containing 3% of cod liver oil. An unexpected and sur
prising result was that the cod liver oil was toxic. When the rations 
contained 3% cod liver oil more of the pigs were dead at birth and 
apparently the fl.ow of milk was reduced. The toxicity of the oil in
creased as the quality of the ration decreased. Apparently the ration 
vo;,as deficient in some vitamin essential for swine though we have no 
direct evidence as to which one it is. Dried yeast contained this factor 
and therefore Vitamin A was excluded. Skimmilk was ineffective and 
this indicated that the recognized members of the Vitamin B complex 
also were excluded. 

Rations for Pigs at Weaning Time (L. A. Weaver) . Previous ex
periments have indicated that immediately following weaning time 
better rations than are ordinarily fed should be supplied if maximum 
gains are desired. This year dried skimmilk, fish meal, and liver meal 
have been tested singly and in combination as supplements to a corn 
supplement composed of tankage 3 parts, linseed oil meal 1 part, and 
alfalfa meal 1 part. The addition of either dried skimmilk, fish meal, 
or liver meal to the standard supplement improved the ration slightly 
and the addition of two or more of these produced slightly better re
sults than when a single one was added. 

Cane Molasses as a Feed for Pregnant Sows (L. A. Weaver). 
Following the drought of 1934 it was necessary to practice unusual 
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feeding methods. The problem of swine feeding was especially diffi
cult. Cane (blackstrap) molasses was a relatively cheap source of 
digestible nutrients but little information was available on the value 
and manner of using this feed for hogs. Therefore 23 pregnant sows 
were wintered on a ration containing a liberal amount of molasses. 
Following some preliminary work with rations containing varying 
amounts of molasses, a ration finally adopted was: Cane molasses, 6 
parts; wheat shorts, 6 parts; . and tankage, 1 part. In addition, the 
sows were self fed either alfalfa hay or pasture depending upon the 
time of year. They also were self fed a mineral mixture of equal parts 
of ground limestone, bone meal, and salt. 

The sows approached farrowing time in apparently good condition 
except that their coats appeared somewhat rough. However, the birth 
weights of the pigs farrowed were much below normal although an 
average of 8.6 pigs per sow was farrowed. Even though the sows 
were fed a good ration while suckling, it was soon evident that the 
amount of milk produced was inadequate for satisfactory results. 
Only about 70% of the pigs farrowed was raised to weaning time and 
the weaning time weights were much below normal. 

The pigs failed to respond to feed after weaning even though they 
received an excellent ration. Also, the sows failed to respond satis
factorily to liberal feeding of a good ration after the pigs were weaned. 
The ration fed during gestation was inadequate although this was 
apparent only when the results at farrowing, during the suckling 
period, and at weaning time were considered. 

Feeding Swine on Winter Barley Pasture (L. A. Weaver). Fol
lowing the drought of 1934 winter barley seeded in August was used 
as a fall and winter pasture for swine. Fattening hogs weighing ap
proximately 75 pounds at the beginning of the experiment and fed for 
98 days on barl~y pasture gained 20% more rapidly and consumed 
19 pounds less corn and 31 pounds less tankage than did similar hogs 
fed corn and tankage in dry lot. Hogs fed corn and a mixed supple
ment consisting of tankage 60%, linseed oil meal 20%, and alfalfa meal 
20% gained as rapidly as those fed corn and tankage on barley pasture 
but required 15 pounds more corn and 38 pounds more supplement for 
each 100 pounds of gain than hogs fed corn and tankage on barley 
pasture. 

The Value of Molasses as an Appetizer When Fed With Drought 
Corn Fodder (E. A. Trowbridge, J. E. Comfort). In cooperation with 
the Missouri Relief and Reconstruction Commission. Two lots of 
young dry cows and bred heifers were fed all the upland dry corn 
fodder they would eat for four weeks in December and January 1934-
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35. In addition to the fodder, they received 1 pound per head daily 
of cottonseed cake. One lot of cattle was fed the fodder dry for the 
first two weeks and during the second two weeks period from 1 to 3 
pounds of cane molasses per head daily was sprinkled over the whole 
fodder. The other lot had the molasses added to the fodder during 
the first two weeks and dry fodder was fed during the last two weeks 
of the trial. The application of molasses on drought fodder did not 
increase the consumption of fodder or decrease the amount of stalks 
refused in either lot. 

Processed Corn Fodder Molasses Feed for Cows Nursing Calves 
(E. A. Trowbridge, J. E . Comfort). In cooperation with the Missouri 
Relief and Reconstruction Commission. Due to the feed shortage 
caused by the severe drought of 1934 the Missouri Relief and Recon
struction Commission manufactured and distributed a processed ground 
fodder molasses feed containing 50% coarsely ground drought corn 
fodder, 40% cane molasses, 7% protein s..1pplement, 2% ground lime
stone, and I% salt. Ten beef cows nursing 1934 fall calves were fed 
approximately 30 pounds per head daily of this ground fodder molasses 
feed for four months during the winter with no other feed. The cows 
continued giving enough milk to nurse their calves satisfactorily and 
gained in weight approximately 60 pounds each during the period. 

A Comparison of Upland Drought Com Fodder which Produced 
No Ears, with Com Stover from Com that Produced Thirty Bushels 
per Acre (E. A. Trow bridge, J. E. Comfort). Two lots of cows were 
fed for 112 days on roughages consisting in the one case of upland 
drought corn fodder which produced no ears and in the other corn 
stover from corn that produced 30 bushels of corn per acre. The 
cows fed corn stover gained 70 pounds per head, while a similar lot 
receiving drought corn fodder gained 67 pounds per head. There was 
0.6 pound more waste per head daily in the lot receiving corn stover. 
Both lots received a protein supplement and a mineral mixture. Both 
rations were satisfactory for wintering dry cows. 

Corn Stover or Drought Corn Fodder with Molasses and Cotton
seed Cake for Cows Nursing Calves (E. A. Trowbridge, J. E. Com
fort). The feeding values of corn stover and drought corn fodder 
were compared when fed to young beef cows nursing winter calves. 
Cane molasses and cottonseed meal were fed in lieu of other concen
trates. The 5 cows receiving a daily ration composed of 31.7 pounds 
of corn stover, 4.5 pounds of cane molasses, and 1.5 pounds of cotton
seed cake ( 43% protein) lost an average of 41 pounds per head during 
the 84 days that they were on this ration. A similar lot of 5 cows 
nursing winter calves was fed 32.1 pounds of upland drought fodder, 



16 MissouRI AGRICULTURAL ExPERIMENT STATION 

4.5 pounds of cane molasses, and 1.5 pounds of cottonseed meal per 
head daily. These cows lost an average of 47 pounds per head during 
the same period. These rations were not entirely satisfactory for young 
cows nursing calves. There was, however, little difference in the 
value of the drought fodder and the stover from corn producing 30 
bushels per acre. 

Molasses in Rations for Horses (E. A. Trowbridge, H . C. Moffett). 
In cooperation with the Missouri Relief and Reconstruction Commis
sion. Following the drought of 1934 an effort was made to determine 
the extent to which molasses could be used in rations for horses. A 
group of horses was fed increasing amounts of molasses until they 
were receiving from 6 to 8 pounds per head daily. In each case where 
the amount of molasses was increased the amount of the grain mixture 
was decreased by an equal amount. This group was compared with a 
check group fed grain. The group fed molasses gained an average 
of 49.7 pounds per head during the period from December 24 to March 
7. The grain fed group gained 53.5 pounds per head over the same 
period. The horses displayed very little hesitancy in eating the grain 
mixed with the molasses, and so far as was observed no abnormal 
results occurred during the test. They preferred the molasses mixed 
with the grain rather than with the silage. 

Feeding Horses on Silage from Drought Stricken Com (E. A . 
. Trowbridge, H. C. Moffett). A group of horses was fed the amount 
of silage they would eat for a period of 65 days. With the exception 
of one mare these horses were idle, running out during the day. All 
horses fed silage wintered especially well. Foals from the mares fed 
the silage were strong, vigorous, and well developed. The average 
gain for the entire group for the 65 day period was 55 pounds per 
horse. No digestive disturbance or irregularities occurred during 
the test. 

Feeding Work Horses a Mixed Feed Containing Molasses, Fod
der, and Soybean Hay (E. A. Trowbridge, H. C. Moffett). In the 
spring of 1935 horses and mules on Missouri farms were in generally 
thin condition because of the high. prices and shortage of feed during 
the preceding winter. Due to these conditions the Missouri Relief 
and Reconstruction Commission made available a mixed horse and 
mule feed which contained 35% blackstrap molasses, 28.5% ground 
corn fodder from drought stricken corn, 28.5% ground soybean hay, 
5% cottonseed meal, 2% calcium and 1% salt. Three teams of work 
horses and three teams of work mules were fed exclusively on this 
feed. All of the teams except one were doing farm work regularly. 
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The feed consumption varied from 25 pounds per head daily for a 
span of geldings weighing 3,520 pounds to as low as 15 pounds for a 
span of mules weighing 2,800 pounds. Mature work animals that 
were thin when put on this feed maintained their flesh and worked 
satisfactorily but growing horses in good flesh at the beginning of the 
test did not relish the feed and lost weight. 

Ovulation in the Ewe (F. F. McKenzie, C. E. Terrill). The 
duration of estrus in the ewe averaged 32 hours. In 80% of 60 cases 
ovulation occurred 24 to 38 hours after the onset of estrus (average 31 
hours). Conspicuous external changes in the development of the 
maturing follicle prior to ovulation were confined to less than 4 hours. 
This follicle first protruded from the surface of the ovary. Then the 
"clear area" protruded more and more and one or more tiny cones 
swelled out from it . The break finally occurred at the apex of the 
tiny cone and follicular fluid oozed from the ruptured point. The 
ruptured follicle gradually collapsed. The extruded material was thin 
at first but became viscous 2 to 3 minutes after ovulation. A gel
tinous plug, often streaked with blood, soon formed. 

A 200-foot film (16 rom.) has been prepared illustrating by motion 
pictures the changes described above. Also, Agfa color plates have 
been made of the ewe's ovary showing the follicle and corpus luteum 
at intervals near the time of ovulation. 

The Anterior Lobe of the Pituitary Body of the Ewe During the 
Estrual Cycle and Pregnancy (F. F. McKenzie, V. Warbritton). A 
cytological study of the anterior lobes of the pituitary bodies of 50 
ewes at known stages in the estrual cycle and pregnancy has shown that 
acidophilic cells were of two types; "a" considerably more acidophilic 
than "b." The "a" type cells were more numerous than the "b" type 
during the metestrus and late pregnancy. Basophilic and chromo
phobic cells vary but little with the estrual cycle and pregnancy. No 
pregnancy cells were observed. 

The Pineal Body of the Ewe (F. F. McKenzie, V. Warbritton). 
A preliminary study of the cytology of the pineal body of the ewe 
indicated that a large type of cell with chromophilic cytosome and 
vesicular nucleus was relatively numerous in animals between 2 and 
8 years of age. No conspicuous variations were observed in cells from 
different ewes. However, there were some changes correlated with 
the estrual cycle and pregnancy. Deposits of brain-sand and thick
ness of blood vessel walls showed definite increase with the age of 
the ewe. Nerve fibers, connective tissue, neuroglia, and ependymal 
cells constituted a larger proportion of the pineal body than of most 
glands. 
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Discovery of a Small Gland in the Pineal Body of a Sheep (V. 
Warbritton). A very small glandular object has been found attached 
to the pineal body of a ewe. This gland was less than a millimeter in 
length after fixation in Bouin's fluid and was not observed when the 
pineal was excised. The orientation of the gland could not be de
termined from the sections studied. The cells of the structure were 
arranged in follicles, some of which contain colloid that takes a blue 
stain (acid fuchsin followed by Mallory's triple counterstain) like the 
colloid of the pituitary gland. The resemblance of the body to the 
thyroid gland was conspicuous. The follicles were separated by loose 
connective tissue. The follicle cells were low columnar and their 
nuclei were vesicular but chromatic. The cytosomes varied in staining 
capacity but specific granulations were not demonstrated by the 
techniques used on the gland. The cells of the pineal body did not 
resemble the cells of this gland either in content or arrangement. 

The Induction of Estrus in an Aged Mare (F. F. McKenzie, C. E. 
Terrill, L. R. Richardson). A mare over 20 years of age that had pro
duced several colts during the first 10 years of her life but which had 
not been in heat for over a year was treated with material from the 
blood of a pregnant mare. One thousand rat units of this ovary
stimulating preparation were administered March 15, 1935. On March 
22 she exhibited marked signs of estrus. The mare was killed on this 
day one week after treatment and towards the end of the first day of 
the induced estrus. Several follicles were found developing in the 
left ovary. Thus, even in a senile mare, pregnant mare serum was 
potent in inducing estrus and perhaps stimulating follicle production to 
some extent. 

The Mterbirth as an Index to the Thrift of the Lamb (F. F. Mc
Kenzie, Ralph Bogart). Observations were made on afterbirths out 
of which came 113 lambs. They were classified into three classes; 
good, fair, and poor. A distinct correlation between the quality of 
the lamb produced and the classification of the afterbirth was shown. 
This is reported in an article appearing in the Record of Proceedings, 
Annual Meeting, 1934, American Society of Animal Production. 

Tests for Pregnancy in Mares (F. F. McKenzie, C. E. Terrill). 
This is a service that was started in the spring of 1935. Serum can 
be tested from 45-100 days after breeding. The urine is used if from 
90-100 days have elapsed after breeding. This year 22 tests have 
been made. 

The Thermo-Regulatory Function and Mechanism of the Scrotum 
(F. F. McKenzie, R. W, Phillips). Report on this investigation 1s 
published as Mo. Agr. Exp. Sta. Research Bulletin 217. 
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Variations in Libido and Fertility of Rams (F. F. McKenzie, 
V. Berliner, M. E. Vaughan). During the hot period of the summer 
all the rams (20 purebred Shropshires and Hampshires) showed a 
marked increase in the number of abnormal spermatozoa. During the 
cooler season all rams improved. 

The level of fertility seemed to bear little relationship, if any, to 
the intensity of the desire to mate (libido). 

Two-year-old rams receiving 2.5 pounds grain mixture daily and 
carrying a little more condition tired more quickly than did rams of 
similar breeding getting 0.5 pound grain daily. That is, the former 
group did not possess as much potential ability to mate as did the 
lighter grain fed group. There was no significant difference in fer
tility level between the two groups. 

An Attempt to Restore the Fertility of a Young Sterile Bull (F. F. 
McKenzie, V. Berliner). A 21-months-old purebred beef bull that 
had sired a few calves was found to be of extremely low fertility. 
Antuitrin S, a human pregnancy urine preparation, was given De
cember 17-31, 1934. The total amount given was 60 c.c. (6,000 rat 
units). No change was noticed. A second treatment February 15 to 
March 26 in which a total of 180 c.c. (18,000 rat units) showed a defi
nite increase in sperm number. This treatment was discontinued and 
in 18 days he had reverted to his former low level of fertility. The 
right testicle was removed and showed marked tubular degeneration. 
The bull was treated April 29 to May 23 with pregnancy mare serums 
(8,000 to 10,000 rat units total). Semen samples obtained May 20, 
21, and 25 showed marked improvement in density and normality of 
sperm. An examination of the remaining testicle showed definite 
building up of the tubules with spermatogenesis. 

It therefore appeared that Antuitrin S in the dosages administered 
was not sufficient to restore complete fertility though definite stimu
lation was noted. Pregnancy mare serum was more potent than 
Antuitrin S and a marked improvement followed its administration 
though in no case did conception follow mating. 

AGRICULTURAL CHEMISTRY AND ANIMAL NUTRITION 

A. G. HoGAN, Chairman 

Synthetic Rations for Chicks (A. G. Hogan). In Mo. Agr. E xp. 
Sta. Research Bulletin No. 198 synthetic rations were described that 
apparently met completely the nutritional requirements of the chick. 
However, during the past year a number of unexpected failures, due 
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chiefly to high incidence of leg weakness, occurred. The basal ration 
used was as follows: Casein 35%; corn starch 32%; salts 4%; cello
phane 3%; cod liver oil 2%; lard 11 %; acid hydrolized yeast 4%; 
.ether extract of egg yolk 2%; liver extract 1376 (used in treating per
nicious anemia) 4%; liver extract 1377 (the precipitate obtained in 
preparing Extract 1376) 2%; tikitiki 1%. 

It has been stated by several investigators that the type of leg 
weakness encountered was due to a maladjustment of the mineral 
content of the ration, especially of calcium and phosphorus. The evi
dence found indicated that this was the correct explanation of the 
difficulty. 

During the studies a number of observations indicated that the 
· number of constituents in the basal diet could be reduced and the 

ration simplified. There was no evidence that the ether extract of 
egg yolk supplied any nutrient that was not carried by some of the 
other constituents. Carotene was an adequate source of Vitamin A 
and irradiated ergosterol was an adequate source of Vitamin D. Very · 
small quantities of these were req:.1ired and if they were included in 
the diet cod liver oil may be omitted. 

Apparently the adequacy of the ration was increased by the in
clusion of wheat germ oil. This material accelerated the rate of 
growth and reduced the incidence of leg weakness. 

In order to have a more rigorous test of the adequacy of the 
simplified diets, an attempt was made to rear chicks through successive 
generations. In the essential features the attempt was successful as four 
successive generations were reared. All chicks grew rapidly. The males 
were normal in appearance throughout the period of observation but 
their fertility was low. The females were normal until they attained 
maturity, and their egg records were reasonably satisfactory under 
the conditions. After periods of intensive egg-laying the mortality 
was high. Data published by other investigators indicated that the 
low fertility ofthe male and the high mortality of the female could be 
explained by the fact that they were reared under laboratory condi
tions. If this explanation is correct the simplified diets were adequate 
in all respects. 

Vitamin B Carriers Exposed to Ultra-Violet Rays (A. G. Hogan, 
L. R. Richardson). Previous reports have shown that at least one 
member of the Vitamin B complex is destroyed by exposure to ultra
violet rays. Some evidence was obtained that also there was a slight 
destruction of the antineuritic factor. The vitamin carrier was ir
radiated both as a dry powder and in solution. Irradiation in solution 
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proved preferable because in that phase the destruction of the anti
neuritic factor was negligible and the destruction of the antidermatitic 
factor was almost complete. It was reported some time ago that if 
the basal ration contained corn starch rats did not develop dermatitis 
even if the antidermatitis vitamin were destroyed. Since it seemed 
improbable that the disease was prevented by the starch itself, it was 
concluded that the active agent was a contaminant and the starch was 
extracted with hot alcohol. The extracted starch did not prevent 
dermatitis so the alcohol extract was concentrated and supplied to 
rats with severe dermatitis. The extract proved to be a potent source 
of the antidermatitis agent. Rice starch is frequently used in basal 
rations in such studies, so it also was investigated. It contained 
enough of the antidermatitis agent to interfere and should not be used. 
After it was evident that the starch oil healed dermatitis a number of 
other oils a]so were tested. Wheat germ oil was quite effective but 
corn oil was much less effective. Cocoanut oil and linseed oil were 
only slightly effective. 

An extract of rice polishings known as tikitiki has proved effective 
in healing dermatitis but if this was the only source of the Vitamin B 
complex the animals became severely denuded after some weeks and 
eventually died. In other laboratories it has been shown that the 
chemical compound flavin is a member of the Vitamin B complex. 
Flavin is readily prepared either from liver or from milk. The relation 
of wheat germ oil and of flavin to the two types of symptoms was in
vestigated. Flavin was readily destroyed by light, so in some cases 
the wheat germ oil was illuminated in order to destroy any trace of 
flavin it might contain. It developed that wheat germ oil had no 
effect on the denuded condition described. Flavin quickly healed 
this condition but had no effect on dermatitis. It is evident therefore 
that there are at least three well defined members of the Vitamin B 
complex. One is the antineuritic factor which has been known for 
years. A second is the antidermatitis factor which is healed by wheat 
germ oil, and a third is the denuded cond'ition which is healed by flavin. 
The evidence is almost, if not quite, conclusive that there is still a 
fourth factor for it has not been possible to secure sustained growth 
when only the three known members of the complex are present. A 
pure preparation of the antineuritic vitamin combined with wheat 
germ oil and flavin would not permit growth. A crude preparation 
of antineuritic vitamin such as tikitiki permitted growth. 

Anemia Caused by Deaminized Casein (A. G. Hogan, L. R. 
Richardson). Rats fed on deaminized casein soon died. A mixture 
of gelatin and gliadin proved adequate but it became inadequate if 
deaminized casein also was included. The animals made little or no 
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growth, became severely anemic, and died. In contrast with this a 
mixture of casein and deaminized casein proved adequate. It is diffi
cult to explain why casein protects against anemia and the mixture of 
gelatin and gliadin does not. In an effort to explain this the studies 
were extended to other proteins and to other substances that offered 
some promise of accelerating or retarding the development of anemia. 

Lactalbumin and ovalbumin were studied first. When commer
cial preparations were used in combination with deaminized casein 
healing of anemia followed promptly but when laboratory prepara
tions were used the anemia progressed rapidly and the animals died. 
The laboratory preparations were precipitated from solution by heat 
and then washed thoroughly with hot water. This may indicate that 
antianemia activity was destroyed by heat. 

Of the proteins mentioned only casein is a phospho-protein so in 
order to determine whether that fact was significant ovovitellin was 
prepared. In the quantities used it possessed no antianemic activity. 
Yeast was included and it developed that 8% was ineffective, 12% 
brought about recovery in some cases, and 18% seldom failed to heal. 

In order to confirm the theory that antianemic activity was de
stroyed by heat both yeast and casein were heated at high tempera
tures in an autoclave. Both materials lost their antianemic potency. 
Casein hydrolized with strong acid also was ineffective. When 10% 
of deaminized casein was present in the ration, 10% of normal casein 
afforded almost immediate protection; 5% was effective but slow, and 
2.5% afforded little or no protection. Ten per cent of deaminized 
casein produced anemia; 5% or less did not. 

In an effort to obtain in solution the agent which caused anemia 
casein was hydrolized and then deaminized. This product did not 
cause anemia. Likewise, casein was deaminized and then hydrolized 
but this product did not cause anemia. A number of materials other 
than casein were examined for activity in preventing anemia. These 
included egg white, egg yolk, milk, liver, stomach, muscle, and ovo
vitellin. None was effective. 

Thinking that nitroso compounds might be the cause of anemia 
two of these were examined, nitroso phenol and nitroso benzene. 
These compounds were toxic and nitroso phenol did not cause anemia. 
There was some evidence that nitroso benzene may cause this disease 
if supplied in the proper amount. 

Nutritional Requirements of Rabbits (A. G. Hogan, S. R. John
son). Rations used most extensively in nutrition studies consist es
sentially of ground oats and whole milk powder supplemented with 
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cod liver oil. Rats or chicks thrive on this ration but within 8 weeks 
rabbits developed paralysis and died. Attempting to determine the 
nature of the deficiencies in this ration two significant observations 
have been made. If sodium bicarbonate or if wheat germ oil is added 
it is improved vastly. With the addition of either the animals grow 
to maturity at approximately the normal rate. The combination of 
wheat germ oil and sodium bicarbonate has not been more effective 
than bicarbonate alone. There was no reason to believe that any of 
the rations examined was improved by the inclusion of dried yeast. 
However, the reproduction records have not yet been satisfactory. 
Both the males and females have proved fertile but many of the young 
were dead at birth and only a portion of those born alive have survived. 
To date no young have been reared except by mothers that received 
sodium bicarbonate. 

Nutritional Requirements of Guinea Pigs (A. G. Hogan, S. R. 
Johnson). The ration used most successfully with guinea pigs is made 
up as follows: Casein 20 parts; dextrin, 29; cellophane, 14; lard, 6; 
salt mixture, 4; NaHC03, 2; cod liver oil, 2; wheat germ oil, 6; tiki
tiki, 2; and yeast, 15. When the sodium bicarbonate was eliminated 
entirely and the wheat germ oil was reduced to 1 part the animals 
grew about as well as formerly. However, rations that contained the 
larger percentages of wheat germ oil were consumed more readily and 
apparently maintained the animals in a more thrifty condition. None 
of the rations used has been adequate during the reproduction stage. 
The oestrus cycles were not regular when the wheat germ oil was re
duced to 1%. 

AGRICULTURAL ECONOMICS AND FARM MANAGEMENT 

0. R. JOHNSON, Chairman 

Cost of Family Living on the Farm (B. H. Frame). During 1933 
a record of farm products used in the household was obtained on 72 
farms in Atchison County, Missouri. These records were divided 
into two size groups, an arbitrary dividing line of $20,000 investment 
being used. Each size group was further divided into owners and 
tenants. Many of the operators listed as owners rented additional 
land. The 35 small farms were almost equally divided into owners 
and renters. Twenty-nine of the 37 large farms were operated by 
owners. 

In each size division the owner operated farms contributed more 
to the family living than the renter operated farms. The most pro-
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nounced differences in favor of the owner operated farms were poultry 
products, fruit, vegetables, and fuel. The renters used more pork 
and beef. 

Farm Management Adjustments to Changing Prices (0 R. John
son, B. H. Frame). The records collected for making this analysis 
have been checked and calculations completed and some tabulations 
made. Part of the Nodaway records have been tabulated rather 
thoroughly. The Atchison and Linn records are still incomplete. 
Also 60 additional records have been collected in Nodaway County 
and 25 additional detailed records have been summarized from the 
Atchison County project. This project was temporarily suspended 
because of the urgency of the production adjustment project. 

Farm Account Records in Atchison County (B. H. Frame). In 
1934 there were 30 simple farm account records secured in Atchison 
County. This was the fifth yearly record from most of these farms. 
Each account book was summarized and a simple form of the summary 
returned to the cooperator. A combined summary was made showing 
the averages of the 30 farms, for the 10 high labor incomes, for the 10 
low labor incomes, and for the middle labor incomes. 

The total cash receipts on all 30 farms averaged $4,370.30. The 
average of the 10 high farms was $6,598.12; of the 10 low, $3,071.49. 
The average of all30 farms on cash expenditures was $1,963.98. The 
average labor income on all 30 farms was $1,376.04 after all interest 
and decrease in inventories had been accounted for. The average of 
the 10 high farms in labor income was $2,815.97; of the 10 low farms, 
$266.41. 

Utilization of Labor on the Farm (B. H. Frame). The seasonal 
and operational labor on crop enterprises has been tabulated and 
summarized for Atchison, Bates, Carroll, Linn, Saline, and Vernon 
counties. The labor has been tabulated and tables made according 
to operations involved in the enterprises, i. e., plowing, disking, plant
ing, etc. Planting was divided into drilling, broadcasting, and planter 
planting. Cultivation and harvesting also were divided as to type or 
means of operation. 

The man, horse, tractor, and truck hours per acre treated, and 
per acre once over, have been computed by month and by year, both 
for the single operation and for all operations. 

A Land Utilization Program for Missouri (C. H. Hammar). The 
productivity and fertility of land available to farmers upon the better 
lands of Missouri often were found to be two or three times as great 
as that available to farmers using poor land. That is, settlement in 
Missouri has been made largely upon an area basis, the farms tending 
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to be of the same size regardless of the quality of the land. Several 
different phases of this project have been published as technical papers. 
(1) "Intensity of Land Use and the Resettlement Problem in Mis
souri" published in the Journal of Farm Economics for August, 1935. 
(2) "Institutional Aspects of Ozark Decline" published in the August 
number of the Journal of Forestry. (3) A special publication entitled 
"Efficient Use of Missouri Land." 

Effects of Production Control on Farm Practices (0. R. Johnson, 
B. H. Frame). Records have been collected in three counties as fol
lows: Atchison County, 90; Nodaway County, 130; Linn County, 96; 
a total of 316 records. These records included income records and 
special notes on changes in cropping systems and livestock numbers 
during the past five years. 

A preliminary survey of these records leads to the conclusion that 
adjustments in the cropping system because of production adjustment 
have in the better lands resulted in leaving retired corn land idle. 
Frequently corn land rented to the government was grass land that 
was left unbroken. Only occasionally was corn land put in some 
permitted crop. This crop most often was red clover. Apparently 
no change has been made in livestock practice. 

Economic Aspects of the Farm Poultry Enterprise (0. R. Johnson, 
Howard E. Golden). Missouri Agricultural Experiment Station Re
search Bulletin 227 is the :final report on this project. 

Analysis of Commodity Prices (F. L. Thomsen). An analysis of 
strawberry prices made with a view to indicating possible future 
trends of strawberry prices, in relation to a production policy for the 
strawberry area of southwestern Missouri, has been made and reported 
in Missouri Agricultural Experiment Station Bulletin 347. 

Index numbers of Missouri farm prices for 13 commodities, and 
a composite index number of all farm prices for Missouri, for the years 
1910-1934, inclusive, have been calculated and reported in Missouri 
Agricultural Experiment Station Research Bulletin 221. 

Livestock Marketing and Prices (F. L. Thomsen, E. B. Smith). 
An analysis has been made of the marketing channels for 354,613 hogs 
marketed by 13,672 corn-hog contract signers located in 49 counties 
of Missouri. Data on the marketing of 96,000 hogs in addition to 
the above also were collected and tabulated, covering the months of 
August, September, and October of 1934, but were included in only 
parts of the final analysis because of the unusual conditions existing in 
those months as a result of the drought. This analysis showed how 
Missouri hogs are marketed from the major producing counties and 
some of the minor counties. 
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Land Inventory and Land Classification as a Basis for Land Use 
Planning (C. H. Hammar, Hans Jenny). In cooperation with the 
Department of Soils. A more flexible system of land classification 
than any that has been provided heretofore is needed in land planning. 
A differential system of land classification has been developed. Cri
teria upon which classification has been based for Missouri are: Surface 
soil nitrogen content, surface soil exchangeable base content, surface 
soil readily soluble phosphorus content, ratio of clay content of sur
face soil and subsoil, degree of slope, depth of surface soil, lime re
quirement, and potassium content of surface soil. The major ad
vantages of this system are that land planners may select from a large 
number of independent criteria those that are pertinent to the topic 
or problem at hand and the implications of individual criteron are much 
more easily apprehended than are those which are found in the sum
mary type of classification. 

Prices and Grades of Cotton (F. L. Thomsen). A report of this 
project has been printed as Missouri Agricultural Experiment Station 
Research Bulletin 233. 

Rural Tax Problem in Missouri (C. H. Hammar, G. T. Barton)· 
Missouri Agricultural Experiment Station Research Bulletin 224, 
"Land Tax Delinquency in Missouri" has been published. 
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AGRICULTURAL ENGINEERING 

J. C. WooLEY, Chairman 

An Experimental Poultry House (J . C. Wooley). Roup in its 
variou forms is one of the most common poultry diseases. It usually 
attacks chicken after they are mature and are confined to laying 
hou es . An entire flock may be lost as a result of its ravages. 

One of the major causes of this trouble i thought to be faulty 
housing. Better housing, scientifically determined, seems to offer a 
possible olution for controlling thi s disease. 

An experimental poultry house, a picture of which is hown below, 
has been constructed for the purpose of furni hing an environment 
for poultry where the various factors (temperature, humidity, air 

Exper im ental Two-Deck Poultry Hou 

movement, and air change) can be mea ured and regulated. The 
house has been well insulated and is equipped with a ventilating sy -
tern. Provision for the admission of ultra-violet light from direct 
un hine on warm days has been made. All windows have been 

equipped with a gla which admits part of the ultra-violet light from 
the sun . Mea urement of temperature during the winter showed 
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that while a 20 x 20 Missouri poultry house maintained a temperature 
approximately 12° above the outside temperature, the experimental 
house maintained a temperature 35° above the outside temperature. 
Summer temperatures did not differ greatly although the fluctuation 
was much less in the experimental house. 

The arrangement of the house enabled the caretaker to look after 
the birds efficiently and economically. Since the caretaker does not 
enter the pens there is less danger of spreading disease. 

Design for Terrace Outlet Structures (J. C. Wooley). In many 
instances it is necessary to discharge terrace outlet water into a road 
ditch or other water channel where the drop from the terrace to the 
ditch level may vary from 2 to 10 feet. This makes it necessary to 
lower the water into the ditch channel and destroy the velocity. 

Several different types of structures have been designed for this 
purpose. Some are built with rubble masonry and cement plaster, 
others may be made of metal, reinforced concrete, etc. In all of these 
structures the velocity of the water is stopped by a turnback or raised 
portion at the bottom which provides a water cushion at the bottom 
of the flume. The top of the turn back should be very little above the 
bottom of the ditch. 

The Economy of Various Tillage Methods for the Growing of Corn 
in Missouri (M. M. Jones, G. W. Giles). Corn production requires 
labor and power. In some cases the labor and power .costs in corn 
production amount to as much as 65% of the total cost of producing 
a crop. 

In order to determine the most economical uses of power and 
labor in the production of corn various methods of cultivation have 
been used and the power and labor required carefully recorded and 
compared with the final results in production. 

Seed-bed preparation consisting of spring plowing, harrowing, 
and planting; and cultivation consisting of rotary hoeing at high 
speed, followed by two shovel cultivations, proved the most efficient 
for the 1934 season. However, these results should be regarded as 
the results of only one year-a year in which the weather·. was un
usually dry. 

Sweeps and shovels were successful in controlling weeds. The 
draft of the sweeps was higher than the draft of the shovels. Rotary 
hoeing at higher speeds did better work than at lower speeds. 

The dynamometer designed, built, and used for measuring the 
draft of the various implements during the preceding year was im
proved. A third hydraulic unit of 300 pounds maximum load was 
designed and built primarily for measuring the draft of one-horse 
implements. 
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BOTANY 
WILLIAM J. RoBBINS, Chairman 

The Control of Smuts· on Small Grain (C. M. Tucker). Oats 
and barley smuts have been very prevalent in northern Missouri. It 
has been estimated that the reduction of the oats cmp by smut has 
been between 20 and 25%. In several barley fields, covered smut 
averaged about 20% and loose smut about 5%. 

Each year new proprietary compounds for the control of smut 
are being manufactured and marketed. For the protection of farmers 
it is necessary to test the value of these compounds. Preliminary 
experiments on the use of a combination hot water and chemical seed 
treatment for the control of loose smut ( Ustilago nuda) of spring barley 
have been performed by mixing Ceresan, containing 5% ethyl mercury 
phosphate with water in various proportions. The mixtures were 
maintained at different temperatures and the seed treated for varying 
periods. Germination tests have been made to determine the effects 
of the treatments on viability and the temperatures, concentrations, 
and soaking periods at which injury occurred have been determined. 
From this information lots of seed of the Sparton and Glabron varieties 
have been given treatments that were known to have a fair degree of 
safety. The results indicated (1) that long treatments with water at 
45-48° C. were more effective in controlling Ustilago nuda than shorter 
treatments (60 minutes or less) at higher temperatures (50-55° C.); 
(2) that long treatments with water at ·45-48° C. were more effective 
than the usual presoaking method and were not more injurious to 
germination; (3) that the addition of Ceresan to the water in amounts 
tolerated by the seeds did not increase the effectiveness of the long
soak treatments; (4) that varieties of barley vary in resistance of the 
seed to hot water treatments, the Glabron being injured more readily 
than the Spartan; (5) that the injury to germination was revealed by 
the development of short, thick, stubby roots which ceased elongating 
after attaining a length of a few millimeters; (6) that this type of injury 
was most conspicuous when the seeds were germinated immediately 
after treatment showed a larger percentage of normal germination; 
(7) that the presence of minute quantities of ethyl mercury phosphate 
apparently exerted a protective action that prevented much of this 
type of injury to the Glabron variety. 

On account of the frequent failures of spring barley to head well, 
winter barleys are better suited for smut control experiments. The 
barley variety, Tennessee Winter No. 5, was treated with various 
methods for smut prevention. The plots from which the seed was 
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obtained had 15 to 20% loose smut and a trace of covered smut. Of 

the dust treatments used Ceresan alone destroyed the saprophytes 

which usually developed on the seeds during germination tests on 

blotters. Of the hot water treatments all destroyed the saprophytes 
except the soaking at 45° C. for 120 minutes. The prolonged treat

ments at 45° C. again proved less injurious to germination than pre

soaking at room temperature followed by a short exposure to higher 

temperatures. 

The effectiveness of chemicals, particularly Ceresan and formal

dehyde, in controlling loose smut, as well as covered smut, indicated 

that the loose smut involved was caused by Ustilago medians ( U. 
nigra) rather than U. nuda. This species hitherto had not been re

ported in Missouri. 

Tennessee Winter Barley No. 6, with 15% loose smut infection 

in the checks, showed only 2.7% infection in Ceresan-treated plots. 

Kentucky No. 1, however, with 1.3% loose smut in the checks, showed 

no decrease in infection in the Ceresan-treated plots. 

In collaboration with the Bayer-Semesan Company the effects 

of three seed treatments on the yield of oats were determined. The 

amount of smut was small in all check plots, and infection was pre

vented by all three treatments, namely, dusted with Ceresan, sprayed 

with formaldehyde solution and covered for 24 hours, and soaked for 

1 hour in formaldehyde solution. The yields of the formaldehyde 

soaked plots were significantly lower than those of the other treated 

plots and the check plots. 

The Control of Damping-Off of Seedlings (C. M. Tucker, C. G: 

Schmitt, G. W. Bohn). A practical method for the control of damping

off of seedlings would be of great value to farmers in the preparation 

of seedbed, and to greenhouse operators. The present use of disin

fectant sometimes proves beneficial and sometimes results in harmful 

effects. Attempts to produce seedlings without soil disinfection fre

quently require the maintenance of conditions too dry for optimum 

plant growth. Under controlled conditions various soil disinfectants 
have been tested in varying amounts. The best plants in size, color, 

and general health were secured from a group of seeds that were dusted 

with cuprous oxide. The next best was a group of seeds dusted with 

DuBay No. 738. All other treatments tried resulted in fewer and 

poorer plants than those produced in the check groups. 

In a second series the best seedlings developed in groups in which 

formaldehyde was mixed with the soil. Delayed planting in formal

dehyde-treated soil gave nearly as good results as immediate planting. 
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A variable factor throughout the experiment was temperature and 
this variation may account for variations found in the behavior of the 
check groups in the diffierent series. 

In a third series the formaldehyde solution was doubled in con
centration and this increased its effectiveness in preventing infection 
without causing inhibition of germination. 

In a fourth series, the group in which the soil was treated with 
formaldehyde and the group in which the seeds were dusted with zinc 
oxide showed very good control. 

Of the treatments used, the mixing of small quantities of rather 
concentrated formaldehyde solutions with the soil has given the best 
control of damping-off. Dusting the seeds with zinc oxide also has 
given good control. 

Root Rots of Corn and Other Cereals (C. M. Tucker, C. G. Schmitt, 
G. W. Bohn). A root rot of corn which becomes evident as the plants 
approach maturity is common in Missouri. Infected plants die pre
maturely. The roots are badly rotted and the plants pull out of the 
soil easily. Diseased plants usually produce ears, but they are light 
in weight, with loose, chaffy grain. 

A greenhouse experiment has been started to test the relative sus
ceptibility to seedling infection of a number of pure lines of corn used 
in breeding work in the Experiment Station. Of 143 strains tested, 
9 showed considerable resistance, 32 were grouped as intermediate, and 
102 as susceptible. Field tests were made by inoculating soil with a 
mixture of strains of the fungus at planting time. At July 1 there 
were no significant differences between the inoculated and check 
plants. The tr·ial plots were located at Sikeston, Elsberry, and Mary
ville. 

Under greenhouse conditions favoring infection of corn the fol
lowing plants also proved susceptible; rye, wheat, red top, blue grass, 
Sudan grass, and orchard grass. Beans, soybeans, buckwheat, and 
garden peas were not attacked. 

In April, 1935, patches of stunted plants showing chlorotic spots 
on the leaves were collected from a wheat field in St. Charles County. 
The roots were rotted and contained abundant oogonia and oospores 
similar to those occasionally found in diseased corn roots. The dis
eased areas were most conspicuous on slopes where drainage condi
tions were best. A study of soil from various locations in the field 
has been started. 

Fusarium Wilt of Tomatoes (C. M. Tucker, C. G. Schmitt, G. W. 
Bohn). The resistant varieties of tomatoes now available have failed 
to maintain a high degree of resistance to Fusarium Wilt in the field 
under local conditions, especially during dry, hot summers. An effort 
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is being made to develop a variety more resistant than those that are 
now available. All of the varieties tested showed a high degree of 
susceptibility under the very favorable infection conditions of the 
treatment. Ranked in order of resistance based on the percentage of 
living plants the varieties were as follows: Marglobe, Break 0' Day, 
Pritchard, Globe, Stone, Norton, Earliana. 

Tubes of agar inoculated with F. lycopersici (tomato wilt) were 
buried in the soil at various depths and left a limited length of time. 
Those just covered with soil, where the temperatures varied from 
27.5° C. to 58° C., showed no growth but grew when incubated at 
30° C. Those buried at depths of 4, 8, and 12 inches showed pro
gressively greater growth. At a depth of 12 inches the temperature 
range was 29-30° C. 

Field trials with various varieties showed Norton and Louisiana 
Pink more resistant to combined drought and wilt injury than the 
other varieties tested. 

Morphologic and Physiologic Studies of the Genus Phytophthora 
(C. M. Tucker). During the year a number of cultures of species of 
the genus were received for identification and addition to the collection 
maintained here. Among the more important were cultures of P. 
cactorum from a trunk canker of Grimes Golden apple trees in Indiana, 
P. parasitica nicotinanae from tobacco in Poland; P. parasitica from 
/lntirrhinum majus, Dianthus caryoph)'llus, and Carica papaya in 
Mauritius; P. capsici from Cucurbita pepo and Capsicum annum in 
California; P. parasitica from Robinia pseudoacacia in Virginia; P. 
cinnamomi from Pinus resinosa, P. sylvestris and ~uercus rubra in 
Maryland; P. cryptogea from Aster sp. in California; P. cinnamomi 
from Picea Abies in Virginia; P. megasperma from Mathiola incana and 
Brassica spp. in California. 

In collaboration with pathologists at the University of California 
studies are being made on the pathogenicity and morphology of isola
tions of P. megasperma, P. dreschsleri, P. capsici, and P. cryptogea. 

A Nursery Disease of Sweet Cherries (C. M. Tucker). A nursery 
disease of sweet cherries characterized by the development of cankers 
on the basal18-24 inches of the trunks du~ing the first season is causing 
much damage. From one to a dozen or more cankers may develop 
on a trunk. Attacked trees are valueless as nursery stock and are 
probably short-lived. Apparently identical cankers can be produced 
artificially by inoculation through needle pricks in leaf scars on woody 
tissue with Bacterium pruni. Efforts to control the cankers with 
zinc-lime spray and by clipping of the laterals instead of jerking have 
not proved effective. 
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Adjacent rows of Windsor, one budded on Mazzard, the other on 
Mahaleb stocks, had cankers on 9% of those budded on Mahaleb and 
none on the Mazzard stocks. 

Various soil applications were made in a series of plots. There 
was no apparent effect on the survival of the buds attributable to the 
treatments. 

Several different sprays were used in an effort to control the can
ker. By July 1 small cankers were developing on the trunks that were 
inoculated during May and on June 6. 

A Bacterial Leaf Spot and Canker of Sweet Cherries (Unidenti
fied) (C. M. Tucker). On the plots under investigation for canker 
of the trunk on sweet cherries a bacterial leaf spot and canker disease 
with symptoms different from those caused by Coccomy ces hiemalis or 
Bacterium pruni were found. The spots were abundant on the very 
young leaves. They were small, circular, with a light brown center 
surrounded by a narrow reddish halo. There were from one to a dozen 
or more spots on each leaf. The cankers developed on the green stems 
near the tip. 

The susceptibility of different varieties to leaf infection was as 
follows: Schmidt's Big and Napoleon, very susceptible; Windsor, Lam
bert, Bing, and Black Tartarian, moderately susceptible; Yellow Glass, 
slightly susceptible. 

Isolations from leaf spots and cankers yielded a white bacterium 
possessing some superficial resemblances to Bacterium cerasi var. pru
nicola. Inoculations of stems of Schmidt's Big, Bing, and Black Tar
tarian on June 18 resulted by July 1 in the development of typical 
dark, water-soaked, gumming cankers from which the organism was 
re-isolated. The bacteria were pathogenic to peach, producing cir
cular, sunken, gumming cankers on young green twigs in 3 days. Cool, 
rainy weather favored the development of the disease. 

Measles and Target Canker (C. M. Tucker). In southern Mis
souri orchards of apple trees set on Lebanon silt loam or Clarksville 
gravelly loam have suffered from cankers which, on one-year-old wood 
appeared as small, scattered or clustered pimples somewhat darker in 
color than the surrounding bark. With the growth of the branch 
these finally produced a target-like canker. The cankers may be 
only occasional, in which case they appear to cause little, if any, in
jury, or they may be so numerous as to girdle the limb and cause a 
die-back of the terminal of from 2 to 4 feet. Badly attacked trees 
may be found adjacent to trees entirely normal. 

Attempts have failed to isolate, with any regularity, any organism 
from the earliest stages of the disease. Isolations from older cracked 
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lesions frequently obtain bacteria or fungi of the Phoma type. The 
failure to obtain organisms from the early stages indicates a physio
logic rather than a parasitic origin. 

The soil types in which the disease occurs are notably low in 
nutritive elements. Therefore, 88 trees of the Stayman and Starking 
varieties in various stages of the disease were selected for experimen
tation. Various soil treatments were made on the soil around groups 
of 8 trees, covering an area with a radius of 10 feet. The results of 
these treatments are not yet available. Also various solutions have 
been injected into affected Stayman and Starking trees by boring a 
half-inch hole downward and into the heartwood of the trunk. 

DAIRY HUSBANDRY 

A. C. RAGSDALE, Chairman 

The Effect of Increasing the Interval Between Milkings on the 
Yield and Composition of Milk (C. W. Turner, E. R. Garrison). It is 
generally thought that the rate of milk secretion declines with the in
crease in the interval between milkings. This investigation has shown 
little or no decline in the rate of secretion during the first 12 hours. 
With increasing intervals between milkings the yield failed to increase 
further indicating that the capacity of the udder had been reached. 
Complete analyses of the samples of milk were made including specific 
gravity, pH, catalase, chlorine, total solids, fat, lactose, total protein, 
casein, heat coagulable proteins, and ash. There were relatively few 
significant changes in these constituents during the increasing intervals 
up to about 20 hours. From 20 to 24 hours the chlorine increased 
slightly, the lactose decreased slightly, the total protein increased, 
due largely to an increase in the heat coagulable protein and non
protein nitrogen; It would thus appear that until considerable pressure 
is built up in the udder there are few significant changes in the com
position of the milk. 

The Influence of the Thyroid Upon Metabolism and Milk Secre
tion (C. W. Turner, R. P. Reece). Previous work at this Station indi
cated that the hormones having direct action upon the mammary 
gland arise in the ovary (the estrogenic and corpus luteum hormones) 
and the pituitary (the lactogenic hormone) . Recently other investi
gators have secured increases in milk and fat production in cattle by 
the feeding of thyroid and the injection of thyroxine. In order to test 
this a sexually mature, non-lactating, and non-pregnant goat was fed 
8 grains of desiccated thyroid gland per day for 22 days. This did not 



BuLLETIN 370 35 

increase the metabolic rate sufF.ciently so for 17 days this animal was 
fed 56 grains of the thyroid per day. The average metabolic rate 
during this period increased 33% over that of the normal rate. 

Before the thyroid dosage required to increase the metabolism 
was established, preliminary work showed no increase in milk produc
tion, but there was a tendency to maintain production when the thy
roid was fed at the rate of 2, 4, 8, and 12 grains daily. Failure to 
secure an increase in milk production was attributed to the level of 
thyroid feeding. 

The Effect of the Injection of Sterile Solutions, Milk, and Oxygen 
into the Udder of the Dairy Cow on the Composition and Yield of Milk 
(C. W. Turner, E. R. Garrison) . This investigation was conducted 
for the purpose of determining whether milk, distilled water, a solution 
of lactose, or salt of some definite concentration, or a solution com
posed of 3.5% lactose and 0.12% sodium chloride was the more desir-

. able carrier for antiseptic dyes injected into the udders of dairy cows 
for treating mastitis. The basis for comparison was the effect of the 
injection on the subsequent yield and composition of the milk. 

The milk showed the greatest alteration in composition at the 
first or second milking after injection, then gradually returned to nor
mal, requiring five or six days after injection to reach normality. 

The injection of distilled water produced less detrimental effects 
on yield and composition of the mi.lk than the injection of a solution of 
3.5% lactose and 0.12% sodium chloride. 

Apparently there was no direct relationship between the concen
tration of salt injected and the effect on the yield and composition of 

. the milk. However, the solutions of all concentrations produced 
more severe results than distilled water. 

There was no direct relationship between the concentration of 
lactose injection and the effect on yield and composition of milk. 
The reinjection of milk into the udder showed a more detrimental effect 
upon yield and composition than the same amounts of distilled water. 

A thin paraffn oil was injected into two quarters of one cow. 
The results were quite severe and recovery was not as rapid as when 
the other solutions studied were injected. Oxygen injections produced 
effects similar to those produced by the injections of sterile solutions. 

Apparently distilled water was less objectionable as an irrigant 
than any of the other solutions studied, including milk. 

The Composition of the Colostrum of the Goat and Changes which 
Occur as the Milk Becomes Normal (C. W. Turner, A. J. Bergman). 
The colostrum and milk of six goats were analyzed at intervals for a 
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period of nine days following parturition. The standard method of 
milk analysis was employed for the determination of dry matter, fat, 
ash, and specific gravity. For the determination of lactose, total 
protein, albumin, and globulin a modified procedure was used. The 
first drawn milk was high in total solids which quickly declined. This 
decline was due primarily to the lowering of the fat, total protein, 
casein, globulin, and albumin. The lactose increased slightly. 

Effects of Short-Time Gestations upon Milk Yield (Warren Gif
ford). This investigation indicated that only a small part of the re
duced milk yield observed following abortions in first-calf heifers was 
due to the short time gestation. The primary rate of production was 
the most important factor affecting milk yield included in this study. 
Primary rate following abortion was affected to some degree by the 
length of the gestation, but its contribution was not the important 
factor determining the initial rate of milk flow. One case was reported 
where a two-year-old heifer carrying her calf only 128 days produced· 
3,926 pounds of fat corrected milk. 

When cows abort during a normal lactation, it has been shown 
that the length of gestation makes a very small contribution as a factor 
influencing the total milk yield. The total yield was highly associated 
with the primary rate and this primary rate seemed the most highly 
associated with the primary rate of the normal lactation. 

The Effect of Lactation on the Blood Sugar of Dairy Cows (C. W. 
Turner, H. A. Herman). The elaboration of milk by the mammary 
gland results in a heavy withdrawal of blood constituents in the form 
of milk precursors. Blood glucose is the precursor of the lactose of 
the milk. It has been reported by other workers that a correlation 
existed between the milk producing level and the blood sugar level. 
Heavy milkers tended to have a low sugar value. Earlier investiga
tions at this Station have shown little difference in the sugar level of 
the jugular blood of dry and lactating cows. Data secured at this 
Station failed to indicate that a marked change in blood sugar values 
occurred as milk production increased. 

A Study of the Factors Influencing the Initiation and Persistency 
of Milk Secretion (C. W. Turner, A. J. Bergman). Studying the 
physiology of lactation, it has been found desirable to determine 
whether the composition of milk stimulated by means of the lactogenic 
hormone was comparable with that secreted after normal parturition. 
The rabbit has been used for preliminary experiments. The compo
sition of the milk obtained by the aid of pituitrin injection was within 
the limits observed in milk obtained from normal r!tbbits immediately 
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after parturition. Since lactose is a unique constituent of milk and 
is not present in mammary gland tissue, it is possible to analyze the 
entire gland for its lactose content and thus determine the amount of 
secretion which has been induced experimentally. The lactose content 
of rabbit milk obtained immediately after parturition was 1.7 to 1.8%. 
In experimentally induced lactation the lactose content of the milk 
varied between 1.4 and 1.9%. Female rabbits in which lactation was 
induced experimentally were kept in lactation without further adminis
tration of the hormone for periods of 30 to 37 days by using young 
suckling rabbits 6 to 10 days old. Similarly, a male rabbit induced 
to lactate raised 3 young to a weaning age. These preliminary ex
periments indicated that when lactation was initiated it could be 
maintained by the frequent removal of milk. 

Experiments last fall with the lactogenic hormone were not as 
successful as had been previously the case. It was suspected that the 
animals which were slaughtered at the packing houses in September 
and October were from areas of drought and were deficient in the hor
mone. The later preparations were up to the previous standard. 

Further Purification of the Lactogenic Hormone, Galactin (C. W. 
Turner, H. McShan). The methods used for the preparation of the 
lactogenic hormone have been based on isoelectric precipitation. 
The method developed and used at this Station involved isoelectric 
precipitation from an aqueous alkaline (pH 9) digest. The protein 
fraction containing the active material precipitated at pH 5.5. 

A dry extract has been prepared by treating the isoelectric protein 
precipitate with acetone, centrifuging, and decanting the filtrate. 
This process was repeated three times, the drying being carried on in 
a desiccator. 

Protein is insoluble in glacial acetic acid but becomes increasingly 
soluble as the percentage of acid decreases. This condition was used 
in the further purification of the acetone powder. The method was 
as follows-four grams of powder were thoroughly mixed with twice 
jts volume of glacial acetic acid, centrifuged and the acid filtrate de
canted; the process was repeated five times or until the filtrate failed 
to show a brown color. The combined acid filtrates were mixed with 
ethyl ether, a white flocculent precipitate resulting, which was dried 
by twice treating with acetone. It weighed 0.4 gm., and 4 to 5 mg. 
gave proliferated crop glands weighing 2 to 3 gm. This extract gave 
the Biuret test for protein. The total nitrogen determination by a 
semi-micro-Kjeldahl method gave close to 16% which indicated that 
the material was protein in nature. The residue from the acid ex-
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traction did not give any crop gland response for the lactogenic prin
ciple when tested on the pigeon. 

The Use of the Common Pigeon in the Bioassay of the Lactogenic 
Honn.one (C. W. Turner, H. McShan). The rabbit has been used 
for the quantitative estimation of the lactogenic hormone, galactin. 
The guinea pig also has been suggested as being suitable. However, 
it has been observed that the crop gland of the pigeon gave a quali
tative proliferation in response to the lactogenic principle. This re
sponse was obtained by giving four daily injections of the hormone 
without preliminary treatment. There was considerable variability in 
the degree of response with a given dose. A series of 117 pigeons 
gave an average normal crop gland weight of 1.43 gm., this same value 
being obtained for both males and females. 

A series of 18 birds receiving 30 mgm. of the extract over a period 
of four days gave a mean crop weight of 2.20 gm.; one hundred birds 
receiving 60 mgm. with a mean crop weight of 2.74 gm.; 60 birds re
ceiving 90 mgm. with mean crop weight of 3.79 gm. and 30 birds re
ceiving 120 mgm. with a mean crop weight 3.34 gm. The coefficient 
of variation for the crop weight increased with increasing dose, the 
range being 18.69 to 31.85; while this value for the average ratings 
decreased with increasing dose, the range being 77.60 to 19.80 The 
crop gland response for the maie was, on the average, 0.5 gm. greater 
than the female. Further investigations showed that the nutritional 
condition of the bird also caused a decrease in response to the hor
mone. There was an increase in response with an increase in body 
weight and in the number of daily injections. The method of injec
tion also influenced the response, shallow intramuscular injections 
giving the maximum response. 

An Attempt to Extract the Lactogenic Hormone from Bovine 
Urine (C. W. Turner, R. P. Reece). It has been shown that the estro
genic content of the urine of cows increased during pregnancy. The 
question arose as to whether or not the lactogenic hormone similarly 
might be excreted into the urine during the latter stages of pregnancy. 
and during lactation. The common pigeon has proved an excellent 
test animal for the lactogenic hormone. At first the urine of cows in 
various stages of pregnancy and lactation was injected in dosages of 
from 2 to 12 c.c. per day without positive response. This was followed 
by a number of extraction methods none of which has proved successful. 
It would appear that either the lactogenic hormone was not secreted 
in active form into the urine; or it was associated with other substances 
which inhibited the proliferation of crop gland of .the pigeon; or the 
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extraction methods employed were unable to adsorb and concentrate 
the hormone sufficiently to give the crop gla.nd proliferation test. 

The Effect of Lactogenic Hormone Preparations on the Blood 
Sugar Level of Rabbits and Monkeys (C. W. Turner, W. 0. Nelson, 
M. D. Overholser). It has been demonstrated that some anterior 
pituitary factor was involved in carbohydrate metabolism causing a 
rise in the sugar level of the blood. Since the secretion of milk de
mands the utilization of considerable quantities of blood sugar it was 
thought that the sugar-raising factor might be identical with the lacto
genic hormone. Preparations of the lactogenic hormone which were 
believed to be relatively free of other recognized pituitary principals 
was used. 

Four monkeys showed no elevation of the blood sugar level and 
no glycosuria during the test periods. Thirteen pseudo-pregnant and 
6 extrus rabbits were treated for periods up to 10 days. No significant 
alteration of blood sugar level occurred and no sugar was found in 
the urines examined. Apparently the lactogenic hormone was not 
allied with the blood sugar elevating factor of the anterior pituitary. 

The Radiosensitivity of the Cells of the Mammary Gland (C. W. 
Turner, E. T. Gomez). A study has been made of the radiosensitivity 
of the epithelium of the mammary gland of the rabbit during various 
phases of growth and secretion. The apparatus was set to deliver 200 
Roentgen units per minute at a target distance of 12 inches. A single 
irradiation was administered. Thirty minutes were required to com
pletely inhibit the subsequent growth of rudimentary glands of im
mature rabbits, whereas 5 minutes inhibited the further growth of the 
duct system when under estrogenic hormone stimulation. 

When the duct system was completely developed, the subsequent 
growth of the lobule-alveolar system was inhibited by a 25-minute 
period, whereas an irradiation of 10 minutes was effective when given 
during the early stages (6 to 8 days) of pregnancy or pseudo-pregnancy. 
Irradiation of the mammary gland for 10 minutes shortly before par
turition or immediately before the injection of the lactogenic hormone 
at the end of pseudo-pregnancy resulted in complete suppression of 
milk secretion. Similarly, a 10 minute period at any stage of lactation 
caused cessation of milk secretion followed by involution back to a 
duct system. The effect of the irradiation on the cells was permanent 
since neither further growth nor secretory activity could be induced. 

The Normal Development of the Udder of the Goat (C. W. Turner, 
E. T. Gomez, E. P. Reineke). The study of the developmental anatomy 
of the mammary glands of the goat has shown that the embroynic and 



40 MissouRI AGRICULTURAL ExPERIMENT STATION 

fetal development of the goat's udder was essentially the same as that 
described in great detail in cattle (Missouri Research Bulletins 140-
160). The mammary lines observed in the 30-day-old embryo devel
oped mammary buds by the 37th day. By the 70th day the single 
primary sprout which developed from each mammary bud had become 
fully differentiated with secondary and tertiary sprouts forming. 

As in cattle, the teat of the goat was formed as a result of the pro
liferation of the mesenchyme tissue surrounding the mammary bud. 
The elevation of the bud to form the teat began at about the time the 
bud reached full development. It was evident from the 70-day-old 
fetus that the teat differentiation was essentially complete at that stage. 

In the female, only very slight growth of the duct system occurred 
during the period from birth to the approach of puberty. Following 
puberty with the recurrence of the follicular phase of the estrus cycle, 
the growth of the duct system was noted. A great variation in the 
size of the virgin udder was observed yet in none of the animals exam
ined had the glands developed beyond the duct stage. 

Following conception, in the primiparous goat there was initiated 
not only a rapid growth and an extension of the duct system but of 
the lobule-alveolar system as well. This phase of growth was largely 
completed in the :first half of pregnancy. During the second half of 
pregnancy the epithelium of the newly formed alveoli begins secretory 
act1v1ty. This process was especially marked during the last few 
weeks of the gestation period resulting in an enormous increase in 
the size of the udder. 

The Effect of the Estrogenic and Galactopoietic Hormones Upon 
the Mammary Glands of the Rabbit (C. W. Turner, E. T. Gomez, 
W. U. Gardner). The effect of the galactopoietic hormone of the 
pituitary upon the partially developed mammary glands (mammary 
duct system) of the rabbit following theelin injections was studied in 
47 experiments conducted on 43 rabbits. The galactopoietic hormone 
produced no definite growth of the mammary glands. A period of 
theelin treatment in excess of 10 days was required before the mam
mary glands of rabbits not in estrus or castrated during estrus would 
respond to galactin. Indications of secretory activation of the roam
many glands were observed in all rabbits treated with galactin immedi
ately following a previous 20 day period of theelin treatment, It was 
indicated that the mammary glands of the theelin injected rabbits 
failed to secrete when galactin treatment was delayed for more than 
three days after the cessation of theelin injections. 

The Effect of Ovariectomy upon Lactation in the Albino Rat 
(C. W. Turner, E. T. Gomez). In the guinea pig it has been observed 
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that lactation progresses normally in individuals ovariectomized during 
late pregnancy or following parturition. In cattle it has been sug
gested that ovariectomy might be employed as a method of prolonging 
lactation. Previous work demonstrated that the ovarian hormones 
stimulate the growth of the mammary gland while the lactogenic hor
mone of the pituitary stimulates the initiation and probably the con
tinuation of lactation. 

In certain mammals such as the rat and mouse, ovulation occurs 
following parturition with the development of a corpus luteum of lac
tation which has been shown to secrete the corpus luteum hormone. 
The question arose whether or not in these animals either or both of 
the ovarian hormones played a role in the maintenance of lactation. 

The ovaries of 24 rats were removed at various stages of lactation 
from 24 hours after parturition to 10 days. While there were 3 complete 
failures to raise their young, in the other 21 cases either all or a large 
percentage of the young were raised and in several cases ovariectomized 
rats were kept in lactation for over 50 days by the replacement of the · 
older nursing rats with younger animals. Apparently even in the 
albino rat the ovarian hormones were non-essential for the maintenance 
of lactation. 

The Lactogenic Hormone in Fowl Pituitaries (C. W. Turner, 
E. T. Gomez). The pituitaries of the following mammals have been 
shown to contain appreciable amounts of the lactogenic hormone
cattle, horses, sheep, goats, and swine. As the crop glands of pigeons 
and doves respond to the hormone it has been assumed that their 
pituitaries secrete the same principle. Evidence has been presented 
recently that this hormone also was concerned in the brooding char
acter of chickens. 

Pituitaries from turkeys, geese, and ducks were extracted employ
ing the same method as used in extracting mammalian pituitaries for 
the lactogenic hormone. The isoelectric precipitates obtained were 
assayed for the presence of the lactogenic hormone with pigeons. In 
no case was the proliferation of the pigeon's crop glands similar to the 
proliferation produced by the mammalian pituitary . . It was noted, 
however, that apparently without material thickening of the crop 
gland there was some slight curd- or milk-like material on the sur
face of the crop. Its significance was not known. 

The Causes of the Growth and Function of the Udder of Cattle 
(C. W. Turner). A popular summary of the results of recent research 
concerned with the hormones responsible for the growth of the mam-
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mary gland and the initiation and maintenance of lactation has been 
published in Missouri Agricultural Experiment Station Bulletin 339. 

The Secretion of Milk and the Milking Process (C. W. Turner). 
A description of the mode of milk secretion during the intervals be
tween milkings has been presented in Missouri Agricultural Experi
ment Station Bulletin 346. 

The Structure of the Cow's Udder (C. W. Turner). The anatomy 
of the cow's udder has been described and illustrated in Missouri 
Agricultural Experiment Station Bulletin 344. 

The Occurrence of Polythelia in Dairy Cattle (Warren Gifford). 
The frequency of occurrence of polythelia in dairy cattle has been 
observed on 4,831 female and 135 male dairy cattle. For the females 
25.8% exhibited the polythelia! condition. The caudal type was by 
far the most common observed. Only 14% of the males had one or 
more supernumeraries. On the average the frequency of occurrence 
of the polythelia! condition found in the American breeds studied was 
less than that reported for European breeds. 

The Butterfat Records of Cows Possessing Supernumeraries 
Compared with Cows Having the Normal Number of Teats (Warren 
Gifford). When all observations have been considered it was con
cluded that the factors for the capacity of high butterfat production 
were not closely linked with the character supernumerary teats. From 
the practical viewpoint there was no indication that supernumeraries 
were external traits indicating ability superior to the normal condition 
for butterfat production. 

The Relation Between Live Weight of Cows and Their Efficiency 
as Milk Producers (A. C. Ragsdale, S. Brody). A study of the rela
tion between the size of cows and efficiencies of milk production 
showed that (1) smaller cows tended to produce more 4% milk per 
unit of feed intake than larger cows; (2) the difference in efficiency be
tween small and large cows was slight, the maximum difference being 
about 3% within the normal variation in the live weight of the com
mon breeds of dairy cattle; (3) this difference may not be due to size as 
such but to differences in feeding and management practices since 
studies at this Station have indicated that when fed according to cur
rent feeding standards, large cows were slightly overfed and small 
cows slightly underfed. Even if, as the evidence indicated, smaller 
cows were more efficient nutritionally than larger ones, there was good 
reason to believe that the slightly greater investment and overhead 
costs involved would tend to counterbalance the slightly greater 
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efficiency of smaller cows so that from a commercial standpoint there 
was probably no difference between the profitableness of large and 
small cows. 

The conclusion follows that udder capacity and stimuli to high 
milk production were more important in profitable milk production 

than size. 

Growth, Blood Picture, and Related Physiological Phenomena in 
Cattle Fed on Exclusive Milk Diet Supplemented only by Minerals 
and Vitamins (A. C. Ragsdale, H. A. Herman, S. Brody). Attempts 
to raise calves to maturity on milk alone have consistently failed. 
Three groups of Holstein-Friesian calves, have been fed as follows: 

Group I. (3 animals) fed exclusively on whole milk. 

Group II. (5 animals) fed whole milk plus iron, copper, man
ganese, sodium chloride, and cod liver oil. 

Group III. (5 animals) controls (used to follow blood picture 
during growth) fed the normal herd ration con
sisting of whole and skim milk, grain, and hay. 

In Group I, calf 617£, the oldest animal on experiment, is still in 
good condition at 219 days of age. No. 637£, about one month 
younger refused feed for 16 days when 181 days of age, but then re
sumed feeding at the rate of about 10 pounds of milk per day. This 
.animal showed signs of anemia and general decline. At 180 days of 

.age the calves in this group averaged 394 pounds in weight. This 
weight is well above normal. The blood picture of the calves in this 
group was practically normal up to six months of age with the excep
tion of a slightly lower hemoglobin level. As age progressed all the 
.calves in the group showed a definite trend downward in erythrocyte 
·Count and in hemoglobin values. All other blood constituents were 
normal. In general the calves of this group were rough of coat, dull 
{)f eye, rather listless, and walked somewhat stiffly. They had a 
tendency to go off feed at frequent intervals. 

The animals in Group II have made steady growth since birth 
.and weighed an average of 398 pounds at the age of 168 days which 
was considerably above normal for this age. The oldest calf in this 
group is 173 days of age. No abnormalities in the blood picture have 
been noted. In appearance the calves of Group II were normal at 
5.5 months of age. They were not quite as sleek nor filled out as well 
as the calves in Group III but they were lively, bright eyed and had 
good appetites. 

Because of the relatively short time elapsing since the initiation 
of this study definite conclusions are impossible. 
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Cellular Constituents of Blood as Influenced by Growth and 

Lactation (C. W. Turner, H. A. Herman) . Leucocytes: The role of the 

white corpuscles in the secretory processes of the mammary glands 

has been somewhat obscure. A leucopenia during active nursing in 

the albino rat has been reported by Emmel, Weatherford, and Streicker 

(1926). In the non-lactating, non-pregnant albino rat the number of 

leucocytes averaged about 12,000 per cu. mm. whereas during lactation 

the number decreased to about 7,500. When the nursing was sus

pended for 12 to 20 hours the leucocyte count was increased 50 to 60%. 

In this study dairy cattle of various ages, breeds, and stages of 

lactation have been used. The cell counts have been made in quad

ruplicate, using a 1% acetic acid solution as a diluent for leucocytes. 

A physiologic saline solution was used in making dilutions for ery

throcyte counts. The improved Neubauer counting chamber was 

used for all work. 
In determining a normal leucocyte level for dairy cattle of various 

ages it was found in 174 cases to be 7,957 white cells per cu. mm. of 

blood. Animals over two years of age averaged 7,570 leucocytes per 

cu. mm. while those under two years showed a mean of 9,354. 

Females of all ages averaged 7, 798 leucocytes. This group in

cluded both lactating and non-lactating cows. All males averaged 

10,278 cells per cu. mm. At birth the blood of the bovine was very 

high in leucocyte numbers, ranging from 12,000 to 16,000 cells per 

cu.mm. 
Erythrocytes: Erythrocyte counts for dairy cattle of varying ages, 

both lactating and non-lactating cows, males and females, averaged 

5,799,285 red cells per cu. mm. Animals under 2 years averaged 

8,277,775 while those above two years showed a mean count of 5,765,-

575. Males were considerably higher than females showing 7,764,373 

for all males as compared to 5,778,175 for all females. 

A comparison of the white cell count of milking and non-milking 

cows showed 7,762 per cu. mm. of blood in lactating cows and 7,628 

in non-lactating cows. Apparently the factors influencing the leuco

cyte level of the blood of the rat did not function to the same marked 

degree in the case of the dairy cow, an animal many times larger in 

size and not producing nearly so much milk in proportion to its weight 

as the albino rat. Apparently there was a rise of approximately 5 to 

15% leucocyte count following the ingestion of grain feeds. Both 

lactating and non-lactating animals were sampled and fed at the same 

time. However, the chief variable between the two groups was that 

of mammary gland activity. Suspended milking for a period of 3 to 40 

days resulted in an increase of about 30% in leucocyte count of the 

blood after 5 to 6 days of non-milking. This cow was producing 30 
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pounds of milk per day when milking was suspended. At the end of 

30 days milking was resumed. The cell count was apparently the 

same as before suspended milking. The leucocyte rise due to sus

pended milking can be explained by (a) a congestion of blood leuco

cytes due to inactivity of the udder; (b) an increase in number due to 

the activity of the white cells functioning in the resorption and removal 

of the stagnant milk. 

Basal Metabolism, Endogenous Nitrogen, Creatinine and Neutral 

Sulphur Excretions as Functions of Body Weight (S. Brody, R. C. 

Proctor, U. S. Ashworth). It has been shown that the basal metabol

ism and endogenous nitrogen excretion of different species follow the 

same course with increasing live weight of mature animals. They 

both increase not with simple body weight but with 0.73 power of 

body weight. That is, increasing body weight by 100% increases 

energy and nitrogen metabolism not by 100% but only about 70%. 

The digestible energy need for maintenance of dairy cattle was esti

mated to be between 2 and 2.4 times the basal metabolism (exact 

amount depending on activity of animals). The digestible crude 

protein-nitrogen need for maintenance was estimated to be about 

four times the endogenous urinary nitrogen (exact amount depending 

on the biological value of the protein). In comparison with this 

standard for maintenance, current feeding standards overfeed large 

animals and underfeed small animals. Not only basal energy metab

olism and endogenous nitrogen excretion but also urinary neutral 

sulphur excretion increased with about the 0.73 power of body weight. 

Creatinine on the other hand tended to increase with 0.90 power of 

body weight of mature animals for different species and with 1.0 power 

of body weight in growing animals of the same species. It follows 

that the ratios of endogenous nitrogen to basal metabolism and endo

genous nitrogen to neutral sulphur tended to remain constant for all 

body weights while the ratios of creatinine to basal metabolism or 

creatinine to endogenous nitrogen increased with increasing body 

weight. 

Endogenous Nitrogen and Basal Energy Relationships During 

Growth (U. S. Ashworth). In Missouri Agricultural Experiment 

Station Research Bulletin 220 it was demonstrated that the ratio of 

endogenous urinary nitrogen excretion to basal energy metabolism 

was the same for all mature warm-blooded species investigated. How

ever, in growing animals of the same species (rats) the ratio of endo

genous nitrogen to energy metabolism has been found to increase with 

increasing age. The level of endogenous nitrogen was highly variable 

depending not only on the age of the animal but also on the protein 
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level of the diet preceding the placement of the animal on the N-free 
diet; on the time the animal was kept on the N-free diet; and on the 
nature of the protein fed the animal preceding placement on theN-free 
diet. These variations in endogenous nitrogen level are very important 
practically because they may explain variations in the apparent bio
logical values of proteins as reported from different laboratories. A 
curious fact brought out was that the energy metabolism per unit 
body weight of rats on high protein diet preceding placement on the 
N-free diet was 7% lower than that of rats on low-protein diets. 

Energetic Efficiency of Milk Production and the Influence of 
Body Weight Thereon (A. C. Ragsdale, S. Brody, R. C. Proctor). 
Data have been compiled and computations made showing that about 
0.305 pounds total digestible nutrients are req.1ired to produce 1 
pound of 4% milk; 2.1 pounds of total digestible nutrients are required 
to gain 1 pound live weight; 0.053 pounds total digestible nutrients 
are required to maintain 1 pound live weight at body weight 1 pound, 
if it is assumed that the maintenance cost for the entire animal increased 
not with simple body weight but with body weight raised to the 0.73 
power. 

The net digestible feed energy cost of milk production (not count
ing maintenance cost or liveweight gain cost) was about 1.6 times the 
milk energy; or the net energetic efficiency about 60%. The gross 
digestible feed energy cost of milk production including maintenance 
cost was about 3 times the milk energy; or the gross energetic effi
ciency of milk production was about 30%. The digestible energy 
cost of maintenance was about 2.4 times the basal (energy) metabolism. 

Gross efficiency of milk production in the given group of cattle 
declined with increasing live weight. However, this decline might 
have been due to management conditions rather than to difference in 
body weight. 

A Microscopic Study of the Crystalline Structure of Ice Cream 
(W. H. E. Reid, R. F. Reitemeier). The principal factors influencing 
the crystalline structure of ice cream seemed to be: The composition 
of the mixture, methods of processing, freezing procedure, rapidity of 
lowering the temperature of the semi-frozen ice creams to zero degrees 
Fahrenheit or lower, and the frequency and extent of temperature 
changes in cabinets in which the ice creams were stored following their 
removal from the hardening room. 

A new technique has been developed for the preparation and 
photographing of the specimens used in the making of photomicro
graphs of the crystalline structure of different ice creams. A modifed 
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form of microtome has been developed. The new instrument contains 
the sample of ice cream or sherbet in a rigid mold which permits the 
preparation of uniform microscopic sections. To facilitate the obser
vation of the specimens outside the hardening room two new 
methods have been devised. One consists in using a stage cooling 
device and solid C02 as the refrigerant. The second procedure involves 
the use of a portable hardening room with solid C02 as the refrigerant. 
Either procedure permitted the application of a wide range of tem
peratures. 

The Relation of Air Conditioning to the Quality and Crystalline 
Structure of Frozen Desserts (W. H. E. Reid, D. J. Gandhy). Air 
conditioning applicable to the ice cream industry may be any combi
nation of cooling, humidifying, dehumidifying, or any one of the 
three. The weight of vapor mixed with dry air varied over wide 
limits and affected the behavior of many products in manufacturing. 
The cooling and dehumidifying of the freezing and packaging rooms 
minimized heat shocking of ice creams when withdrawn from the 
freezer into cans or into different types of packages. Heat shocking 
encouraged fusion of the minute ice crystals and reflected unfavorably 
upon the flavor, body, texture, and stability of the resultant ice creams. 

A Photomicrographic Study of Some of the Factors Affecting the 
Physical Properties of Butter (W. H. E. Reid). This study has been 
confined to the development of technique applicable to the study of 
the influence of working the butter upon the distribution of moisture, 
and its relation to several other physical properties. A biological 
microscope and a specially designed camera have been used in making 
the photomicrographs. 

These pictures showed that the water in the samples of butter 
before working was distributed as relatively large pools or lakes with 
the absence of migratory outlets. However, when the working pro
cess was commenced and pressure exerted upon the mass of butter the 
size of the pools immediately began to decrease and migratory outlets 
or rivulets appeared giving evidence of the distribution of the water. 

There was a def.nite change in the color of the butter prior to and 
subsequent to the addition of salt. The unsalted butter possessed a 
pale yellow color which with the addition of salt acquired an uneven, 
mottled, deeper yellow color. This uneven, deep yellow color again 
changed to a light uniform yellow color as the working of the butter 
progressed. 

Bovine Mastitis (E. R. Garrison, H. A. Herman). This project 
is in cooperation with the Department of Veterinary Science. A com
plete survey of the Experiment Station dairy herd has been made. 
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All milking animals have been divided into three groups: Group 1 
consisting of disease-free animals; Group 2 animals with mild infec
tion; Group 3 animals with badly infected udders. Physical examina
tions included palpitations of the udder, the use of the strip cup, bac-

\ terial examinations of the milk, and chemical tests including the 
bromthymol blue catalase, and chloride tests-the latter catalase, 
chlorides, and H-ion tests--were used to determine which animals 
should go in each group. 

The disease-free group has been continued on machine milking. 
The other two groups have been placed on hand milking. An examina
tion is made of each heifer or cow immediately after calving and again 
at the end of two weeks. The tests performed were bacterial content, 
catalase content, pH, and chlorine content. Sixty-seven cows have 
been examined five times during the investigation. 

The plate counts ranged from less than 100 to a maximum of 140 
million per c.c., but only 21 quarters gave counts of 50,000 or above. 
Twenty-six cows showed counts under 2,000 per c.c. in all four quarters. 
Ninety-four quarters of 36 cows contained long chained streptococci 
in the incubated samples and many of these also contained staphlo
cocci. Ten quarters contained staphlococci but no streptococci. The 
predominating cause of the infections was thus streptococci. 

Seventy quarters produced over 1.0 c.c. gas by the catalase test 
on two or more occasions while 55 quarters produced over 1.5 c.c. gas. 
There was an indication that while the catalase test detected a large 
percentage of infected quarters it also failed to detect cases of light 
infection. 

The pH of the samples containing under 2,000 bacteria per c.c. 
ranged from 6.43 to 6.74. Many samples, however, that contained 
several thousand bacteria per c.c. and were definitely infected had a 
pH as low as 6.55. Therefore, a very pronounced infection must be 
established before the milk was noticeably altered in pH. 

The chlorine content of the milk as determined by the direct 
titration method for 214 samples averaged 0.0295% higher than the 
value obtained by the digestion method of Davies. The lowest chlorine 
value found was 0.070%, while the highest value for cows with sound 
udders and not over nine months in the lactation period was 0.188%. 
An increase in chlorine content usually occurred toward the end of 
the lactation period. The chlorine content of the milk from indi
vidual quarters of the udder showed very little variation when none 
of the quarters was infected. A light infection, however, caused a 
marked rise in the chlorine content of the milk from the infected quarter. 

Only six quarters gave a positive strip cup test which indicated 
that this test had but little value in detecting cows with infected udders. 
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Establishing a Strain of Cattle Pure for High Production by Means 
of Selection and Continued Use of Proved Sires (Hatch Experiment 
Farm.) (A. C. Ragsdale, C. W. Mcintyre). This project is in co
operation with the Bureau of Dairy Industry of the United States 
Department of Agriculture. Twenty-one daughters of three proved 
sires formed the foundation animals of this herd. Ten daughters of 
one sire, Fauvic's Gamboge Knight 253701, averaged 553.1 lbs. of fat 
at the average age of 3 years and 1 month on official test in our herd 
(mature equivalent 668 lbs. fat). Seven daughters of the second sire, 
Raleigh's Orlando 147016, averaged in our herd 514.9 lbs. fat at the 
average age of 3 years and 10 months (mature equivalent 713.5 lbs. 
fat). Another daughter died at the time of first calving. The third 
sire, Avenelle's Forfarshire 22037 had three daughters which made 
426.94 lbs. fat at the average age of 2 years and 10 months (mature 
equivalent 640 lbs. fat). 

A breeding program of this nature develops slowly but definite 
data on the transmitting ability of the herd sires is beginning to accum
mulate. The first herd sire used was Ayredale's Exile 197339, with 
4 tested daughters a:veraging 426 lbs. fat at the age of 2 years and 6 
months (mature equivalent 572.5 lbs. fat). His first daughter in this 
herd produced 390.6 lbs. fat, calving at 22 months of age. This bull 
left seven daughters in the herd. One son has been leased to a Ralls 
County dairyman. The second sire, Lady's Rinda St. Mawes 226037, 
had 9 daughters with a mature equivalent of 778 lbs. fat. He left 4 
heifers in the herd. One son has been leased to a nearby dairyman. 
Avanelle's Forfarshire, sire of three of the foundation cows and Peggy's 
Majestic Duke 259690 are now in service in the herd. The latter bull 
has 9 Dairy Herd Improvement Association daughters with a mature 
equivalent production of 518 lbs. fat. Ten daughters and two sons 
are now in the herd. One son of Avanelle's Forfarshire has been 
leased to a local dairyman. 

Complete growth, production, feeding, breeding, health, and mis
cellaneous records have been kept on all animals in the herd. Rate 
of milking data have been collected monthly on the individuals of the 
herd since the first of 1933. The average monthly bacterial count of 
the milk produced and delivered to the plant where it ·is sold in St. 
Louis (120 miles distant) has never exceeded 8,500 bacteria per c.c., 
with an average under 3,000 and individual deliveries often show 
counts under 1,000 bacteria per c.c. In addition to careful general 
sanitation the system of washing the milking machine with lye solution 
has been especially efficient and has resulted in a reduction of labor 
and other costs over the usual method of using steam. 
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Hatch Farm Records (C. \V. Mcintyre). Complete crop cost 
records have been kept since March 1933, although farming operations 
have been limited to 20 acres of tillable land. Observations on a com
prehensive series of experimental pasture plots started in the spring 
of 1933 have been continued. There are 40 individual plots repre
senting ten different treatments. Half of the plots are in a fenced 
area and the others outside the fence so that the cattle are free to graze 
them. Records have been obtained from the local Weather Bureau 
Office at Hannibal so that the effect of rainfall, temperature, and other 
conditions can be studied as .they may affect the growth and compo
sition of the grass on these plots. Two years' records especially with 
the drought season of 1934 are not enough to draw conclusions. 

Of the six strains of English grasses selected for leafiness seeded 
in 1932 (wild white clover, Italian rye grass, perennial rye grass, or
chard grass, Scotch timothy and meadow fescue) only three survived. 
Seed, however, was gathered the second season (1933) from all of these 
grasses except the Italian rye grass which, although it made excellent 
growth the first year, did not seed and died the first winter. Perennial 
rye grass died the second winter. None of the grasses produced seed 
the third summer and the white clover died during the severe drought 
of this season. The orchard grass, Scotch timothy, and meadow fescue 
remained green throughout the entire 1934 season even though there 
was practically no rain during the months of July and August. Cattle 
seemed to prefer these grasses to bluegrass. The seed from the five 
grasses gathered in the 1933 season has been seeded in other plots 
this spring (1935). 



BuLLETIN 370 51 

ENTOMOLOGY 

L. HASEMAN, Chairman 

Biological Studies on the Codling Moth (L. Haseman, Lee Jenkins, 
Herbert Koch). Forty moth breeding stations were maintained in 
various parts of the State during the year. Twice each week during 
the period of emergence of the spring brood reports were forwarded to 
Columbia on daily emergence. Later in the season bait traps were 
used at ten baiting stations. 

The first brood of moths emerged from May 20 to June 30 followed 
by a ten to fifteen day lull. The second or midsummer brood emerged 
about July 15 to August 30 with a partial third brood following at once 
and continuing until about September 25. This information was of 
great help in building this year's more successful control program. 

Timing Sprays by Moth Emergence (L. Haseman, Lee Jenkins, 
Herbert Koch). From three to ten cover sprays in addition to the 
calyx spray were used in spraying experiments. The smaller numbers 
were used in young orchards where worms were not serious. The 
larger number was applied in older orchards with heavy infestations 
and was applied by the calendar at 7-10 day intervals. Plats on which 
the sprays were timed by moth emergence received ordinarily two to 
three less sprays. In south Missouri cover spray Number 6 and in 
north Missouri spray Number 5 probably killed few worms, but earlier 
sprays had been badly washed off by rains so the extra sprays were 
included. 

Substitutes for Arsenate of Lead (L. Haseman, Lee Jenkins, 
Herbert Koch) . Insecticides which do not contain arsenic and those 
containing arsenic but not lead have been investigated. They also 
have been used in conjunction with arsenate of lead. The ideal substi
tute would be one which contained neither arsenic nor lead but, failing 
in that, it would be a great help if a new insecticide could be found 
that would reduce both lead and arsenic and preferably eliminate the 
lead entirely from the spray residue on the fruit. 

Of the non-arsenical insecticides, nicotine has given the best results. 
It has been used with arsenate of lead in two applications and later 
alone at a 1 to 200 dilution. It gave practically the same control as 
where arsenate of lead was used in all sprays. 

Natural cryolite, one of the fluorine preparations used in place of 
arsenate of lead in late applications,. gave about the same results as 
where arsenate of lead was used in all applications. 
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Of the non-lead arsenical substitutes used arsenate of zinc seemed 

the most promising when used either in all applications or in place of 

arsenate of lead in part of the applications. Calcium arsenate used 

in place of arsenate of lead in some late applications also gave about 

the same control as where arsenate of lead was used in all applications. 

A combination of 1 pound of arsenate of lead and 7'5 pound of Paris 

green to 100 gallons of spray gave worm control about equal to where 

lead arsenate was used in all applications at the rate of 2 and 3 pounds 

to 100 gallons of spray. Summer oil emulsion used with arsenate of 

lead in the so-called peak sprays slightly improved worm control but 

increased the difficulty of residue removal. 

Mothproofing Packing Sheds (L. Haseman, Lee Jenkins, Herbert 

Koch). The importance of preventing hibernating worms of codling 

moth from emerging from packing sheds as moths and escaping back 

into the orchard has been well demonstrated by bait traps on trees at 

various distances from the packing shed. The number of moths 

caught in bait traps varied from 841 on the trees nearest the packing 

shed to only 110 moths 350 yards away. 

Orchard Control of Codling Moth and Spray Residue (L. Hase

man, Herbert Koch, Lee Jenkins). Records indicated that growers 

generally secured better control this year with the crop showing around 

70 to 80% perfect fruit as compared with 25 to 50% during the previous 

two years. However, the residue removal problem was not always easy. 

Where no summer oil was used to seal the residue on the fruit and not 

over six to seven cover sprays were applied, acid wash without heat 

satisfactorily reduced the lead and arsenic residue to the legal tolerance 

of .018 and .01 grams per pound of fruit respectively. However, 

where oil was used, especially during July, a wetting agent and heat 

also were required with the acid bath to properly remove spray residue. 

Very little Missouri fruit was held up this year because of excessive 

residue and after re-washing this was passed as meeting residue re

quirements. 

Effects of Parasites and Weather on the Codling Moth (L. Hase

man, Lee Jenkins, Herbert Koch). In cooperation with the Federal 

Bureau of Entomology and Plant Quarantine a limited number of the 

codling moth parasites, Ascogaster carpocapsae, were released in Mis

souri orchards in an experimental way. It is impossible at this time 

to determine whether or not they will become acclimated and establish 

themselves in numbers sufficient to assist in the control of the pest. 

A native codling moth parasite, Aenoplex carpocapsae, has been 

found to be definitely on the increase in different sections of the State. 
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From 5 to 10% of some fall collections of codling moth larvae were 
found to be parasitized. 

The \"veather has a very definite effect upon the codling moth. 
Temperatures of approximately 85° F. are optimum for codling moth 
development and either higher or lower temperatures slow down de
velopment. A temperature of 50° F. practically stopped development 
and temperatures of 110° F. to 115° F. likewise practically stopped 
development. The heavy rains in the spring of 1935 retarded activity. 
However, the weather has not been the determining factor in better 
control since unsprayed check plats lost about 75% of the crop m 
wormy fruit and about 50% of the picked fruit also was wormy. 

Bait Trap Experiments with Codling Moth (L. Haseman, Lee 
Jenkins, Herbert Koch). The use of bait traps has always been 
questioned as to whether the elimination of the thousands of moths 
caught in the bait traps had any actual effect on worm control. A 
careful test was planned by setting aside a solid block of about 16 
acres in the Kenmoor Orchard and another of about 5 acres in the 
Harlan Orchard. The Kenmoor experiment included t wo 2-acre plats 
with a bait trap in each tree, two similar plats with a trap to every 
other tree, two with a trap to every other tree in every other row and 
two plats left unbaited. The entire block received the regular orchard 
sprays. There was no significant difference in worm control where 
many, few, or no traps were used. It was difficult to understand why 
there should not have been more definite control of worms in the 
heavily baited plats. A dissection of newly emerged female moths 
and those taken from bait traps showed that on the average the moth 
had already deposited a considerable proportion of her eggs before 
she went into the trap. 

In the Harlan experiment slightly better results in the way of con
trol were secured but not enough to justify the use of the traps for 
worm control. 

Chinch Bug Control (L. Haseman) . Winter burning just ahead 
of a sudden drop in temperature to below zero gave an immediate kill 
of only 10 to 20% and the clump grass was dry and burned close. 
Following sub-zero weather the total kill with heat and cold was only 
from 25 to 40%. Apparently winter burning does not eliminate as 
many of the hibernating bugs as might be expected. 

Observations indicated that in unburned areas winter mortality 
was very low, varying from 5 to 15%. The temperature in grass 
clumps beneath snow coverage even with sub-zero air temperatures 
was found to be around 20° F. warmer than the air temperature. It 
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apparently required an air temperature of about 20° below zero to 
produce a zero soil temperature where the bugs hibernate. Refrigera
tion temperatures necessary to kill chinch bugs indicate that it re
quires from 5 to 12° below zero F. for killing chinch bugs. Therefore, 
winter temperatures would have to be in the neighborhood of 30° 
below zero F. to kill all the bugs under grass and snow. By removing 
grass coverage by burning and having low temperatures with no snow 
much less severe cold would greatly help in killing chinch bugs. 

In dry seasons the furrow-dust-log barrier has proved to be the 
farmer's most available and practical barrier. Where creosote is 
available a line of this on a ridge renewed each day about noon can be 
made practically 100% effective. The newer paper-creosote fences 
and the creosote-rope line barriers may be more effective in windy 
places, but they complicate barrier making and as yet can not be 
recommended. 

"Hessian-fly-resistant" Wheat Varieties (L. Haseman). There 
has been a definite increase of Hessian fly during the year. In co
operation with the Department of Field Crops a number of standard 
Missouri selections, together with a few out-state strains have been 
tested for comparative resistance. Table 2 shows the results of these 
tests: 

TABLE 2.-HESSIA N FLY INFESTATIONS OF VARIOUS VARIETIES OF WHEAT AT 

CoLu MBIA, MrssouRI. 

Variety 

Michigan Wonder # 8 __________ ___________________ _ 
Harvest Queen ____________ . ___________ ___ _______ _ _ 
Fulhio _______ ____ ___ ___ ______ __ ___ ___________ ____ _ 
Poole ___ __ ______ ___ __ ________ ___ ______ __ _______ __ _ 
Early May _____ __ ______ ______ __ ____ ____ _______ ___ _ 
Kawvale ___ ____ ___ _____ __ __ ----- _____ ____ __ _____ _ _ 
F ulcas ter __ ___ ___________________________________ _ 

Percentage 
Plants 

Infested 

53% 
53% 
66% 
53% 
43% 
30% 

3% 

Flaxseed 
per 100 
Plants 

147 
50 

219 
114 
124 
72 

5 

The reason one strain withstands the attack of the Hessian fl y 
better than other strains is not known. The fly oviposits on all 
strains about equally but the larvae on some fail to mature. 

The Toxic Action of Varicus Chemicals on Codling Moth Larvae 
(L. Haseman, Herbert Koch). Rotenone and a number of other 
chemicals proved far more toxic to the codling moth under laboratory 
conditions than arsenate of lead, but in the orchard they do not prove 
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effective or safe. Soaps, oils, and other spreaders and stickers in
creased the effectiveness of arsenate of lead but they also added to the 
residue problem. Regrinding to reduce the size of the granule of ar
senical insecticides improved its sticking properties and also its toxicity 
to codling moth. Dews and light showers aided in redistributing 
spray coverage and increasing its effect on codling moth. Codling 
moth larvae traveling over sprayed fruit and foliage picked up some 
of the poison on their bodies and later deposited it on the flesh of the 
tunnel in the fruit where they ate it. Oil-sealed spray coverage 
seemed to be picked up about as readily as an arsenical coverage not 
sealed by oil. For accurate determination of the toxic action of a 
chemical on the codling moth larva hypodermic injection by measured 
doses either by mouth or into the haemocoele has proved satisfactory. 

Insect Pests of Melon and Related Crops (L. Haseman). The 
striped beetle continued to cause the most damage to melon and re
lated crops, especially in the early part of the season. The calcium 
arsenate-gypsum dust mixture continued to be the cheapest and most 
practical treatment. The fluorine compounds showed definite promise 
as a more toxic treatment for the beetles. Nicotine dusts and sprays 
were most effective for lice. However, pyrethrum and derris products 
seemed to be in more general use in home gardens. Squash bugs 
must be destroyed by hand early since contact sprays were ineffective 
except for the young nymphs. Prompt disposal of crop residues aided 
in controlling this pest. 

FIELD CROPS 

W. C. ETHERIDGE, Chairman 

An Effort to Discover New Varieties of Plants by Radiation with 
Ultra-Violet Ray (L. J. Stadler, G. F. Sprague). A limiting factor in 
breeding is the known range of genetic variation occurring in a species 
of plant. That is, improvement by breeding is brought about by the 
selection and propagation of a more desirable type already found or 
by hybrid combinations of existing types. Occasionally mutations 
occur which are entirely different from any existing types. Such mu
tations extend the range of genetic variation. Therefore, any method 
that will increase artificially the number of mutations may help in 
extending the range of genetic variation giving the plant breeder 
greater opportunity in the improvement of varieties. It has been 
found that radiation with X-rays and ultra-violet rays may bring 
about this condition. 
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Investigations during the past year with the radiation of mature 
pollen with ultra-violet rays have shown that wave lengths longer than 
300 millemicrons were ineffective but that radiations with wave lengths 
shorter than 300 millemicrons produced a distinct increase in the fre
quency of deficiencies marked by endosperm genes. 

The use of a discharge tube (Hanovia Sc-2536) producing a rela
tively pure radiation of a wave length of about 254 millemicrons 
yielded genetic effects similar to those secured with wave lengths 
shorter than 300 millemicrons. 

Smut Resistant Strains of Fulghum and Columbia Oats (B. M. 
King). Fulghum oats developed through variety testing by this 
Station in 1920 and Columbia oats developed also by this Station in 
1925 through pure line selection have proved to be the most productive 
varieties of oats yet found for Missouri. However, both are liable 
to serious losses from the ravages of loose smut and covered smut. 
An attempt to render these varieties resistant to these two smuts has 
been started. Varietal hybrids have been made by crossing Fulghum 
and Columbia with the smut resistant but late maturing varieties 
Markton and Navarro. These hybrids are now in the third and 
fourth generations. As soon as the fifth generation is available selec
tions will be made in an effort to isolate strains which possess the form, 
earliness, and productivity of Fulghum or Columbia and the smut 
resistance of Markton and Navarro. 

Additional hybrids have been secured from the United States 
Department of Agriculture. The smut resistant and early maturing 
strains of these hybrids have been selected and will be tested for yield. 
Owing to the severe drought and chinch bug infestation, oats were 
harvested for yield only at Grain Valley and Elsberry in 1934. The 
yields of the leading varieties at Grain Valley were Brunker 28.3, Co
lumbia 24.3, and Fulghum 17.9 bushels per acre. At Elsberry the 
yields were Columbia 24.9, Fulghum 24.1, and Brunker 21.7 bushels 
per acre. 

Missouri Pastures (W.C. Etheridge, E. M. Brown). In coopera
tion with the Department of Agricultural Chemistry, Animal Husb
andry, Dairy Husbandry, and Soils. From thirteen to sixteen million 
acres of Missouri land are in permanent pasture. These pastures re
ceive little or no cultural attention and are only moderately productive. 
The development of practical methods of pasture improvement would 
be a great contribution to Missouri agriculture. 

Three systems of grazing (continuous, rotation, and supplemented) 
have been under comparison at Sni-A-Bar Farms since 1931. For 
pasture seasons beginning in early April and ending about November 
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first, cattle on bluegrass have made approximately 40% of their total 
gain for the season during the first month and 60% of their total gain 
during the first two months of the grazing season. 

During extremely dry years the bluegrass sward has deteriorated 
under all three systems of grazing, but this deterioration has been less 
where rotation grazing has been practiced. Bluegrass has produced 
larger yields of air dry herbage under rotation grazing than under 
either of the other grazing systems. Nitrogenous fertilizers applied 
on the surface of an established bluegrass sod at Sni-A-Bar prior to 
1934 thickened the stand of bluegrass, improved its palatability, and 
stimulated it to a greater productivity during the early part of the 
growing season (March to June). However, in 1934, the destructive 
effects of heat and drought were more severe on the nitrogen treated 
plots, especially those receiving sodium nitrate. Applications of 
superphosphate ranging up to 300 pounds per acre annually has had 
no apparent effect on the bluegrass at Sni-A-Bar. However, when 
worked into the soil ahead of a new seeding of pasture grasses or drilled 
into a thin sod on unproductive pasture land, superphosphate has 
been very effective in the establishment or thickening of the stands 
of sown species. Phosphate fertilizers with adequate supply of mois
ture have encouraged the development of white clover in the pasture 
sward while applications of nitrogen have had the opposite effect. 

A one-year rotation of winter barley or wheat and Korean lespe
deza on soil below average in fertility supplied an abundance of 
pasturage from early April to October. Oats grown in a similar 
rotation were unsatisfactory for grazing. On light, extremely poor 
sandy soils of southeast Missouri subject to wind erosion, Lespe
deza Sericea has been the most productive and persistent of the several 
pasture crops grown under these conditions. 

Breeding Early Wheat for Missouri (W. C. Etheridge, J. M. 
Poehlman). A variety of wheat excelling our present crop in earliness 
of ripening by as much as a week or ten days and producing a satis
factory yield, would be a valuable addition to our Missouri system of 
agriculture. It would advance the growth of clover sown in the grain 
crop; it would release the grain land for a catch crop earlier in case 
clover had not been sown or had failed; it would produce grain earlier 
for summer feed; it would place the crop on the market earlier; and 
it would escape a measure of the June rain and consequently escape 
part of the largest losses by lodging. At the beginning of the investi
gation a variety of wheat (May) was found which matured from 10 
days to two weeks earlier than the standard varieties of wheat grown 
in Missouri. In 1930 ·a number of varietal hybrids were made using 
this wheat in making the crosses. In 1934 and again in 1935 a large 
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number of early maturing heads were selected from these hybrids. 
In the 1934 yield test, the most productive varieties at each sta-

tion were as follows: 
Columbia: May _________ ___ ________________ __ 27.1 bu. per acre 
Green Ridge: Michigan Wonder No.8 and 21_ ___ 18.1 bu. per acre 
Grain Valley: Michigan Wonder No. 209 ________ 23.4 bu. per acre 
Sikeston: Michigan Wonder No. 209 ____________ 28.4 bu. per acre 
Elsberry: Fulcaster 8y ________________________ 25.9 bu. per acre 
The leading wheat varieties, ranked according to the average 

yields obtained at all 5 stations were as follows: 
Michigan Wonder No. 209 ____________________ 23.4 bu. per acre 
Michigan Wonder No. 8 ____ ___________ __ ______ 22.5 bu. per acre 
Fulcaster 8y _________________________________ 22.4 bu. per acre 
Michigan Wonder No. 21_ ____________________ 22.0 bu. per acre 
May W2083 _________________________________ 21.2 bu. per acre 
Harvest Queen ______________________________ 20.5 bu. per acre 
Poole ______________________________________ _ l9.6 bu. per acre 

A Barley Variety Suitable for Missouri (W. C. Etheridge, B. M. 
King). There are several advantages in the production of barley in 
Missouri. They are as follows: (I) The excellence of this grain for 
the rapid fattening of livestock in summer when the supply of corn 
is short; (2) The superiority of fall barley over wheat or rye for dairy 
pasture in southern Missouri; (3) The comparatively light draft of 
the crop on soil fertility; (4) The comparatively favorable service of 
barley as a nurse crop for clover and other spring sown legumes. How
ever, the most productive varieties of spring barley suited to Missouri 
bear a rough awn which may injure the feeding animal and the existing 
varieties of fall barley are susceptible to winter killing. The correc
tion of these important faults would greatly increase the usefulness of 
barley in this State. 

Two leading varieties of winter barley in Missouri, as shown by 
yield tests covering a period of several years, are Kentucky No. 1 and 
Missouri Early Beardless. The Kentucky strain is the more winter 
hardy and productive of grain, but has the disadvantages of being 
relatively late maturing, less productive of fall pasturage, and bearded. 
The Missouri Early Beardless produces an abundant vegetative growth 
both during the early fall and spring, besides being moderately pro
ductive of grain and not bearded. Its lack of uniformity indicates 
that it is not a pure line, and therefore may be improved by selection. 
To this end, 200 head selections were made in 1934 and grown in head 
rows during the 1934-35 season. From these, both mass and pure 
ine selections will be made on the basis of winte.r hardiness, earliness of 
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maturity, stiffness of straw, and productivity of both forage and grain. 
Due to the ravages of chinch bugs and drought, grain yields of 

winter barley were obtained only at Sikeston where the yields were 
as follows: Kentucky No. 1, 27.6 bushels per acre; Missouri Early 
Beardless, 24.0; B210, 23.2; Union Winter, 19.7; B232, 18.3; Tennessee 
No.6, 14.7; Tennessee No. 5, 12.2. 

The following yields of air dry herbage given in pounds per acre 
were obtained at Columbia: Kentucky No. 1, 653; Missouri Early 
Beardless, 690; B210, 672; Union Winter, 690; B232, 744; Tennessee 
No. 6, 599; and Tennessee No. 5, 762. 

Cotton Varieties for Missouri (B. M. King). Owing to the local 
system of community ginning, a stock of pure cotton seed is soon 
mixed with gin-run seed and deteriorates rapidly through natural 
crossing. Fresh stocks of seed of the varieties can be introduced 
from time to time as long as they are available but the life identity 
of a cotton variety and especially of a strain is short. In 1907 Tyler 
listed over 400 varieties. Of this number only 9 are cultivated now. 
Of the four varieties or strains recommended for Missouri in 1924, 
none is available now. This constant change and deterioration of 
varieties and strains imposes upon the experiment stations the appar
ently endless task of discovering and maintaining new and vigorous 
kinds to take the place of those which have degenerated. 

Cotton variety tests conducted at Sikeston on Lintonia fine sand 
and at Hayti on Sharkey clay loam gave yields as indicated in Table 3. 

TABLE 3.-COTTO N VARIETY YIELDS AT SIKESTON AND HAYTI IN 1934 

Stoneville #4 ___ - - - - _____________________________ _ 
Stoneville #2 ____________________________________ _ 
Stoneville # 3 ______________ ____________________ __ _ 
Stoneville # 5 _______________ _____ ________________ _ 
Delfos #719 _____________________ _________ _______ _ 
Delta Pine Land # 10 _______ ______________________ _ 
Delta Pine Land #1L ____________________________ _ 
Acala 5-37 _____________________________________ __ _ 

Sikeston 
952.5 
873.0 
900 .0 
940.5 

1027.5 
1135.5 
1015.3 
790 . 5 

Hayti 
1834.4 
1824.6 
1716 .7 
1697.1 
1775.6 
2079.7 
1962 .0 
1638.3 

The capacity of the Delta Pine Land strains to produce high 
yields under the conditions of these tests is clearly indicated. Yielding 
ability alone, however, cannot be taken as the measure of the value 
of a cotton variety. There are other factors, including earliness, 
growth habit of plants, and quality of the staple and other factors, 
that are important. Stoneville No. 4 although slightly inferior in 
yield to several other varieties in this test, appeared to be particularly 
well adapted to Southeast Missouri conditions on account of its earli
ness, semi-dwarf growth habits, excellence of staple, large bolls, and 
resistance to storms. 
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Soybeans in Missouri (B. M. King) . . There are two principal ob
jections to the present varieties of soybeans in Missouri. They are: 
(1) The destructive tendency to lodge on rich land and (2) The dark 
colored seed coat which greatly reduces the cash value of the crop for 
milling. An effort is being made to produce a variety that will over
come these objections. 

Two hundred plant selections were made in 1924 from the sixth 
generation of a cross, Virginia x S. P. I. 37062. Plants were chosen 
that showed the same general growth habit as Virginia and yellow 
seed similar to those of the male parent. The unselected progeny of 
this cross was tested in earlier generations and compared favorably 
in productiveness with Virginia. The yield of seed was, however, 
below that of the male parent. 

Seventy-five crosses involving nine parent varieties were made in 
1932, and the second generation grown in 1934. Individual plant 
selections will be made from a later generation. 

Twenty-six varieties and strains of soybeans were included in 
the rod-row yield test at Columbia in 1934. Owing to the irregularity 
of stands and low yields resulting from extreme drought and heat, no 
record was made of the yields. However, a sufficient quantity of seed 
of the various strains was obtained for a yield test in 1935. 

Nine varieties and strains were grown this season in four series 
of drill width plots at Sikeston and Elsberry. The results of these 
experiments are shown in Table 4. 

TABLE 4.-YIELD OF SOYBEAN VARIETIES AND STRAINS 

Variety 
Illini _____ ---------------- _______________________ _ 
Dunfield __ -------------- - ----- ___________________ _ 
~anchu-----------------------------------------
Scioto --------------------------------------------54563-3 Sel. _____________________________________ _ 

liarbinsoY------- - --------------------------------Wilson _____ ---- __ -------- ______ ------ ___________ _ 
Virginia------------------------------------------Pinedel] _________________________________________ _ 

Location of Tests 
Elsberry Sikeston 

20.9 5.5 
19.3 4.1 
24.2 12 .0 
26.7 11.2 
29.5 14.9 
12.4 9.2 
21.7 
25.9 14.2 

12.5 

Corn Breeding by a New Method (L. J. Stadler, G. F. Sprague). 
Recent experiments (particularly those of Jenkins at the Iowa Station) 
have indicated that selection has little effect upon the breeding value 
of inbred lines after the first generation of self-fertilization. In the 
new series of inbreds the test of breeding value is to be applied at the 
beginning rather than at the end of the period of inbreeding. Selected 
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foundation plants are both selfed and top-crossed. This is accom
plished by selfing the ear when the first 150 to 200 silks have appeared 
and top-crossing by mixed pollen of a variety of different endosperm 
color three or four days later. The seed produced by these two polli
nations may be separated on the basis of endosperm color. At harvest 
the most promising of the selected plants will be chosen for further 
tests and in the following season the top-crossed seed of these is planted 
for comparison. On the basis of this test the plants of highest breeding 
value will be identified and the best plants of the first year's top-cross 
tests will be chosen for extensive selection in the first selfed generation. 

Genetics of Maize (L. J. Stadler, G. F. Sprague); The studies of 
"deficiency shift" previously outlined have been continued and ex
tended. The locus of Dj 51 was found to be between bv and bm1 and 
probably between bv and bt. The deficiency greatly reduces the fre
quency of crossing over not only in the region which includes it, bm1-bv, 
but also in the adjacent region bv-pr. It has little effect on crossing 
over in the region a2-bt, which is almost wholly in the other arm of the 
chromosome. Among the few crossovers which occur near the locus 
of the deficiency the larger proportion appear to be nonhomologous. 
These should include modified deficiencies of various types at new 
loci in Chromosome 5. Two of these types, Dj 5Ja and Dj S1h have 
been established in independent strains and genetically tested. Others 
are now under investigation. 

Experiments on the mechanism of gene rearrangement induced by 
X-ray treatment have been carried on by various methods: Cyto
logical study of this problem was undertaken by Dr. Ladley Husted, 
a General Education Board fellow. Of 215 embryos of the plant 
Crepis capillaris studied 30 showed the presence of a translocation 
and 3 the presence of a deficiency. In each case the modified chromo
some type was characteristic of all cells of the affected embryo, indi
cating that the effect of the treatment in bringing about translocation 
or deficiency was completed before the first division of the zygote. 

HOME ECONOMICS 

MABEL V. CAMPBELL, Chairman 

The Effect of Cooking Upon the Composition and Serving Value 
of Beef (Jessie Alice Cline, Christine Nesbitt). This is a part of the 
Cooperative Meats Investigation Project. Four cuts were compared, 
namely: Prime rib, chuck, top round, and heel-of-round. The time 
required for cooking the various roasts is shown in Table 5. 
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TABLE 5.-CooKING TIME FOR RoAST BEEF 

Underdone Medium-Done Well-Done 
*62' C.-75' C. 68' c.-85" c. so· c.-95· c . 

Method 
Cut Constant Weight Time Weight Time Weight Time 

150' c. of per of per of per 
Roast Pound, Roast, Pou nd, Roast, Pound, 

pounds minutes pounds minutes pounds minutes 

Prime Rib ____ Uncovered 8 .53 20 .40 8.41 23.07 7 .83 29.75 Chuck_ ______ Uncovered 15.10 9.60 17.75 10.42 17 A9 18 .41 
Top Round __ . Uncovered 7.17 22.45 7.23 28.91 5.30 49.05 
Heel-of-Round Covered 5.19 23.31 5 . 45 2.1. 1-l 6 .23 28.25 

*Heel-of-round had to be cooked to 75 • C. to be tender. 

Table 6 shows the cooking losses for the same roasts. 

TABLE 6.-CooKrNG LossEs FOR RoAsT BEEF 

Evapora· Losses Total 
Cut Method of Degree of tio n Drippings LeAses 

Cooking D one ness % % % 

Underdone _____ 8.97 3 .98 12.95 
P rime Rib-------------- Uncovered ______ Mdium-done ___ 9.99 7.39 17.38 Well-done ______ 11.40 9 .54 20.94 

Underdone __ _ -- 5.56 

I 
l. 35 6.91 

Chuck ___ ------_-_--- ____ Uncovered ______ Medium-done ___ 7.55 2 .00 9. 55 
Well-done ______ 13.09 4 . 27 17.36 

Underdone _____ II. 50 

I 
3 .14 14 . 64 Top Round _____ ____ _____ Uncovered ______ Medium-done ___ 17.32 7 .37 24 .69 Well-done __ ____ 28 .05 4 .7-! 32.75 

I 
----Underdone _____ 15.14 5.70 20.84 

Heel-of-Round ___ - ------- Covered ___ ___ _ . Medium-done ___ 16.21 6.71 22.92 
Well-done_--- . . 18 .48 9 .03 27.51 

Table 7 shows the decrease in the number of servings available 
per pound of roast as the degree of doneness increased. 

TABLE 7.-NuMBER oF SERVINGs FROM RoAsTs CoMPARED wiTH DEGREE OF 
DoNENESS 

Cut 

Prime Rib ___ ___ ___ __ __ ____ ____ _ 
Chuck _______ __ ________ ________ _ 
Top Round ____ ___ ___ _______ __ _ _ 
Heel-of-Round _____ ___ __ ____ __ __ _ 

Underdone 
100-gram 
servings 
per lb. 

3.2 
3 .4 
3 .9 
3.6 

Medium-Done 
100-gram 
servings 
per lb. 

3.0 
3 .3 
3.4 
3.4 

Well-Done 
100-gram 
servings 
per lb. 

2.5 
2.9 
3 .0 
3.1 
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Considering the original cost of the meat, the cost of the gas 
consumed, and the number of servings obtainable per pound of un
cooked meat, the heel-of-round cost 6.2 cents per serving; the chuck 
6.7 cents per serving; the prime rib 8.9 cents; and the top round 10.6 
cents per serving. 

Chemical analysis showed that an increase in degree of doneness 
with a few exceptions, caused an increase in the moisture, fat, protein, 
and total ash content of the drippings. The protein content of the 
drippings was only slightly increased by the degree of doneness. The 
percentage of protein of the uncooked cuts ranged from 16.63% in 
the prime rib to 21.38% in the top round. In the cooked cuts it 
ranged from 21.31% in the prime rib to 27.8% in the heel-of-round. 
Moisture content of the uncooked cuts ranged from 64.44% in the 
sirloin tip to 74.78% in the prime rib (6-7-8), and in the cooked cuts 
from 58.88% in the sirloin tip to 63.35% in the top round. 

The percentage of fat ranged from 5.66 in the top round to 
16.13 in the sirloin tip in the uncooked cuts, and from 8.24 in the 
top round to 16.35 in the prime rib (6-7-8) in the cooked roasts. 
Total ash ranged from .93% in the prime rib (6-7-8) to 1.09% in the 
top round in the uncooked cuts and from .97% in the prime rib (9-10-11) 
to 1.17% in the top round in the cooked ones. In all cuts the percentage 
of phosphorus and calcium as well as those of total ash, very closely 
paralleled the percentage of protein. 

HORTICULTURE 

T. J. TALBERT, Chairman 

The Effect of Length of Day upon Reproduction in Horticultural 
Plants (A. E. Murneek). Of the many factors affecting the determina
tion and maintenance of sexual reproduction in higher plants, the 
effects of length of day seem especially important. Soybean plants 
switched over from a short-day (7-hour exposure to light) to a long
day (14-hour exposure to light) showed changes in the chemical com
position of the stems of the plants more than of any other vegetative 
organ. 

Young plants changed from long to short daylight exposure 
stopped growth in height, increased the carbohydrates in the stem, 
and increased all forms of soluble nitrogen compounds in the stems 
and especially of nitrates in the upper portion of the stem. When 64 
days old, the short-day plants and those plants switched over from 
long to short daylight exposure showed abundant development of 
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flower buds. At this time there was an extraordinary accumulation 
of sugars and starch in the stems of these plants amounting to 8 to 10 
times as much as in the non-flowering (long, and short switched over 
to long day) plants. This would seem to support the theory that a 
relatively high carbon-nitrogen ratio leads to sexual reproduction 
of plants. 

A Comparison of Cyanamid, Sulphate of Ammonia, and Nitrate 
of Soda as Fertilizers for Apple Trees (A. E. Murneek, G. E. Smith). 
Calcium cyanamid, ammonium sulphate, and sodium nitrate have 
been applied at two periods in the fall and in the spring, 3 and 5 weeks 
before the expected flowering of apple trees growing in bluegrass sod. 
Under optimum moisture conditions the transformation of cyanamid 
to ammonia was very rapid and the rate of nitrification was similar 
to that of ammonium sulphate. When the soil was deficient in mois
ture, the rate of decomposition of cyanamid was much retarded. Soils 
receiving cyanamid and ammonium sulphate did not contain an appre
ciable quantity of ammonium nitrogen or nitrate nitrogen from 12 to 
18 inches below the surface. This indicated that there was little loss 
of these substances from leaching. When sodium nitrate was applied, 
the nitrate nitrogen content at that depth was significant. 

Although some sodium nitrate was lost through leaching and the 
fibrous roots of the trees and bluegrass plants did not indicate a greater 
increase in nitrogen absorption from cyanamid, the soil rece1vmg 
cyanamid contained less soluble nitrogen than did the soil receiving 
nitrate of soda or sulphate of ammonia. 

Since there was not much downward movement of nitrogen from 
cyanamid this would seem to indicate that some of the nitrogen from 
cyanamid was in an insoluble form. The net effect of this condition 
should result in a slower availability of nitrogen and decreased ·loss 
from leaching. Therefore, fall application of cyanamid seemed to be 
the more desirable. 

Analyses of the fibrous tree roots and branches indicated that 
they were active in the fall and winter but the absorbed nitrogen did 
not reach the branches until growth began in the spring. Sodium 
nitrate was taken up most rapidly, followed by ammonium sulphate, 
and cyanamid. However, cyanamid gave a further increase in nitrogen 
content of the roots, after the effects from the other materials had 
started to decline. The absorption of cyanamid applied in the spring 
was rapid, but in view. of its behavior under deficient soil moisture, it 
would seem advisable to make applications very early in the spring 
or still better in the fall. 

Analyses of bluegrass beneath fertilized trees indicated that ab
sorption of the fertilizer in spring and fall by the grass was most rapid 
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in the case of sodium nitrate, followed by ammonium sulphate and 
cyanamid. The quantity absorbed was sufficient to rob the trees of 
a considerable amount of the applied nitrogen. There was no burning 
of grass from the fall application of cyanamid, but considerable burning 
occurred in the spring. The injury was outgrown and during the 
summer the bluegrass receiving cyanamid had a higher nitrogen con
tent than that receiving sodium nitrate. 

Unbalanced Fertilization of Fruit Trees (A. E. Murneek, E. J. 
Gildehaus). Field and laboratory experiments showed that severe 
leaf scorch was produced on trees fertilized with an excessive quantity 
of cyanamid. The immediate effect was a discoloration (chlorosis) 
of the cells in the vicinity of the veins and was followed about 14 days 
later by marginal burning (leaf scorch). An equivalent amount of 
nitrogen applied as sodium nitrate failed to produce these results. 
Liberal quantities of potassium sulphate applied with the above fer
tilizers had no effect on the amount or severity of the leaf scorch 
produced. 

The Use of Fertilizers on Strawberries (A. E. Murneek, J. H. 
Long). Fertilization of strawberries with nitrogen applied in various 
quantities and at various times during the growing season, have given 
erratic results. In an effort to determine the reason for this the nitro
gen and carbohydrate metabolism throughout the year are being 
investigated. 

During the fall and early winter months the total sugar content 
of the leaves decreased and there was a corresponding very rapid in
crease of these plastic carbohydrates in the stems and roots. The 
relative concentration of starches increased in the leaves up to No
vember, followed by a decrease thereafter, which undoubtedly was 
due to the movement and storage of starch in the roots. At the end 
of the growing season the nitrogen concentration in the leaves was 
reduced rapidly with a concomitant increase in the stems and roots. 

In the spring a progressive decrease in nitrogen concentration 
occurred in the stems and roots. This continued until the fruit bearing 
period and time of production of runners, when these organs were 
depleted of nitrogen. The stems and roots were likewise storage 
organs for carbohydrates which were hydrolized in the spring and 
used in large quantities for growth, fruiting, and runner development. 

Grape Nutrition (H. G. Swartwout). Sulphate of ammonia, ma
nure, and a complete fertilizer have been applied to grapes without 
response either in vine growth, production, or quality of the clusters 
produced. 
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The severe drought of 1935 prevented a large portion of the crop 
from properly maturing and the vines were considerably weakened, 
which made pruning for the 1935 season much heavier than usual. 

Apple Pollination (A. E. Murneek). Almost all of the commercial 
varieties of apples grown in Missouri are either self sterile or partly 
self sterile. Many of the newer apple plantations in the State consist 
of but few, often only two varieties. It therefore has been deemed 
necessary to determine which varieties are the best pollenizers for the 
major crop varieties. This year the Golden Delicious, a relatively 
new variety, has been tested since it is being planted extensively in 
new orchards and is frequently used for replanting vacant places in 
old orchards. Golden Delicious, while not the best, ranks high as a 
producer of effective pollen and therefore must be grouped among the 
four good pollenizers, the other three being Delicious (Red), Jon a than, 
and Ben Davis. 

Minkler and Arkansas (Black Twig) are very desirable commercial 
varieties of apples except that they are very erratic in setting fruit. 
In most years the trees flower abundantly but there is usually an 
abnormally heavy drop of the blossoms or young fruit soon after 
setting. 

Wealthy pollen gave the best results with Minkler and Delicious 
with Arkansas. Grimes pollen produced the lowest set of fruit when 
used on Minkler and no fruit at all with Arkansas. Open pollination 
resulted in much higher fruit set than that from any definite variety 
of pollen. It would seem (I) that other varieties than the ones used 
may be more efficient as pollenizers of the Minkler and Arkansas, or 
(2) that the experimental procedure was detrimental to the maximal 
setting of fruit. 

Variety Tests with Watermelons (R. A. Schroeder). Several 
strains of wilt resistant varieties of watermelons have been obtained 
from Dr. D. R. Porter of Davis, California. Three varieties have 
been obtained from Japan. These varieties were compared with 
Kleckly Sweet, Black Seeded Winter Queen, Market Wonder, Pride 
of Yukon, and Pride of Muscatine. The California strains produced 
melons of better quality than any of the wilt resistant commercial 
varieties grown. However, they were not as good in quality as Kleckly 
Sweet. 

The three Japanese varieties were of excellent quality, Honey 
Cream being slightly superior to either Japanese Sweet or Japanese 
Honey. These melons were smaller and earlier than the usual com
mercial varieties. On account of their high quality and earliness they 
have a place in Missouri as a home garden variety, but their rind is 
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too thin for a shipping melon. All three of these Japanese varieties 

were susceptible to wilt. 

Virus Diseases of Plants (C. G. Vinson). Virus diseases consti

tute one of the most important problems in biology. They are uni

versal and are the most dreaded diseases of plants and animals since 

so little is known of the nature of the causal agent. Previous work at 

this Station has resulted in the securing of concentrated virus fractions. 

Incubation of virus fractions with trypsin has resulted in a great de

crease in infectivity. Heating the digests at 70° for 20 minutes largely 

restored the infectivity. The addition of enterokinase to the trypsin

virus digest did not cause permanent inactivation. 
A mixture of papain and trypsin was less effective in inactivation 

of the virus than trypsin alone. Increasing the concentration of 

trypsin in the digests did not cause permanent inactivation of the 

virus. Papain inactivated the virus to a marked degree and there 

was no significant increase in infectivity after heating to 70°. Mixed 

cultures of micro-organisms brought about a slow inactivation of the 

virus but this inactivation was not complete in 5;4 months. Cultures 

of B. proteus and B. aerogenes were no more effective in inactivating 

the virus than the mixed cultures. 
Virus fractions obtained from the mixed culture digests con

tained about the same percentage of nitrogen, ash, and phosphorus on 

the basis of total solid content as those fractions derived from the 

controls. Soil micro-organisms brought about a decrease in infectivity 

of virus fractions and this decrease was associated with the formation 

of ammonia. 
It is now possible to reduce the ash content of our virus prepara

tions until there is only about 2% of ash present on the basis of total 

solids. Previous fractions have contained considerable ash, the ace

tone precipitate 30% or more; the fraction obtained by decomposing 

the safranin-virus precipitate with Lloyd's Reagent 10 to 20%; and 

the ash content of the phosphate eluate from the lead precipitate also 

was high. 

The Stimulation of Lateral Buds on Plants (C. G. Vinson, Frank 

Horsfall, Jr.). Young apple trees when not cut back seldom develop 

well distributed scaffold branches. Heading back young apple trees 

often resulted in clustering of the main branches about the trunk of 

the tree, resulting in weak unions. The crotches thus formed were 

often narrow and more subject to winter injury. One-year-old apple 

trees of certain varieties after being submerged one to three hours in 

2 to 3% thiourea solutions usually developed laterals well distributed 

along the trunk. 
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In a like manner sweet potatoes that normally produced most of 
the slips from the stem-end when bedded were made to produce slips 
along the entire root by soaking one hour in a 1 to 2% solution of 
thiourea. 

Yellows Resistant Cabbage Varieties (H. G. Swartwout, R. A. 
Schroeder). The most outstanding varieties of cabbage resistant to 
cabbage yellows for Missouri conditions have been found to be: Marion 
Market, of the Copenhagen type; Jersey Queen, of the Jersey Wake
field type; Globe, a selection of Glory of Enkhuizen; and a ne\v strain 
developed at the Wisconsin Experiment Station from the Copenhagen. 

All of these early and second early varieties proved to be 98 to 
100% resistant on a heavily infested soil. Standard varieties such as 
Copenhagen, Golden Acre, Jersey Wakefield, Charleston Wakefield, 
and Glory of Enkhuizen, showed from 67 to 89% susceptibility to 
cabbage yellows. 

The resistant varieties produced heads of almost equal weight to 
the standard varieties from which they were selected and were prac
tically as early in maturing. 

Wilt Resistant Varieties of Tomatoes (R. A. Schroeder). Selec
tions were made from Marvel, Break 0' Day, Marglobe, and Master 
Marglobe plants, planted on wilt infested soil. Marvel appeared to 
be more resistant than any of the other varieties grown. 

Setting Midwinter Tomatoes (R. A. Schroeder). On account of 
the reduced amount of sunlight, commercial greenhouse growers have 
found that a profitable set on a mid-winter crop of tomatoes has been 
difficult to obtain. In order to study the factors involved, Break 0' 
Day tomato plants were grown in the greenhouse during midwinter 
under various combinations of nitrogen, water, and light. All plants 
developed their first hand during the latter part of December. Hand 
pollination was practiced for all series. The number of fruit settings 
was greater where nitrogen was used. Variations in the water supply 
within limits did not greatly affect the set of fruit. In previous ex
periments a large amount of water resulted in a large vegetable growth 

. and small set. The plants receiving a smaller amount of water so 
that they made a good but not excessive vegetation growth gave a 
good set. It was believed that this difference in results occurred on 
account of the use of glazed jars in which the amount of soil and the 
confined root system of the plant limited its growth. The addition 
of artificial light did not increase the set. 

At the same time these plants were grown in jars, another group 
was grown in the greenhouse bed, and the environmental conditions 
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controlled and directed as much as possible towards what was believed 
to be conditions as favorable for fruit setting as it was possible to 
obtain under the reduced light. The plants made much better vege
tative gwwth than those in the glazed jars and set from four to six 
fruits on each hand and at no time did they show any inhibition of 
growth. 

With proper care to limit the amount of vegetative growth (by 
controlling the amount ofwater) and by practicing artificial pollination 
it is possible to obtain a good set of fruit upon the midwinter crop of 
tomatoes. 

Spraying Tests with Zinc Arsenate (H. G. Swartwout). In an 
effort to secure a substitute for lead arsenate a number of non-lead 
arsenicals have been tried. The most promising results have been 
obtained with zinc arsenate. Preliminary tests on Golden Delicious 
and Duchess trees showed that three applications of zinc arsenate at 
3-100 gave no injury. On Ben Davis trees sprayed with zinc arsenate 
3-100 beginning with the second cover and continuing through the 
fifth cover showed some injury but no more than developed with lead 
arsenate without lime at the same concentration. On Ben Davis, 
Jonathan, and York the zinc arsenate appeared to be practically as 
safe as lead arsenate. Codling moth control was good in all cases but 
the infestation was too light to give conclusive results. 

Zinc arsenate has been used alone, in combination with lime, with 
zinc oxide, and with zinc sulphate-lime. In some plats zinc arsenate 
was used throughout the season and in others lead arsenate was used 
in the peak sprays with zinc arsenate for all other applications. 

Zinc arsenate 3-100 with lead arsenate 3-100 once at the peak of 
the first brood worms and once at the peak of the second brood worms, 
gave practically the same control of codling moth as lead arsenate. 
When used in all the sprays the zinc arsenate gave less satisfactory 
control than lead arsenate. The zinc arsenate was less effective when 
used in combination with other material. 

On another plat zinc arsenate was used 3-100 with a small quantity 
of petroleum oil emulsion as a sticker. The addition of a small quan
tity of oil did not cause any visible injury, and the zinc arsenate was 
slightly more effective than the lead arsenate and lime spray where 
both were used throughout the season. 

During two years of trial the injury from zinc arsenate has been 
small. Calcium arsenate under similar conditions caused moderate to 
severe 111Jury. Both years have been below normal in ·rainfall. There 
are indications that zinc arsenate will cause more injury with greater 
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rainfall. Zinc arsenate proved most effective when used in com

bination with sprays of lead arsenate, the lead being used at the peak 

sprays. 

Substitutes for Arsenate of Lead (C. G. Vinson) . Lloyd's alka

loidal reagent precipitates alkaloids such as nicotine from solution. 

This precipitate is less soluble than nicotine sulphate and has lower 

volatility. A limited amount of spraying in the field was done with 

such a combination. 

The fruit at picking time, sprayed with this nicotine Lloyd's com

bination gave a percentage of wormy fruit of about 18 as compared to 

lead arsenate sprays giving from 9 to 15% wormy fruits. A combina

tion of iron and calcium arsenate has been prepared and tested. About 

15% of the apples from trees sprayed with this material was injured 

by worms. 

POULTRY HUSBANDRY 

H. L. KEMPSTER, Chairman 

Temperature Changes in Eg.gs (E. M. Funk). Eggs warmed to 

100° F. and then exposed in various containers in an egg room where 

the temperature was 50° F. required the following length of time to 

cool to 68° F. Single egg on a wire tray required 1 hour; three layers 

of eggs on a wire tray, 3 hours; eggs in the center of a wire basket, 5 
hours; eggs in a galvanized pail, 10 hours; and eggs in an egg case, 15 
hours. From these results it would seem that warm eggs should be 

cooled on wire trays or in wire baskets for 5 or 6 hours before they 

are placed in cases. 

The most important factors influencing the rate at which the 

temperature of the inside of an egg changed were the difference in 

temperatures between the egg and the air surrounding the egg, the 

rate of air movement at the surface of the egg, and the insulation 

around the egg or its container. 

Relation of Length of Incubation Period to Livability of Chicks 

(E. M. Funk.) A complete record has been kept of the length of the 

incubation period of each chick hatched on the University Poultry 

Farm. An analysis of the mortality which occurred during the first 

eight weeks showed that the last 10% of the chicks to hatch in each 

hatch had a considerably higher mortality than the first 90% of the 

chicks which hatched. 
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Grit in an All Mash Chick Ration (H. L. Kempster, E. M. Funk.) 
The value of grit as a supplement to the Missouri all mash chick ration 
has been tested. The same mash mixture was fed to two groups of 
chicks, one group having access to a hard grit in addition to the mash 
and the other group having the mash mixture alone. The use of grit 
did not increase the growth rate of the chicks raised to 12 weeks of age. 

Nutritional Requirements of Poultry (H. L. Kempster, E. M. 
Funk). Feeding trials with various proportions of meat scrap and 
dried skimmilk have shown a wide latitude in the proportions of these 
materials that may be used. Table 8 shows the results with four 
different protein supplements to the ration. 

TABLE 8.-GROWTH OF SINGLE CoMB WHITE LEGHORN CHICKS (FEMA LE s ) 
RECEIVING DIFFERENT PROTEIN SuPP LEMENTs-1935 

Protein Supplements Group 
Weights at 

No. 12 Weeks, 
Chicks grams 

10 lbs. Dried Skimmilk ___________ ________ _ 
5 lbs. Meat Scrap ___________ ___________ _ 
21bs. Steamed Bone MeaL ______________ _ 25 744 

2 10 lbs. Dried Skimmilk ___________________ _ 
Sibs. Meat Scrap _______________ __ ____ _ _ 27 715 

3 S lbs. Dried Skimmilk _____________ __ ____ _ 
10 lbs. Meat Scrap __________ ____________ _ 27 770 

4 S lbs. Dried Skimmilk ________ ___________ _ 
Sibs. Meat Scrap ______________________ _ 
Sibs. Alfalfa Leaf MeaL ___________ _____ _ 20 740 

There was little difference in White Leghorn pullets fed the various 
rations. When the ration contained 5% meat scrap there was very 
little to be gained by the addition of extra bone meal. Equally satis
factory results followed the feeding of 5 or 10% dried milk when sup
plemented with 10 or 5% meat scrap respectively and the growth of 
the chicks which were fed the ration containing 5% each of meat scrap, 
dried milk and alfalfa leaf meal suggested the possibility of reducing 
the amount of meat scrap and milk in rations for baby chicks. 

Growth of Turkeys in Confinement (E. M. Funk). The growing 
of turkeys in complete confinement has presented new feeding prob
lems. Turkeys closely confined and having access to small wire run
ways frequently develop "slipped tendons" or crooked hock joints
During the 1934 season bronze turkeys were raised in complete con
finement with the following rations before them at all times: 
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FIRST 8 WEEKS 
400 lbs. Yellow Corn Meal 
100 lbs. Bran 

FROM 8 WEEKS TO MATURITY 
Grain-Cracked Yellow Corn gradually 
changed to Whole Corn at 10 to 12 

50 lbs. Alfalfa Leaf Meal Mash 
150 lbs. Shorts 

weeks 
100 lbs. Yellow Corn Meal 
100 lbs. Bran 200 lbs. Dry Skimmilk 

100 lbs. Meat Scrap 
10 lbs. Salt 
10 lbs. Cod Liver Oil 

100 lbs. Shorts 
60 lbs. Meat Scrap 
40 lbs. Dried Milk 
4 lbs. Salt 

These rations produced well finished birds and gave fairly satis
factory growth. Only two cases of "slipped tendons" were developed 
by 60 turkeys. These turkeys were hatched May 30 and since it was 
abnormally hot during their early growing period their growth rate 
was slightly below normal. 

The Rate of Growth of Chicks Under Normal Conditions (H. L. 
Kempster, E. M. Funk). The normal rate of growth of White Leg
horn, Rhode Island Red, and White Rock pullets up to the age of 40 
weeks is shown in Table 9. 

TABLE 9.-AvERAGE \VEIGHTS OF PuLLETS IN GRAMS FOR 4-WEEK PERIODs 

Age in Weeks 

o ______________________ _ 

4-----------------------8 __________ ____________ _ 
12 ______________________ _ 

16 __ " ---- - ---------------20 ______________________ _ 
24 ______________________ _ 
28 ______________________ _ 
32 ______________________ _ 
36 ______________________ _ 
40 ___ ___ ______________ _ _ _ 

White Leghorns 
(6 years) 
Average 

39.7 
184.0 
457.6 
757.4 
998.5 

1161.9 
1352.2 
1478.6 
1549.7 
1572.8 
1587.3 

White Rocks 
(5 years) 
Average 

41.0 
179.2 
487.3 
853.0 

1159 .8 
1404.1 
1629.3 
1916.3 
2127.4 
2233.7 
2290.3 

R.I. Reds 
(6 years) 
Average 

41.5 
186.2 
485.5 
859.2 

1195.8 
1449.0 
1692.3 
1964.0 
2214.9 
2380.7 
2480.5 

All birds made the greatest gain per bird during the 8-12 week 
period. Leghorn pullets grew as rapidly as the other two breeds during 
the first four weeks. It was noticed that the average Leghorn gained 
considerably more during the 20 to 24 week period than for the pre
ceding period. The same was experienced with the other two breeds 
except that it occurred when the pullets were four weeks older, 24 
to 28 weeks. 

The Influence of Time of Hatch on Growth (H. L. Kempster, 
E. M. Funk). Not all groups of chicks of the same breed or strain 
grow at the same rate. It has been thought that the hatching date 
had some influence on this. Records were kept on chicks of the same 
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breed and strain hatched at different dates. The early hatched pullets 
at the age of 12 weeks exceeded in weight the late hatched as follows: 
White Leghorns, 56 grams; White Rocks, 140 grams; Rhode Island 
Reds, 192 Grams. However, the late hatched pullets attained a weight 
equal to the early hatched pullets as follows: White Leghorns, 32 
weeks; White Rocks and Rhode Island Reds, 36 weeks. It was ap
parent that the retarded growth experienced by the late hatched pul
lets resulted in an accelerated growth at the later age. Considering 
the time factor the early hatched pullets grew relatively faster for the 
period up to July 1 while the late hatched experienced gains above 
normal after August 1. This evidence would indicate that excessive 
summer temperatures result in retarded growth and that the effect 
was more acute with older pullets. The accelerated growth of the 
later hatched chicks perhaps can be attributed to the cooler tempera
tures that prevail in later summer and early fall. 

The Feed Purchasing Power of the Egg.s Laid by a Hen (H. L. 
Kempster). The year 1934 experienced the most unfavorable rela
tionship between feed and egg prices that has prevailed at any time 
since 1917. A lay of 122 eggs would purchase 116.3 pounds of feed or 
28 pounds less than for the preceding year. The average farm price 
of a mixture of corn, wheat, oats (5-3-3) was $1.27 and the farm price 
of eggs $.136 per dozen. The egg-feed ratio was 9.34. The following 
table shows the comparison with preceding years: 

TABLE 10.-THE EGG-FEED RATIO 1930-1934 

Average Farm Price of Feed 
per 100 Pounds 

1930 _________ _______ $1.50 
1931________________ .98 
1932_________ _______ .58 
1933________________ .80 
1934 ___ _____________ 1.27 

Average Farm 
Price of Eggs 

per Dozen 
21.0 
14.1 
10.8 
10.2 
13.6 

Pounds of Feed 
122 Eggs would 

Purchase 
138 
146 
196 
143 
116 

Egg-Feed 
Ratio 
7.10 
6.95 
5.37 
7.81 
9.34 
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RURAL SOCIOLOGY 

E. L. MoRGAN, Chairman 

The Availability, Use, and Needs for Additional Library Service 
in Rural Communities in Missouri (E. L. Morgan, Melvin W. Sneed). 
This investigation included a study of the location of libraries, number 
of books, extent of use of library facilities by farmers, increase or de
crease in demand by farmers for libr ary service during the present 
emergency, and the extent of the development of circulating libraries 
as a loan service to rural communities. It included all public libraries, 
college, high school, private, and rental libraries in the State. An 
estimate showed that there are over 1,700,000 persons in Missouri 
without public library facilities. Nearly all of these are rural people. 
Excluding the cities of St. Louis and Kansas City there are 133 public 
libraries in the State, 50 of which are tax-supported. Although Mis
souri has an enabling act there are no tax-supported county libraries. 
Over one-half of the libraries reported an increase in the circulation of 
books to farmers in 1934. About nine cents per capita were spent 
for public library purposes during 1934. 

The Rural Church in Missouri (Melvin W. Sneed, Douglas Ens
minger.) Data have been secured from 3,000 rural churches. The 
rural area has been divided into seven classifications on the basis of 
population. These divisions range from the open country to places 
having 1,500-2,500 population. The factors included in this study 
have been church size, frequency of services, attendance, ministerial 
tenure, and others. The rural church was found to be small, which 
in turn resulted in a higher percentage of infrequent services, low
salaried pastors, and various contingent difficulties. A village-ward 
trend in membership was noticed. This seemed to have been intensi
fied by the recent financial emergency. 
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SOILS 

M. F. MILLER, Chairman 

Outlying Soil Experiment Fields (M. F. Miller, H. H. Krusekopf). 

Drought and chinch bugs caused a .failure of all crops, excepting wheat, 

on the Elsberry, Green Ridge, and Kidder Experiment Fields. All 

clover seedings were destroyed. Seeding of red clover in August on 

wheat or oat land, was successful except where the stand was destroyed 

by grasshoppers. The practice of late summer seeding of red clover 

seems practical, provided the land is reasonably free of grass and weeds. 

On the Sikeston Experiment Field in southeastern Missouri the 

dry weather did not seriously affect cotton as indicated by the following 

yields: 
Pou nds Lint 

Soil Treatment Cotton per Acre 
No treatment_ ____ ______ __ _____ ___ ____ ___ __ ___ 324 
Sodium nitrate. ____ ____ __ __ ____ - --- ______ --- __ 325 
Kaimt_ ___ --- - ----- - ___ _____ __ ___ ____ ______ ___ 359 

4-10-6 @ 200 #-- - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - 3 94 
4-10-6 @ 400 #---- -- -- - - - - -- -- - - - - - - -- - - - - - - - - 3 99 
4-10-6 @ 600 #---- - - - -- - - - - - - - - - -- - - - - - - - -- - - - 3 80 
4-10-6@ 200#, Sodium nitrate .. --------------- 362 

Kainit was effective in reducing rust disease on cotton. In for

mer years the soil represented by Sikeston Field was well adapted to 

the growing of clover. Now lime must be applied for the successful 

growing of this crop. 
Soil Erosion Studies (M. F. Miller, H. H. Krusekopf). The dry 

year of 1934 did not permit the accumulation of much data although 

the rains which occurred in late summer and fall caused considerable 

runoff and erosion. 
The revised plan on the old erosion plots which are now all kept 

fallow has been designed to show the after effects of different long 

continued systems of cropping and cultural treatments on erosion 

from bare and cultivated land. The year's results showed the con

tinued effect of the previous bluegrass system in curtailing erosion 

losses as compared with plots that had been in continuous corn, con

tinuous wheat, or continuous fallow. 

The influence of the larger amount of organic matter in the former 

bluegrass plot as compared with the other plots was very striking. 

However, the data as yet are too meager to measure accurately the 

comparative effects of the other previous treatments on erosion losses. 

The Productivity of Missouri Pastures (M. F. Miller, H . H. Kruse

kopf). In cooperation with the Departments of Agricultural Chern-



76 MissouRI AGRICULTURAL ExPERIMENT STATION 

istry, Animal Husbandry, Dairy Husbandry, and Field Crops. As a 
result of the dry weather pasture grasses (bluegrass) went into dor
mant condition in June. No yield data were obtained. New grass 
seedings with a nurse crop had a very poor stand. Frequent rains in 
the fall caused the surviving bluegrass to make a vigorous top growth 
but there was little tendency for the sod to spread laterally. The in
jurious effect of the dry weather was less apparent on those plots that 
received a liberal application of a mineral fertilizer at the time of 
seeding. 

Rotation and Fertilizer Experiments, Sanborn Field and South 
Field (M. F. Miller, H . H. Krusekopf). No significant results were 
obtained because of the severe drought. Wheat yields varied widely
from about two bushels per acre on untreated land to over twenty 
bushels where a full fertilizer treatment was made. Corn made an 
almost normal growth, but did not develop grain because the pollen 
was destroyed by the high temperatures. The average yield of air 
dry fodder, cut about August 2 when one-half of the leaves were yet 
green, was a little more than one ton per acre. Corn and grass were 
damaged most severely on those plots receiving manure annually. 

Nitrogen and Carbon Accumulation in the Soil (M. F. Miller, 
W. A. Albrecht, H . Jenny). Plots of the nitrogen and carbon accumu
lation series suffered seriously from the 1934 drought but the growth 
on the original series was quite satisfactory. The original plots were 
sampled for another determination of the nitrogen carbon content. 
The use of lime and phosphorus has resulted generally in much better 
growth than without such treatments. Therefore, the nitrogen and 
carbon turnover has been larger during this period. During the 
period prior to the use of lime and phosphorus the actual gain in nitro
gen and carbon has been small, the only treatments resulting in a 
positive gain being those of continuous clover turned under, continuous 
alfalfa harvested, and continuous bluegrass clipped with a lawn mower 
and the clippings left on the ground. The continuous rye, turned 
under in May and the land left fallow until fall, has shown a very 
striking loss. Apparently, under the usual cropping systems, even 
with legumes, and in spite of a fairly satisfactory nitrogen and carbon 
turnover, the maintenance of these elements in this latitude is difficult. 
The production of a rather large growth of crops and the careful return 
of the residues are necessary if actual gains are to be secured. Very 
little erosion has taken place on the plots since they are practically 
level. Emphasis must undoubtedly be placed on a continued nitrogen 
and carbon turnover rather than upon the maintenance of a high 
level of these elements in the soil. 
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Aggregation of Desert Soils (L. D. Baver). Desert soils were 

found to be characterized by a low percentage of clay as a result of 

physical weathering rather than chemical. The organic matter con

tent was low. Because of a small percentage of potential aggregate 

material and a low amount of granulation agents there were only 

about 6.5% of aggregates larger than silt in the entire soil. Only 13.7% 

of the clay and silt was present in the form of stable aggregates. 

Aggregation Studies of Brown Forest Soils (L. D. Baver). Brown 

forest soils from Ohio and Pennsylvania contained from 30% to 40% 

aggregates larger than .05 mm. in diameter. From 40% to SO% of 

the silt and clay fractions have been aggregated into units larger than 

silt. The Ar horizons contained 28% more aggregates than the Az 

horizons. About 40% more of the silt and clay in the Ar horizons 

.was granulated than in the Az. Virgin forest soils were found to con

tain 61% more stable granules than adjacent cultivated soils. About 

59% more of the silt and clay in the forest soils was aggregated than 

in the corresponding cultivated soils. A correlation of 58.4% was 

obtained between the percentage of aggregates larger than .05 mm. 

and the percentage of organic matter present. There was a 71% 

correlation between the organic matter content and the percentage 

of silt and clay particles that were aggregated into larger stable granules. 

Factors Contributing to the Genesis of Soil Micro-Structure 

(L. D. Baver). The term "soil micro-structure" refers to the secondary 

particle formation within the soil. A study of 77 different soils, ex

clusive of lateritic soils, has shown that the percentage of the finer 

fractions (clay) present in the soil which may be aggregated and the 

amount and effectiveness of the aggregating constituents within the 

soil were the primary causes of the formation of the soil micro-structure. 

A correlation of 56.6% was obtained between the percentage of aggre

gates greater than .05 mm. and the .005 mm. clay content; this corre

lation with .001 mm. clay was only 37.9%. As the organic matter in 

the soil decreased the correlation between clay content and the amount 

of aggregates became more significant. A correlation of 42.8% was 

obtained between the .005 mm. clay content and the percentage of 

mechanical separates less than .05 mm. that had been aggregated into 

granules greater than .05 mm.; this correlation with .001 mm. clay 

was 23.9% (21% being significant). 
In correlating aggregation with the organic matter content it was 

found that 55.9% correlation existed between the percentage of aggre

gates greater than .05 mm. and the organic matter present. A 57.5% 

correlation was found between the organic matter content and the 

percentage of mechanical separates less than .05 mm. that had been 
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aggregated into units greater than .05 mm. As the percentage of clay 
decreased the effectiveness of organic matter in promoting granula
tion increased. 

No correlation was found between the amount of exchangeable 
calcium and the degree of aggregation of soils. Soils that were originally 
saturated with the calcium ion were desaturated with dilute HCl 
without changing the amount of aggregates present. It seems that 
with the exception of lateritic soils, organic matter is the chief factor 
in producing stable soil granules. In lateritic soils colloidal Ab03 and 
Fe203 undoubtedly exert significant effects on the formation of secon
dary soil particles. 

Surface Behavior in the Hydration of Clays (L. D. Baver, Hans 
Winterkorn). The ratio of hydration of colloidal clays in an excess of 
water to that in an atmosphere of water vapor was almost constant 
for all ions indicating an identity of the water-binding forces for both 
phenomena. The hydration of clays in aqueous suspension was re
lated to the energy of adsorption of water molecules. Water molecules 
may be oriented at the surface due to the surface or adsorbed because 
of osmotic effects. The first process is associated with a release of 
an appreciable amount of heat and is referred to as "hydration." 
Osmotic hydration takes place in organic colloids and highly hydrated 
inorganic colloids having a thick diffuse double layer. The diffuseness 
of the ionic atmosphere is in part dependent upon the electric structure 
of the colloidal surface. The nature of the inner layer and its effect 
on adsorption of ions and the water molecules as well as the adsorbed 
ions determine to a great extent the character and amount of hydra
tion in aqueous clay systems. 

An increase in temperature increases the kinetic energy of the 
water molecule and decreases the hydration of the particles. A 10° 
C. rise in temperature caused a 50% decrease in hydration even though 
the vapor pressure was held constant. 

Swelling of Colloidal Alumino Silicates (L. D. Baver, Hans Win
terkorn). Bentonites and clays differ in their capacities to swell and 
in their behavior to the different ions on the exchange complex. The 
high swelling of bentonite is probably due to the attraction of water 
molecules to the surface by forces within the inner layer. Bentonite 
contains about 15% to 20% more effective ions per gram than Putnam 
clay but swells over 100% more than clay. K-saturated bentonites be
have similarly to the Li- and Na- systems because of a hydrated sur
face which permits an osmotic type of hydration. In the case of the 
weakly hydrated Putnam clay surface, the K-saturated clays imbibe 
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only sufficient water to satisfy the adsorptive properties of the surface 
and do not swell. Non-porous and non-aggregated soil colloids with 
plate-shaped particles produce the most swelling per unit mass. Swel
ling of soil colloids is a complicated physico-chemical phenomenon. 
The concept of molecular orientation on surfaces and interfaces and 
around ions is used to explain the swelling process. 

Calcium Content of Soils (W. A. Albrecht). Determinations of 
exchangeable calcium in soils have shown a wide variation. Its possible 
close connection with crop production, especially legumes, has been 
suggested. A systematic study of the different soil types of the state 
has been started. To date 21 types including 289 different samples 
have been tested for their exchangeable calcium. 

Studies also have been made of the replaceable potassium in these 
samples. Perhaps soils high in replaceable potassium and low in ex
changeable calcium need smaller applications of readily soluble lime
stone for the best effects. 

The determination of these characters will be of value in land 
classification. There is a direct correlation between land values and 
the amount of replaceable calcium and potassium. Measures of these 
properties should contribute to the better classification of soils for 
production. 

The Effect of Different Soil Treatments, Long Continued, Upon 
Bacterial Activity in the Soil (W. A. Albrecht). To date 24 plots on 
Sanborn Field have been tested bi-weekly to determine the accumu
lation of ammonia and nitrate under additions of lime, organic matter, 
and both of these as contrasted to that in untreated soil. This included 
7 plots in continuous wheat with different fertilizer treatments, 2 in 
continuous corn, 2 in continuous sod, 3 in a 3-year rotation, 6 in a 
6-year rotation, and 4 in a 4-year ration. 

The results to date are shown in Table 11. 

TABLE 11.-THE EFFECT OF LIMESTONE AND ORGANIC MATTER ON NITRATE 

Ac<;:uMULATION 

Laboratory Treatment 

None _______ - - .-----------------
Limestone _________ ---------- ___ 
Organic Matter_ ___ _ _____________ 
Lime and Organic Matter __ .. ______ 

Maximum Nitrate Nitrogen-Poun1s per 2 Million 

Average 
all plots 

72 
135 
281 
365 

Field Treatments 

Manure No Manure Rotatbn Continuous 

87 51 76 68 
159 129 136 131 
242 231 283 279 
397 337 373 358 
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Soils which have been given field treatments of manure or rota
tion have averaged higher in nitrate accumulation than untreated 
soils. The effect by the manure was more significant than by rotation. 

Treatments that are beneficial for crop increases are likewise 
beneficial to bacterial activity for the nitrogen release as nitrate. An 
effort has been made to determine the effect of residual organic matter. 
The unknown nature of this material and the fact that specific measures 
of it are impossible make it difficult to use any specific tests other 
than for its general properties. 

As organic matter persists in the soil for a longer time against 
predominantly oxidative attacks of micro-organisms, it \vould seem 
that the remnant organic matter should be less readily oxidized by 
chemical reagents as the soil conditions for bacterial oxidation are 
more favorable. On the basis of this hypothesis tests were made of 
the carbon oxidizable by a chromic acid mixture in the soils of these 
plots. The outstanding fact determined by these tests was the wide 
variation in the amount of oxidizable carbon which varied from 5.35 
to 14.87 mgms. per gram of soil. It was interesting to note that the 
plots with no manure and continuous cropping were lowest in level 
of oxidizable carbon. The plots with chemical fertilizers were higher, 
those with rotation next, and those with manure highest. The oxidiz
able carbon made up the largest part of the total volatile matter in 
the plots with chemical fertilizers and the smallest part under no 
manure and continuous cropping. When related to the nitrogen the 
ratio was widest with the chemical fertilizers and narrowest under 
manure. 

These facts suggest that chemical fertilization encourages bac
terial oxidation of the nitrogen to a lower level per unit of oxidizable 
carbon than in other soils. Perhaps the manure treatment leaves an 
organic residue with oxidizable carbon less plentiful in relation to the 
nitrogen. The fluctuations from the mean figure were least in the 
chemical fertilizer treated soils and widest under the continuously 
cropped soils. 

This seemed to suggest that possibly the organic matter residue 
approached a fairly constant composition when soils were fertilized. 
A wide variation in composition of the organic residue reflected defi
ciencies in the bacterial ration representing corresponding deficiencies 
in the plant nutrition. 

Land Classification (H. H. Krusekopf, H. Jenny). The demand 
for a land classification of Missouri has become more urgent than ever 
before. One of the most recent activities requiring more exact land 
information is in connection with the rural rehabilitation efforts by 
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State and Federal agencies. Much material was supplied for the reports 
of the State Planning Board and the Land Use Survey of the National 
Resources Board. Maps have been prepared to assist in the selection 
of lands for acquisition by the Federal Government for the use of 
forests, parks, preserves, and settlement. A large number of charts 
for the State as a whole has been prepared. These charts indicate the 
various factors that are used in the differential system of land classifi
cation that has been developed. Some of this material is included in 
a booklet "Efficient USE of Missouri Lands," published by the Agri
cultural Experiment Station. A complete and detailed land classifica
tion is contingent on the re-establishment of the Soil Survey. 

Base Exchange and Stability of Colloidal Systems (H. Jenny, 
R. F. Reitemeier). It has been known for some time that chemical 
reactions in soils are accompanied by pronounced physical changes. 
If plant food is added to the soil in the form of fertilizer it becomes 
practically fixed by the colloidal clay particles and in this process the 
physical structure of the soil is altered. An effort has been made to 
ascertain the numerical relationships which exist between chemical 
reactivity (base exchange) of clays and their ability to form secondary 
particles. The elements which were strongly fixed by the clay colloids 
favored the formation of large particles which were highly important 
for good tilth, while those plant food cations which were poorly ad
sorbed (fixed) tended to increase the stability of the undesirable small 
particles in the soil. 

VETERINARY SCIENCE 

A. J. DuRANT, Chairman 

Low Titre Reactions to the Bang Agglutination Test in Cattle 
(Cecil Elder) . Cattle that have been low titre reactors rather con
sistently have been allowed to run with cattle that have been negative 
to the blood test in an effort to determine whether or not low titre 
animals could spread infection. to negative animals. All animals on 
the experiment were bred as soon as they were old enough. Blood 
tests have been made once every month. Up to the present time 
negative animals are still negative. So far the animals with the low 
titre have not proved dangerous to negative animals in the same 
pastures and barns. 

Transmission of the Bang Abortion Infection of Swine to Cattle 
(Cecil Elder). Swine artificially infected with Br. suis have been kept 
in close contact with cows running in a five-acre pasture. The infected 
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sows were continued in the pasture from July to December. At this 
time all the infected sows were removed from the pasture and the 
cows kept there until May, 1935. This rest period was given in order 
to determine if the addition of fresh infection later would have any 
influence upon blood titre in the cattle and also to determine if the 
blood titre in the cattle would fade during such period. Further ex
posure of the cattle to Br. suis has been recently accomplished by the 
addition to the pasture of artificially infected sows that had been 
dosed with living cultures of B1'. suis. The rest period had very 
little if any effect upon the blood titres of the experimental cattle. 
During the year normal gestation periods, varying from 275 to 283 
days, were observed with all calves dropped. All cows have con
ceived on the first service and there has been no abortion, no retained 
membranes, and no calving troubles during the year. Blood titres 
from the cattle have varied from negative to an incomplete agglu
tination in the 1-80 dilution. Exposure to abortion infection by con
tact with artificially infected swine did not seem to be a particularly 
dangerous procedure unless low titres are indicative of Br. suis in
fection in cattle. This latter point has not yet been proved. In sows 
that were artificially infected by drenching with living cultures of 
Br. suis, the incubation periods were found to be six or seven .days. 

Avitaminosis A in Swine (Cecil Elder, L. A. Weaver). This pro
ject is in cooperation with the Department of Animal Husbandry. 
Several experimental cases of Vitamin A deficiency have been pro
duced in hogs fed on the following basal ration: 

Ground white corn ________________________ 5 parts 

T a~kage~--- ~-- - -- ---- -- - -- - - -- -- - - - - _1-} 1 part 
Dned sk1mmtlk ______ __________________ 1-

Young shoats fed this ration developed symptoms of avitaminosis 
A in as short a time as two months but in most cases it took about 90 
days or longer. The most characteristic symptoms were diarrhea, 
emaciation, muscular incoordination, blindness, dermatitis, intense 
itching, and in white hogs a marked pink color of the skin. Resistance 
to secondary infections was lowered greatly. 

When severely affected animals were changed to a good ration 
and sufficient Vitamin A was made available marked improvement 
was noticed in from 7 to 10 days. Complete recovery took a much 
longer time. Sufficient Vitamin A was made available when high 
grade cod liver oil (1% of the ration), fresh green feed cut daily, or well 
cured alfalfa hay with a good green color, was added to the ration. 

Microscopic examination of the spinal cord and sciatic nerves 
showed unmistakable evidences of a fatty change or a myelin degenera-
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tion when examination was made early or shortly after the first symp

toms of incoordination developed. After several weeks had elapsed, 

even though the animals still showed symptoms, it was not possible 

to demonstrate the fatty change by the same technic. 

Perhaps Vitamin A deficiency may explain the cause for many of 

the so-called posterior paralysis cases in the field and possibly some 

of the dermatitis or skin eruptions. 

Significance of Low Agglutination Reactions in Unbred Gilts 

(Cecil Elder). Twenty gilts have been used in an attempt to prove 

that gilts with low titre agglutination reactions were not dangerous to 

other hogs. Blood tests have been taken at intervals of from 3 to 

14 days. During the time the experiment has been running 18 sows 

have been killed and cultural work completed on all of them. Only 

two sows remain alive of the original group at the present time. Cul

tures in guinea pig injections in all cases have been negative for Br. 

abortus or Br. suis. Blood titres have varied but in all cases the titres 

stayed low or never raised above an incomplete 1-100 dilution. Nega

tive hogs in contact with these low titre animals have neither shown 

any reaction nor developed any evidences of infection. Gilts with low 

titre reactions will breed and farrow their pigs without developing any 

evidence of infection when they have been kept with other low titre 

or negative animals on clean premises. Such gilts apparently were 

not dangerous and were safe to keep with negative animals in so far 

as the spread of abortion infection was concerned. 

Toxemia in Sheep (Cecil Elder, A. W. Uren). Twenty-five ewes 

have been divided into two groups, one being fed a well balanced 

ration and used as· a control, and the other group being fed a narrow 

ration, with the hope that the disease might be reproduced experi

mentally. Field cases have been plentiful but they were not satis

factory for experimental purposes since in most of the cases the symp

toms were too well advanced and the pathology too firmly established 

before they were available for study. The experimental feeding failed 

to produce typical clinical cases of the disease. 

It has been definitely proved that toxemia or pregnancy disease 

in sheep is associated with the ration. The preventive measures rec

ommended have given excellent results under field conditions. Mis

souri Agricultural Experiment Station Bulletin 345, entitled, "Preg

nancy Disease in Sheep" has been published during the year on this 

project. 

The Tube Agglutination Test Compared with the Rapid or Plate 

Tests on Low Reacting Sera (Cecil Elder, Paul L. Piercy). Two 
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tests are now in more or less general use for determining the agglutina
tion reaction of blood samples for Bang's disease. They are the tube 
test and the so-called rapid or plate test. Most workers have found 
that the results of each test are practically the same when they have 
been used either on strong positive samples or on samples which give 
definitely negative reactions. 

An attempt has been made to determine whether one test was 
superior to the other when used on blood samples showing a low titre 
or suspicious reaction. A total of 1,622 blood samples has been tested 
by both the tube and plate methods of agglutination testing. The 
two methods compared quite favorably but there was some variation 
in samples of the suspect class when· one type of the test was compared 
with the other. Approximately identical results were obtained by 
both methods of testing in 87.55% of all samples tested. Approxi
mately Yz% of the total samples were positive to the tube test but 
gave only suspicious reactions on the plate test. Two and one-half 
per cent of the total tests were positive on the plate test but gave only 
suspicious reactions on the tube test. This was not a sufficiently large 
number of samples upon which to draw final conclusions. Apparently 
the plate test was likely to pick out a few more positive reactions than 
was the tube test. In our laboratory the tube test has been used as 
the official or standard test in the routine testing of blood samples 
for Bang's disease. 

Fowl Paralysis or Neuritis of Fowls (A. J. Durant, H. C. Mc
Dougle). Attempts have been made to transmit fowl paralysis by 
blood and tissue inoculation. A total of 37 young chicks and two 
guinea pigs were inoculated with blood and tissue of typical field cases 
of fowl paralysis. None of the inoculated birds showed clinical evi
dence of the disease after one year's observation. 

Leucosis in Fowls (A. J. Durant, H. C. McDougle). Seventy-two 
chicks in fourteen groups have been inoculated with blood or emulsion 
from thirteen sources in which a total of 78,000 blood cells were counted. 
A transmissible strain of leucosis was not obtained in any of the inocu
lated birds. However, an interesting observation on the blood picture 
of young fowls affected with tuberculosis was made. This has been 
reported in Missouri Agricultural Experiment Station Bulletin 364, 
"Tuberculosis of Poultry." 

Blackhead in Turkeys (A. J. Durant, H. C. McDougle). An at
tempt has been made to artificially infect 33 adult turkeys with black
head. Of the 33 only 3 developed blackhead and these three were 
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complicated with other infections which resulted m necrosiS of the 
liver. · 

The method of infection was to grind up the liver and emulsify 
it with the contents of the diseased ceca. Two ounces each of the 
material was put into the crop and into the vent respectively of 28 
birds by means of an 8-inch nozzle bulb syringe. In the other group 
of five birds only the liver contained lesions of blackhead was used 
for this method of exposure to infection. 

Observations on abligated birds have been continued and two 
birds which were abligated in 1928 and the separated ceca removed 
in 1930 are both still healthy. 

In abligating birds for the prevention of blackhead it has been 
shown that it is important to ligate the cecum very close to the main 
gut in order to avoid stumps. Birds that have stumps from one-half 
to an inch long may eventually develop blackhead. 

Approximately 30 birds affected with blackhead contracted under 
natural conditions have been treated with drugs in an effort to find a 
specific drug that would cure the majority of the cases after symptoms 
developed. The drugs used have been hydrochloric acid 1-1,500 intra
venously, supplemented with fluid extract of ipecac per vent. The 
results were negative. Sodium bismuth tartrate has been injected 
intravenously. Th~ results were negative with this drug. A patented 
drug, Atabrine, showed some promise of favorable effect on the course 
of blackhead in turkeys. The experiments with this drug are not yet 
complete. 

SERVICE PROJECTS 

Answering of Questions-The Agricultural Experiment Station and 
the various departments of the College of Agriculture answer questions 
daily by direct correspondence, by personal interviews, by Experiment 
Station bulletins, by the Farm News Service, and by radio. This 
perhaps is the greatest single service rendered by the College of Agri
culture. Few people realize the extent of this service and the time 
and energy required to give it. All questions are answered as promptly 
as possible. Anyone desiring information regarding any agricultural 
practice used in Missouri may secure it by writing or personally calling 
at the College of Agriculture. It would be difficult to over-estimate 
the value of this service. 

Fertilizer Control (F. B. Mumford, Director; L. D. Haigh and 
E. W. Cowan, Chemists). In the fall of 1934 representatives of the 
Experiment Station collected 224 samples for analysis, and in the 
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spring of 1935 they collected 134 samples. In addition to these, 22 
additional special samples were handled in the laboratory for cOmplete 
or partial analysis and 9 selected regular samples for basicity tests. 
A total of 358 samples was collected from 238 farmers, dealers, jobbers, 
and manufacturers. The analyses of these samples were as follows: 

Total nitrogen determinations------------------- 334 
Water insoluble nitrogen determinations __________ 331 
Permanganate determinations (nitrogen activity)__ 47 
Total phosphoric acid determinations _____________ 339 
Insoluble phosphoric acid determinations _____ ---- 317 
Potash determinations__________________________ 126 
Basicity tests__________________________________ 9 
Limestone and related materials tested for agricul-

tural use __________________________________ 727 

A summary of the results of the analyses has been reported in 
Missouri Agricultural Experiment Station Bulletin 348. The plant 
food furnished by all the companies in comparison with the plant 
food guaranteed was in the ratio of 106 to 100. Only 12.3% of the 
determinations showed deficiency in comparison with guarantee. 

Chemical Service (L. D. Haigh, E. W. Cowan). The Depart
ment of Agricultural Chemistry performs the routine chemical analyses 
for other departments of the College of Agriculture as they may need 
and request. Also, a considerable amount of consulting work of a 
chemical nature is carried on by correspondence with farmers, county 
agents, and other agricultural workers. In pursuance of this approxi
mately 1,300 letters were written during the year. The laboratory 
work has been classified as follows: 

Agricultural Chemistry-Thirteen feeds used in nutrition studies 
were run for moisture, ash, calcium, and phosphorus and two salts of 
phosphoric acid for phosphorus. Thirty-one grass samples for the 
Cooperative Pasture Project for 1935 were received and prepared for 
analysis. One sample each of Sudan grass, corn silage, and green kafir 
and 11 samples of green sorghum were run for determination of hydro
cyanic acid. 

Animal Husbandry-Five molasses feeds for complete feed analysis 
and for calcium and phosphorus. Ten corn fodder samples from up
land and river bottom corn for total moisture and composited for 
complete feed analysis. Two corn stover and 2 corn silage samples 
for complete feed analysis. One wheat germ for fat determination. 

Dairy Husbandry-Forty-one samples of grasses from Hatch Ex
periment Farm for complete feed analysis, calcium and phosphorus. 

Field Crops Department-Six winter wheat and barley samples for 
complete feed analysis. 
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Home Economics Department-Forty-two meat samples for mois

ture, fat, total nitrogen, non-protein nitrogen, ash, calcium, phos

phorus, copper run in triplicate and 21 determinations run in duplicate. 

Soils Department-Eight corn fodder samples (drought stricken) 

cut from experimental plots for complete feed analysis. 

Service to outside parties as follows: Food materials. Six samples 

of lard for moisture; 2 cream samples for formaldehyde and fat re

spectively; 1 sample sorghum molasses for zinc test; 1 sample apple 

butter for poisonous metal; 7 flour samples for moisture, ash, and pro

tein; 5 water samples for qualitative test of mineral solids; 1 sample 

molasses for moisture determination. 
Stock Feed Materials-Five molasses feeds, 2 for complete feed 

analysis and others for moisture, feeding tests, microscopic examina

tion, and for poisonous metals. Four mixed feeds, 3 corn fodders, 2 

samples of tomato plants, and 1 sample each of corn chop, corn screen

-ings, corn silage, horsetail grass (Equisetum), Osage orange, Kochia 

plant, peanut hulls and meal for complete feed analysis. One alfalfa 

meal for ash and protein, 1 chick feed for percentage of salt and 1 meat 

scrap for percentage of sand. One cottonseed meal and 1 chicken 

mash for percentage of protein only. One wheat plant, 2 silages, 1 

stock salt for feeding or chemical test for poison. 
Miscellaneous Materials-One sample water for presence of oil, 

2 powders for identification, 2 stomach contents for the presence of 

poison. A grand total of 1,297 determinations was made in duplicate. 

Seed Testing Laboratory (Miss Clara Fuhr). During the year 

6,311 samples of seeds and plants were tested and examined by the 

Seed Testing Laboratory. Of these 4,828 were tested for Missouri 

farmers and seedsmen, 622 samples of vegetables and 529 samples of 

corn were tested for the Missouri Relief and Reconstruction Com

miSSion. Approximately 50 inspectors' samples were tested during 

the year for the enforcement of the Missouri Seed Law and 17 5 Custom 

House samples subject to the Federal Seed Importation Act. The 

tests made for farmers and seedsmen of other states totaled 335. 

The number of tests made for: 
Ger!llination onlf---:--------------------- 3538 
Purity and germination___________________ 1223 
Germination and examination_____________ 724 
Identification____________________________ 582 
Purity only _____ ---------------_----____ 96 
Examination only________________________ 41 

Custom House samples, not subject to Act, 
not tested_____________________________ 107 

Number of samples received: 
July 1, 1933 to June 30, 1934______________ 2935 
July 1, 1934 to June 30, 1935______________ 6311 
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Testing Soils for Their Lime Need (W. A. Albrecht). Since lime 
is only one of the requisites for soil improvement, soil samples sent 
to the Station also have been tested for soluble phosphorus. A third 
factor, the content of organic matter or nitrogen in the soil also helps 
to plan soil use more effectively. Some rapid tests for this last item 
should be added to those now applied to random samples sent for study. 

During the year 393 samples were tested. .Several samples of 
limestone also were tested for their degree of fineness. 

The Production and Distribution of Bacteria for Legumes (W. A. 
Albrecht). During the year sufficient cultures were distributed to 
treat 14,449 bushels of legume seed. The number of bushel units 
furnished for the different legumes was as follows : Soybeans, 7,457; 
sweet dover, 1,541; alfalfa, 2,436; Korean dover, 1,180; red clover, 
1,110; miscellaneous, 725. 

The use of the soil transfer method of inoculation of legumes and 
the use of standard commercial cultures have been encouraged. 

The service rendered by this project is indicated by the following 
table which summarizes the bushels of legume seed represented by the 
cultures shipped and the number of individuals served from 1919 to 
1935, inclusive. 

TABLE 12.-SUMMARY OF LEGUME INOC ULATION DISTRIBUTIO N 1919 TO 1935 

Year Ending_ June 30 1919 ________ ______________ ____ ______ ________ _ 
1920 ________ ________ __________ ____ ______ __ __ _ 
1921 __________________________________ ______ _ 
1922 ________________________________________ _ 
1923 __________ ______________________________ _ 
1924 _________ _______________________________ _ 
1925 _______________ _______________ __________ _ 
1926 ________________________________________ _ 
1927 ___ ___ _____ ____ __________ _______________ _ 
1928 ________ ____ ______________ ____ ____ ______ _ 
1929 __ __ ____ ______________ ______ _____ ___ __ , __ 
1930 __ _______ ___ _______ __ ____ __ __ ___ ___ _____ _ 
1931 ________________________________________ _ 
1932 ________________________________________ _ 
1933 ________________________________________ _ 
1934 ________________________________________ _ 
1935 _________ ______________ __ _______________ _ 

Inoculation 
Bushels Seed 

2,66'7 
2,932 
5,309 

11,161 
20,010 
37,595 
36,163 
58,441 
41,248 
50,517 
41,407 
38 ,679 
31,106 
19,848 
8,992 

20,143 
14,449 

Individuals 
Served 

800 
900 

1,665 
2,950 
4,145 
7,173 
6,970 
9,621 
6,086 
6,088 
5,331 
4,823 
4,204 
2,260 
1,326 
1,933 
2,013 

Identification of Plant Diseases (C. M. Tucker). During the year 
numerous specimens were received for identification and considerable 
correspondence was carried on in regard to control measures. Among 
the more important plant diseases, of a very unfavorable year for the 
growth of plants and the development of most parasites, were un-
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usually heavy infections of corn and sorghum by smut, especially in 

southern Missouri. Cercospora apii caused a destructive epidemic on 

celery in St. Louis County; Heterodera marioni caused severe root knot 

and stunting of celery in a garden in Boone County where tomatoes 

were similarly infected the previous year; Sclerotium bataticola caused 

a rot of the roots and lower parts of the stems of cultivated chrysan

themums, especially the varieties Silver Ball, Springfield, Rose Per

fection, White Sport, and Dorothy Turner, in a greenhouse in St. 

Louis County. Good control was reported by removing infected 

plants and spraying the surface of the soil with Bordeaux mixture. 

A Fusarium sp. caused a stem rot of carnations in a Jackson 

County greenhouse; Mycosphaerellafragariae was present in abundance 

on the older leaves of a field of Blakemore strawberries in Webster 

County, and the conspicuous chlorosis reported to be a genetic char

acter was very common and appeared to be causing a reduction in the 

size of the plants in April; Phyllosticta medicaginis caused general and 

conspicuous spotting of alfalfa leaves in a field in Harrison County, 

the first record of its occurrence in the State; Aphelenclwides fragariae 

(identified by G. Steiner) was found in discolored bulb scales of Nar

cissus sp. from a Jackson County garden. 
Sclerotium Delphinii caused a stem rot of Phlox paniculata in 

Boone County; Taphrina pruni causing "plum pockets" was sent 

from a damson plum tree in New Madrid County; Bacterium pruni 

was general but not serious on well-sprayed peach trees in Wright 

County; Albugo candida caused serious damage on radishes in a Jack

son County greenhouse; Leptosphaeria Coniothyrii was common and 

sometimes destructive on raspberry canes in Moniteau County; a 

bacterial disease of foxtail grass (Setaria lutescens and S. viridia) prob

ably caused by Bacterium alboprecipitans, was found in Missouri for 

the first time in Boone County; .dlternatia so/ani caused severe damage 

to late potatoes in Butler County; late potatoes in Jackson County 

were attacked in October by Corticium vagum and many plants were 

killed. 
Peronospora e.ffusa caused heavy loss in a 15-acre spinach field in 

St. Louis County; Puccinia triticina infection resulted in much yellowing 

and death of leaves of wheat during October in Miller County, where 

Septaria tritici was also present but appeared to be doing little damage; 

in Lafayette County the latter fungus was common but not serious; 

wheat in St. Charles County was attacked in April in localized areas 

by a Pythium sp., which- caused a root rot not hitherto known in Mis

souri, also by Septaria tritici, which caused considerable spotting and 

yellowing of the older leaves, and there were .numerous small uredinia 

of Puccinia triticina. 
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Large spots in a cowpea field in Mississippi County became 
yellow and unthrifty as a result of infection by the root knot nematode 
and cowpeas in Bates County were killed by a stem and root rot caused 
by Solerotium bataticola. 

Helminthosporium sativum frequently causes considerable brown 
spotting, yellowing, and killing of the leaves of winter barleys. 

Several varieties treated with Ceresan were planted at different 
· dates in 1934. In all cases the treated and untreated plots appeared 

identical. This indicated that if seed infection was responsible for 
the infection, the seed treatment was not effective in controlling the 
disease. Kentucky No. 1 seemed to be more susceptible to the disease 
than other varieties. Missouri Early Beardless and Tennessee No. 6 
were less susceptible. Plots seeded August 25 showed the heaviest 
infection and those seeded October 2, the lightest. Lots of Tennessee 
No. 6 that were planted September 6 on land where small grain was 
not grown during the previous year were infected fairly heavily. 

In variety nursery containing 40 varieties and selections all were 
infected to some extent. 

Official Testing of Dairy Cows (H. A. Herman). The official 
testing of dairy cows for the year included supervision on 667 purebred 
cows in the herds of 23 Missouri breeders. A total of 624 one-day and 
401 two-day tests was conducted on 174 Advanced Register and 
Register of Merit cows. In addition, 4,303 Herd Improvement Regis
try Tests were conducted. Surprise and check tests were conducted 
on 4 herds and one retest was made. A check test including 20 Register 
of Merit cows was made on one out of state herd. Of the total cows 
tested 233 Advanced Register and Register of Merit and 493 Herd 
Improvement Registry cows started test during the year and 384 
lactation records were completed. There were 496 cows on test at 
the end of the year. 

The highest individual butterfat producer for the year was Farm
ington Matador Grace 1331316, a Holstein cow owned by State Hospital 
No. 4, Farmington, Missouri. She produced 24,931.2 pounds of milk 
containing 868.9 pounds of butterfat in a 365 day lactation. Her 
record was started when she was 5 years and 4 months of age and she 
was milked three times per day. The highest butterfat producer 
among the Jerseys was Ivy Prudence 790991, a twelve year old cow 
owned by Longview Farms, Lee's Summit, Missouri. She produced 
12,481 pounds milk containing 684.91 pounds butterfat in one year. 

In the Guernsey division Royalist's Annabelle of Fern Hill 201915, 
a 5 year old cow owned by E. J. Parminter & Sons, Lockwood, ranked 
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highest and also established a state record in her class with a yield of 
11,035 pounds of milk and 541.9 pounds butterfat in one year. 

In the Herd Improvement Registry division, the Holstein herd 
at State Hospital No. 4, Farmington, Missouri ranked first. This 
herd, consisting of 42 cows milked three times daily, averaged 13,679 
pounds milk and 467.3 pounds butterfat per cow with an average 
lactation of 317 days per cow. 

The Jersey herd at the Hatch Dairy Experiment Farm, Oakwood, 
Missouri was highest ranking Jersey herd and also the second highest 
herd in the State. This herd consisting of 20 cows milked three times 
daily produced 7,928 pounds of milk and 416.54 pounds of butterfat 
per cow. 

For herds milked twice daily Fredmar Farms, Jefferson Barracks, 
ranked first. This herd consisting of 12 cows in milk an average of 
308 days per cow during the year averaged 11,712 pounds of milk and 
415.8 pounds of butterfat. 

Pullorum Disease Testing in Fowls (A. J. Durant, H. C. Mc
Dougle). During the year 68,042 samples of blood from fowls were 
tested for the detection of pullorum disease. The total number of 
samples positive to the test for this disease was 6,358 or 9.34%. Sam
ples were collected from 27 counties in Missouri. 

Hog Cholera Serum Distribution (0. S. Crisler). During the 
year the University Anti-Hog-Cholera Serum laboratory furnished to 
swine owners of Missouri directly or through veterinarians, county 
agents, farm bureaus, or vocational agriculture teachers 914,200 cubic 
centimeters of anti-hog-cholera serum. This serum was sent to 57 
counties and St. Louis City. 

Fowl Pox Vaccine Distribution (A. J. Durant, H. C. McDougle). 
During the year 21,649 doses of fowl pox vaccine were distributed to 
poultrymen in the State. Most of the chicken-pox outbreaks in this 
State occur in the southern half of Missouri. There was very little 
demand for this vaccine north of the Missouri River. Indications 
were that the vaccine was very efficient in preventing chicken-pox 
outbreaks. 

Bang's Disease Testing (Paul L. Piercy). In cooperation with 
the Bureau of Animal Industry the Department has run 278,891 blood 
samples for the test for Bang abortion disease in cattle. In addition 
the State has tested 14,017 samples giving a grand total of 292,980 
samples tested. These tests involved 20,656 herds in the State and 
during the period 5,143 retests have been made. There were 106 
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counties in which testing was carried on. The percentage of non
reactors or healthy animals was 83.68; of suspected cases 7.03%; and 
there were 9.29% reactors or infected animals found. 

Horse Bot Control Campaign (Paul L. Piercy). During this 
period 9,978 horses were treated for bots and other parasites in sixty 
counties of the State. Indications were that the treatments for hots 
and other parasites were very beneficial to horses. 

Diagnostic Service (A. J. Durant, H. C. McDougle, A. W. Uren). · 
During the year 1,628 specimens of poultry and 350 animal specimens 
were examined making a grand total of 1,978 specimens. The most 
prevalent diseases affecting poultry in order of frequency were: Cocci
diosis, cholera, blackhead, trachitis, fowl paralysis, and leucosis. Black
head was prevalent in turkeys and pullorum disease in baby chicks. 

Rabies Diagnostic Service (A. J. Durant, H. C. McDougle). 
During the year 87 animal heads from 30 counties of the state were 
examined. Of this group 46 of the specimens were positive. In the 
group there were 66 dogs, 12 cats, 2 hogs, 5 cattle, 1 mule and 1 rabbit 
Thirty-nine of the 66 dogs were found to be infected. This indicated 
that the dog was the principal offender in the distribution and per
petuation of this disease. 

Testing the Fertility of Male Farm Stock (F. F. McKenzie, M. E. 
Vaughan, V. Berliner). This is a service that is being rendered to 
farmers of the State. Semen smears sent to the Department of Animal 
Husbandry will be examined and the proportion of morphologically 
abnormal spermatozoa determined and the level of fertility estimated. 
This estimate will be reported to the owner of the animal in return 
for the actual breeding record of that animal. In this way the labora
tory test ultimately can be checked against actual breeding performance. 
Since July 1, 1934, the following fertility tests have been made and 
reported: 27 rams, 25 bulls, 11 boars, 25 stallions, and 9 jacks. 
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PUBLICATIONS 

A. A. JEFFREY, Editor 

The publications issued by the Missouri Agricultural Experiment 
Station during the year ending June 30, 1935, included fifteen research 
bulletins, fifteen bulletins, and ten circulars; a total of forty publica
tions. 

The total number of copies of Station publications actually dis
tributed during the year was 152,532. They were distributed as 
follows: 85,272 copies to residents of Missouri, 43,147 to institutions 
and individuals in other states of the Union, and 15,113 to libraries 
in foreign countries. 

A list of the publications printed during the year, together with the 
number of pages in each and the number of copies issued, follows: 

No. 

212 

213 

214 

215 

216 

217 

218 

219 

220 

221 

222 

223 

TABLE 13.-PUBLICATION S OF THE MI SSOU RI AGRIC ULTURAL EXPERIMENT 
STATIO N FOR THE YEA R E Npr NG JuNE 30, 1935 

Series, Title, Author, and Numbers of Illustrations 

Research Bulletins 
The Physico-Chemical Properties of Soils Affecting Soil 

Erosion, by J . Fulton Lutz, July, 1934; Figs. 1L ____ ___ _ 
The Relation of Dry Skim Milk to Several of the Physical 

and Chemical Properties of Cream Cheese, by W. H. E. 
Reid and H. R. Alley, July, 1934; Figs. 7_ ______ _ ______ _ 

The Relation of Dry Skim Milk to Several of the Physical 
and Chemical Properties of Whipped Cream, by W. H. E. 
Reid and W. C. Eckles, July, 1934; Figs. 34 ____________ _ 

The Relation of the Freezing Procedure and the Composition 
of the Mixture to the Physical and Crystalline Structure 
of Ice Cream, by W. H. E. Reid and M. W. Hales, July, 
1934; Figs. ll----------------------------------- - ---

Disturbances in the Natural Oxidation-Reduction Equi
librium of Milk with Special Reference to the Use of the 
Dehydrated Milks in the Manufacture of Cottage Cheese, 
by W. H. E. Reid and R. L. Brock, July, 1934; Figs. 19 _ 

The Thermo-Regulatory Function and Mechanism of the 
Scrotum, by Ralph W. Phillips and Fred F. McKenzie, 
July, 1934; Figs. 31. .. --- - --- - ----------------------

Farm Building Studies in Northwest Missouri, by J. C. 
Wooley, August, 1934; Figs. 31..------------- - -------

Nutritional Requirements of Rabbits and Guinea Pigs, by 
A. G. Hogan and W. S. Ritchie, August, 1934; Fig. l_ __ 

Growth and Development XXXIV. Basal Metabolism, En
dogenous Nitrogen, Creatinine and Neutral Sulphur Ex
cretions as Functions of Body Weight, by Samuel Brody, 
Robert C. Procter and Ural S. Ashworth, October, 1934; 
Figs. 7 __ _______________ • __________ • __ . ____ . _ - _- _---

Missouri Farm Prices for 25 Years, by D. R . Cowan and 
F. L. Thomsen, March, 1935--------------------------

Growth and Development XXXV. The Energetic Efficiency 
of Milk Production and the Influence of Body Weight 
Thereon, by Samuel Brody and Robert C. Procter, March, 
1935; Figs. 9----- - ----------------------------------

Growth and Development XXXVI. Endogenous Nitrogen 
and Basal Energy Relationships During Growth, by Ural 
S. Ashworth, April, 1935; Figs. 2------------- - --------

Pages Copies 

45 

40 

36 

20 

26 

73 

43 

28 

40 

24 

40 

20 

2,000 

2,000 

2,000 

2,000 

2,000 

2,000 

2,000 

2,000 

2,000 

2.500 

2,000 

2,000 
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No. 

224 

225 
226 

339 

340 

341 

342 

(.,.)43 

344 

345 

346 

347 

348 

349 

350 
351 

252 

290 

179 

180 

181 
182 

183 

184 

185 

186 

MissouRI AGRICULTURAL ExPERIMENT STATION 

Series, Title, Author, and Numbers of Illustrations Pages 

Land Tax Delinquency in Missouri, by Conrad H. Hammar, 
May, 1935; Figs. 12_-------------------------------- 48 

The Rural Church, by Earl Sneed, June, 1935; Figs. 26____ 72 
Drawbar Dynamometer and its Use in Soil Tillage Experi-

ments, by G. Wallace Giles, June, 1935; Figs. 14________ 20 

Copies 

2.500 
2.000 

2,000 

575 31,000 

Bulletins 
The Causes of the Growth and Function of the Udder of 

Cattle, by C. W. Turner, July, 1934; Figs. 7 ___________ _ 
Work of the Agricultural Experiment Station, by Dean F. B. 

Mumford and S. B. Shirky, Septem her, 1934; Figs. 10 __ _ 
Factors Influencing Hatchability in the Domestic Fowl, by 

E. M. Funk, October, 1934; Figs. 5-------------------
Greenhouse Pests and Their Control, by L. Haseman and 

E. T. Jones, November, 1934; Figs. 14----------------
Causes of Cull Apples, by G. C. Schowengerdt, D. C. West, 

and A. E. Murneek, January, 1935; Figs. 8 ____________ _ 
The Structure of the Cow's Udder, by C. W. Turner, Janu

ary, 1935; Figs. 19----------------------------------
Pregnancy Disease in Sheep, by Cecil Elder and A. W. 

Uren, January, 1935; Figs. 4-------------------------
The Secretion of Milk and the Milking Process, by C. W. 

Turner, February, 1935; Figs. 5----------------------
Factors Affecting Strawberry Prices, by F. L. Thomsen, 

February, 1935; Figs. 5 _____ - -- ____________ -- _______ _ 
Registration, Labeling, and Inspection of Commercial Fertil
. izers; 1934, by L. D. Haigh, E. W. Cowan, and F. B. 

Mumford-------------------------------------------
Soil Erosion in Missouri, by L. D. Baver, April, 1935; Figs. 

6, Maps 15-----------------------------------------
The Cooling of Eggs, by E. M. Funk, April, 1935; Figs. 8 __ 
Evaluating the Efficiency of Dairy Cattle, by A. C. Rags-

dale, and Samuel Brody, May, 1935; Figs. !_ __________ _ 

Bulletins Reprinted 
Fruit Thinning in Missouri, by A. E. Murneek, February, 

1935; Figs. 8----------------------------------------
Infectious Abortion in Cattle, by J. W. Connaway, January, 1935 ______________________________________________ _ 

Circulars 
Manufacture of Cream Cheese Involving the Use of Dry Skim 

Milk, by W. H. E. Reid and H. R. Alley, July, 1934 ____ _ 
The Manufacture of Whipped Cream Using Dry Skim Milk, 

by W. H. E. Reid and W. C. Eckles, July, 1934 ________ _ 
Starting the Orchard, by T. J. Talbert, December, 1934 __ _ 
Emergency Livestock Feeding, by Department of Animal 

Husbandry, December, 1934; Figs.!_ _________________ _ 
Pruning Stone Fruits. Peaches, Cherries and Plums, by 

T. J. Talbert, February, 1935; Figs. 8-----------------
Cane Molasses (Blackstrap) as a Livestock Feed, by the 

Departments of Animal Husbandry, Dairy Husbandry, 
and Poultry Husbandry, February, 1935 ______________ _ 

Fertilizers for Vegetable Crops, by R. A. Schroeder and 
H. G. Swartwout, March, 1935-----------------------

An All Year Pasture System for Missouri, by W. C. Ether
idge, C. A. Helm, and E. Marion Brown, May, 1935; 

20 

91 

23 

32 

23 

16 

15 

19 

8 

36 

66 
15 

8 

16 

20 

10,000 

4,000 

10,000 

5,000 

5,000 

10,000 

15,000 

10,000 

5,000 

5,000 

10,000 
10,000 

10,000 

6,000 

10,000 

408 125,000 

4 

4 
16 

4 

16 

4 

4 

7,000 

5,000 
10,000 

6,000 

7,000 

7,500 

7,500 
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No. Series, Title, Author, and Numbers of Illustrations ~ages Copies 
Figs. 3 _________________________ - _ .: __ - __ - ______ -- --- 12 15,000 

187 Good Pastures Improve the Pig Crop, by A. G. Hogan and S. R. Johnson, June, 1935 ____________________________ 4 10,000 

Circulars Reprinted 
177 Missouri Apple Spraying; Recommendations for 1935, by 

T. J. Talbert, L. Haseman and H. G. Swartwout, March, 1935 _______________________________________________ 
8 3,000 

80 78.000 

The Farm News Service-Every week throughout the year a 
printed clipsheet known as the Missouri Farm News Service was 
issued jointly by the Experiment Station and the Extension Service 
to all newspapers, farm journals, county extension agents, and vocational 
agriculture instructors in the State. Each issue of this clipsheet 
contained ten to twelve articles, a total of some 3,800 words, giving 
in concise form the announcements of new discoveries made by the 
Experiment Station, current adaptations of experimental knowledge 
to the practical problems of farm and home, and news of activities 
carried on by the College of Agriculture and its cooperators. 

Special Press Service-The special press service maintained for 
the metropolitan dailies of the State was continued throughout the 
year in the form of spot news releases issued either in mimeographed 
form or as carbon copies. 

Radio Broadcasting-Through the courtesy of Radio Station 
KFRU, a commercial station located at Columbia, the College of 
Agriculture maintained throughout the year a morning broadcast for 
farm listeners. Each broadcast consisted of ten minutes of timely 
information, much of it being the outgrowth of research carried on by 
the Experiment Station. 

Contributions to Scientific Journals 
386-Jenny, Hans, Clay Formation in Soils Affected by Temperature, July 1934. 
387-Jenny, Hans and Gieseking, Exchange of Mono- and Polyvalent Cations Ad

sorbed on Colloidal Clay Particles (with special reference to potassium), 
Academy of Science, July, 1934. 

388-Jenny, Hans and Reitemeier, R. F., Ionic Exchange in Relation to the Sta-
bility of Colloidal Systems, August, 1934; . 

389-Elder, Cecil, The Relation of Abortion or Bang's Disease to Mastitis, Jour
nal of American Veterinary Medicine, November, 1934. 

390-Haseman, Leonard and Ezell, H. 0., The Eelworm Rhabditis Lambdiensis a 
New Pest of Mushrooms, Journal of Economic Entomology, December, 1934. 

391-McKenzie, F. F. and Bogart, Ralph, The Afterbirth as an Index to the Thrift 
of Lambs, November, 1934. 

392-Durant, A. J., Cleft Palate in a Toggenburg Milk Goat, January, 1935. 
393-Baver, L. D., and Winterkorn, Hans, Sorption of Liquids by Soil Colloids. 

II. Surface Behavior in the Hydration of Clays, Soil Science, January, 
1935. 

394-Albrecht, Wm. A., and Horner, Glen M., Nitrogen Fixation in Soybeans as 
Influenced by Exchangeable Calcium, Soil Congress, February, 1935. 

395-Warbritton, Virgene, A Small Gland on the Pineal Body of a Sheep, Science, 
February, 1935. 
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396-Funk, E. M., Cooling Eggs, read before the Fact Finding Conference of the 
Institute of American Poultry Industries, February, 1935. 

397-McKenzie, F. F ., and Terrill, C. E., Ovulation in the Ewe, to be presented at 
meeting of American Association of Anatomists, April, 1935. 

398-Warbritton, Virgene, and McKenzie, F. F., The Anterior Lobe of the Pitui
tary Body of the Ewe During the Oestrus Cycle and Pregnancy, to be 
presented at the meeting of the American Association of Anatomists, April, 
1935. 

399-Elder, Cecil, Avitaminosis A in Swine, Journal of the American Veterinary 
Medical Association, March, 1935. 

400-Giles, G. Wallace, A Drawbar Dynamometer, Agricultural Engineering, 
March, 1935. 

401-Murneek, A. E., The Physiological Role of Asparagus and Related Sub
stances in Nitrogen and Metabolism of Plants, Plant Physiology (Univ. of 
Chicago), March, 1935. 

402-Gardner, W. U., Gomez, E. T., and Turner, C. W., Further Studies of the 
Effects of the Estrogenic and Galactopoietic Hormones upon the Mammary 
Glands of the Rabbit, American Journal of Physiology, April, 1935. 

403-Thomsen, F. L., Factors Affecting Farm Real Estate Values in the United 
States, Journal of Farm Economics, April, 1935. 

404---Nelson, W. 0., Turner, C. W., and Overholser, M. D., The Effect of Lacto
genic Hormone Preparation in the Blood Sugar Level of Rabbits and 
Monkeys, Journal of Physiology, May, 1935. 

405-Reineke, E. P., and Turner, C. W., The Involution of the Mammary Gland, 
May, 1935. 

406-McShan, W. H., and Turner, C. W., Further Purification of Galactin, the 
Lactogenic Hormone, May, 1935. 

407-Tucker, C. M., Diaporthe Phaeoa!orum on Pepper Fruits to Mycologia, May, 
1935. 

408-Tucker, C. M., Phytophthora Rot of Sugar Beet, Journal of Agricultural 
Research, June, 1935. 

409-Durant, A. J., and Tucker, C. M., Aspergillosis of Wild Turkeys Reared in 
Captivity, American Journal of Veterinary Medicine, May, 1935. 

410-Turner, C. W., Pygopagus Parasitic Bovine Twins Involving the Udder, 
Journal of Heredity, June, 1935. 

411-Hammar, Conrad, Institutional Aspects of Ozark Declines, Journal of For
estry, June, 1935. 

412-Hogan, A. G., and Richardson, Luther, Differentiation of the Antidermatitis 
Factor, Science, June, 1935. 

413-Reid, W. H. E., and Painter, W. E., Factors Affecting the Manufacture of 
Chocolate Ice Cream, Ice Cream Trade Journal. Vol. 27, No. 8., Aug., 1931. 

414---Reid, W. H. E., and Fleshman, C. L., The Manufacture of Cottage Cheese 
Involving the Use of Dry Skim Milk, American Dry Milk Institute Bulle
tin 701. 

415-Turner, C. W., Frank, A. H., and Schultze, A. B., The Development of the 
Mammary Gland (a) The Growth of the Gland; (b) The Initiation of Se
cretion, American Dairy Science Association, Univ. of Kentucky. (1932). 

416-Herman, H. A., and Turner, C. W., Comparison of the Blood Sugar Level of 
the Mammary and Jugular Veins of Dry and Lactating Cows, American 
Dairy Science Association, Univ. of Kentucky. (1932). 

417-Reid, W. H. E., The Temperature of Serving Ice Cream, Proceedings, Con
vention of International Assoc. of Ice Cream Manufacturers, Harrisburg, 
Pa. (1932). 

418-Turner, C. W., Sex and Internal Secretions, published by Williams Wilkins 
Company, Baltimore, Md. (1932). 

419-Turner, C. W., and Allen, Edgar, The Normal and Experimental Develop
ment of the Mammary Gland of the Monkey (Macacus Rhesus), Anat. 
Record, Vol. 55. (1933) . 

420-Reid, W. H. E., New Information on Temperature for Serving Ice Creal?, 
Council of International Association of Ice Cream Manufacturers, Harns
burg, Pa. (1933). 

421-Brody, S., Nutrition, Ann. Review of Bio-Chemistry, Vol. III, 1934. 
422-Brody, S., Paths of Growth and Death, Journal of Heredit y, Vol. 25, 1934. 
423-Turner, C. W., The Physiology and Bi-Chemistry of Milk Secretion, mimeo-

graphed publication, 1934. 
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424-Turner, C. W., Anatomy of the Mammary Gland of Domestic and Laboratory 
Animals, mimeographed publication, 1934. 

425-Thomsen, F. L., "Vertical" and "Horizontal" Shifts of Demand, Journal of 
Farm Economics, 1933. 

426-Adams, E., and Robbins, W. J,, Effect of Dyes on Yeast Fermentation as 
Influenced by Hydrogen-ion Concentration, Jour. Agr. Research, Dec. 1934. 

427-Coles, Jessie V., Use of Brand Names in Reports of Research, Jour. Home 
Econ., April, 1935. 

428-Murneek, A. E., Pruning and Thinning in the Orchard Program, Nebraska 
State Board of Agr. Ann. Report, 1934. 

COOPERATIVE PROJECTS, RESEARCH GRANTS, AND 
FELLOWSHIPS 

During the year the Experiment Station has cooperated with the 
United States Department of Agriculture in the following projects: 

Land Use Planning; 
Location of National Forests; 
Soil Erosion Service; 
Some Economic Aspects of the Farm Poultry Enterprise; 
Types of Farming in Missouri; 
Economic Use of Power, Labor, and Machinery in Crop Pro-

duction; 
Methods of Beef Cattle Production; 
Factors Influencing Quality and Palatability of Meat; 
Feeding Beef Calves Previous to Weaning; 
Physiology of Reproduction in Farm Animals; 
Improvement of Pastures in the Corn Belt; 
A Study of Beefiness and Milk Production in Dual Purpose 

Cattle; 
Soil Erosion Investigations; 
Cereal and Forage Crop Insects; 
Cooperative Investigations on Parasites of the Oriental Fruit 

Moth; 
A Study of the Value and Utilization of Acid Tolerant Legumes 

in the Ozark Region; 
Rice Investigations; 
Seed Testing Laboratory; 
Corn Improvement; 
Fruit Disease Investigations in the Ozarks; 
Soil Erosion Control; 
Maintenance and Development of the Hatch Dairy Experiment 

Station at Hannibal, Mo. 
The Station also has cooperated with Sni-A-Bar Farms in con

tinuing certain cattle investigations located on the Sni-A-Bar property 
at Grain Valley, Missouri. The study of beefiness and milk production 
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in dual purpose cattle has been in cooperation with the Drumm Farm 
at Independence, Missouri. 

Research grants and fellowships have been received from the 
following sources for the purpose indicated. 

American Cyanamid Indu~trial Co. 
For researches in plant nutrition. 

Elizabeth Blee Frasch Foundation 
Research in growth and development of domestic animals. 

Missouri State Highway Commission 
Conducting research in soils relating to the stabilization of road

beds and supplementary highways. 
National Research Council 

Some genetic effects of X-rays in plants with special attention to 
studies of the genetic nature of induced mutations. 

Investigations of enzymes in both long and short-day plants; the 
relation of carotin to Vitamin A in soybeans. 

For technical assistance in connection with the study of the 
physiology of the mammary gland. 

Work on purification of the virus of mosaic disease of tobacco; and 
also a chemical investigation of a solid virus fraction to determine the 
chemical groups present. 

Rockefeller Foundation 
Researches on photoperiodism in plants. 
Radiosensitiveness of the cells of the mammary gland during 

various stages of growth, secretion, and involution. 

CHANGES IN STATION STAFF FOR THE YEAR ENDING 
JUNE 30, 1935 

Appointments 
Glen T. Barton, Instructor in Agricultural Economics. 
Victor Berliner, Research Assistant in Animal Husbandry. 
Frances Drace, Research Assistant in Home Economics. 
Ruth George, Instructor in Rural Sociology. 
R. T. Hill, Research Assistant Professor of Dairy Husbandry. 
Frank Horsfall, Research Assistant in Horticulture. 
Kenneth Huff, Research Assistant in Agricultural Engineering. 
Lee Jenkins, Research Assistant in Entomology. 
Herbert L. Koch, Research Assistant in Entomology. 
Curtis F. Marbut, Honorary Professor of Soils. 
Arthur W. Nebel, Graduate Assistant in Rural Sociology. 
Christine Nesbitt, Research Assistant in Home Economics. 
J. M. Poehlman, Instructor in Field Crops. 
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Ralph P. Reece, Research Assistant in Dairy Husbandry. 
Ezra P. Reineke, Assistant Instructor in Dairy Husbandry. 
Chris G. Schmitt, Research Assistant in Botany. 
George E. Smith, American Cyanamid Industrial Fellow. 
Melvin W. Sneed, Graduate Assistant in Rural Sociology. 

Resignations and Withdrawals 
Frances Drace, Research Assistant in Home Economics. 
H. D. Fox, Assistant in Animal Husbandry. 
Ruth George, Instructor in Rural Sociology. 
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Warren Gifford, Assistant Professor of Dairy Husbandry. 
Kenneth Huff, Research Assistant in Agricultural Engineering. 
Arthur W. Nebel, Graduate Assistant in Rural Sociology. 
Christine Nesbitt, Research Assistant in Home Economics. 
Ralph R. Parks, Research Instructor in Agricultural Engineering. 
R. C. Procter, Research and Technical Assistant in Dairy Husbandry. 
Walter S. Ritchie, Assistant Professor of Agricultural Chemistry. 
Merle E. Vaughan, Research Assistant in Animal Husbandry. 

FINANCIAL STATEMENT 

UNIVER~ITY OF MISSOURI 
AGRICULTURAL EXPERIMENT STATION 

in account with 
THE UNITED STATES APPROPRIATION, 1935 

Hatch Adams 
Fund Fund 

Dr. 
To balance from appropriations for 1934_ none none 

Receipts from the Treasurer of the United 
States, as per appropriations for fiscal 
year ended June 30, 1935; under acts 
of Congress approved March 2, 18 87 
(Hatch Fund), March 16, 1906 (Adams 
Fund), and February 24, 1925 (Pur-

$15,000.00 $15,000.00 nell Fund)------- - -- - ------- - - -- ---
Cr. 

Personal services_------- - ---------- - - 8,162.10 8,064.03 
Supplies and materials ____ ____________ 2,561.09 4,612.55 
Communication service ________________ 341.25 658 .15 
Travel expenses ______________________ 294.77 46.60 
Transportation of things ______________ 141.56 249.40 
Printing and illustrating publications ___ 2,039 :40 --------
Heat, light, water, and power ____ ______ 44.14 326.08 
Contingent expenses __________________ 17.00 --------
Equipment--- - ---------------------- 982.64 787 0 28 
Buildings and land ___________________ 416.05 255.91 

Total--------- - ----- - ----------- $15,000 .00 $15,000.00 

Purnell 
Fund 

none 

$60,000.00 

35,634.92 
13,051.87 

309.31 
863.64 
520.76 

3,076.28 
310.26 
579 0 88 

5,236.37 
416.71 

$60,000 . 00 



NEW EQUIPMENT 

The following equipment has been added to the Station equip
ment during the year: 1 thermo regulator; 1 G. E. relay switch, single 
pole; 1 hot air sterilizer; laboratory tables rebuilt; 1 pressure cooker; 
new car; electric drill; galvanometer; surgical instruments; syringes; 
calf muzzles; platform cart; colorimeter-cups for Klett topreader; 
Chainomatic balance; solution balance; 1 calorimeter, Emerson; adia
batic Daniels jacket, double valve style; 5 Seth Thomas clock move
ments; 4 Beckman thermometers with auxiliary scales; calculating 
machine; typewriter; dictaphone and transcriber; metabolism machine 
parts; record binders; 10 transfer cases; 2 Shetland ponies; 2 metabol
ism-digestion stalls; microtome; cooling stage; achromatic oil immersion 
objective; Acromatic objective; sterilizer; 1 team mules; 7 fire extin
guishers; electric wiring for machinery shed (Hatch Farm); grading 
lots and roadways; scales; 2 adding machines; seamless steel tubing; 
Abney level; rubber-lined steel assay jar, cover and crossbar; Ball 
mill; part on 1 Chainomatic balance; thermometer; insect breeding 
cages; barrier rope and applicator; breeding cages; thermometer; low 
temperature unit; spraying equipment; glassware and chemicals; hypo
dermic syringes; mill for pulverizing materials; hydrometers; 1 trocar; 
6 dissecting forceps; 5 scissors; 3 dozen hypodermic needles; 4 syr
inges; 6 gross wide mouthed bottles; 1 vaginal retractor; 10 gross 
micro-slides; distillation apparatus; nitrogen digestion unit; dryer 
cars; hot plate; 2 mills; torsion balance; microtome knife; soil testing 
set; soil nitrate set; ammonia nitrogen set; VanSlyke nitrogen appara
tus; grinding plates; illuminometer; motor; minor equipment for histo
logical work; centrifuge tubes; hydrogen ion apparatus; clinical ther
mometers; 1 microtome; 1 electric fan; 1 wet test meter; photosyn
thesis apparatus; multilith equipment and copying camera; chemicals; 
glassware; and laboratory apparatus. 
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