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By CLYDE H. DUNCAN 

LET'S GO back to that wind-swept day, nearly 
forty years ago, near Korea's Seoul, and to a salt marsh 
along a cove of the Yellow sea. Destiny on that day, 
and in that strange oriental land, introduced Korean 
lespedeza to the world. Destiny on that very day in a 
turbulent hour of the world's history in 1917, actually 
turned for a moment from a grave war in another part 
of the world and smiled on Missouri. Subsequent 
events later were to prove that here was the real be
ginning of great new wealth for Missouri agriculture. 
It was the day, actually, that Korean lespedeza was 
born. 

For on that day in that distant and strange land a 
tall, angular American medical missionary, Dr. Ralph 
Mills, who was as much botanist, almost, as medic, 
while working for the Severance Union General Hos
pital was on one of his many long walks by the sea
side. It was while on that walk there by the sea he 
first glimpsed, in that brackish soil and salty atmos
phere, what we now know as Korean lespedeza. Other 
men, no doubt, with less discerning eyes had looked 
upon this plant unmoved. But it wasn't to be so with 
Dr. Mills. 

"Strange plant it is", he must have thought. 
"What a luxuriant growth of forage in such an un
seeming place. Strange place for plants to grow at al1." 
What Dr. Mills was seeing was an orphan of the bo
tanical world, growing strong and healthy, overtop
ping all other plants in this seaside sward. 

"Maybe here is a plant to be investigated," the 
good doctor must have thought. "Maybe here is a 
plant fraught with great economic possibilities. Live
stock might thrive on it." 

Certainly Seoul with its scant livestock popula
tion especially in those days, was no place to find out. 
Back home in the United States, that was the place. 
Back at the U. S. Department of Agriculture, and out 
at the State Experiment Stations lived the curious. 

Dr. Mills stooped down and pulled up a plant, 
roots and all. What he saw caused a big, happy smile 
ro spread over his kindly features. He beheld dozens 
of small and large nodules. A legume! 

Now he knew he must go on from here. Legumes 
bring the nitrogen from the air and store it in the soil. 
Another legume is always welcome even if found on 
the rim of the world. Its heritage matters little, only 
if it be a legume. Man long ago would have despoiled 
the earth's fertility were it not for legumes -those 

Experi menters! 

prodigious wonders that keep on putting nitrogen 
back into the soil. 

Dr. Mills gathered several ounces of seed of this 
odd plant. Carefully he packed both plant and seed. 
In time this historic parcel, along with a letter explain
ing all, arrived in \~ ashington at the department of 
agriculture'S Division of Foreign Plant Introduction. 

"The seed sent in by Dr. Mills kicked around the 
department a long time before it got a chance to show 
its stuff," says an article by J. Sidney Cates in the 
February 1932 issue of Country Gentleman. "Finally 
some subordinate opened the package, took a squint 
at the unimposing little lot of unknown seed, then 
closed the package again and labelled it 'Alfalfa.' This 
was at a time when alfalfa seed samples were coming 
in from all parts of the world; coming in such volume 
that facilities were not available to give field trials to 
everything. " 

Dr. Adrian]. Pieters, long-time principal agrono
mist in charge of the Division of Forage Crops and 
Disease, Bureau of Plant Industry of the U. S. Depart
ment of Agriculture, supplies the information as to 
how the seed in this mis-labelled bottle finally got 
into the good earth. 

"One day in 1919 there came to my desk a pack
age of Korean lespedeza seed received through the 
Division of Foreign Plant Introduction from Dr. 
Ralph G. Mills at Seoul, Korea," writes Dr. Pieters in 
his delightful little volume: "The Little Book of 
Lespedeza." He goes on to say: "1 watched its develop
ment at the Arlington Experiment Farm, and it was 
clearly different from the familiar common lespedeza. 
I sent seed to our various experiment stations, and 
the results showed that the new lespedeza from Korea 
was promising." 

One can again surmise that destiny was playing 
a large role in lespedeza's life for here again we see 
that for two years -1917 to 1919-or from the time 
Dr. Mills first discovered the plant and mailed the 
now famous package until the planting of the seed at 
the Arlington station, much might have gone amiss 
or awry. Had not just the right thing happened, 
Korean lespedeza could have been delayed in reaching 
these shores for untold years. Truly, "God works in 
strange ways His wonders to perform." 

So it was that in the fall of 1921, the Missouri 
Agricultural Experiment Station, along with some 
five other state experiment stations, received a small 
unimposing two-ounce packet oflespedeza seed from 
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Dr. Pieters to be " tried out." 
The spring of 1922 was to be the spring "the stars 

shone on" Missouri agriculture. That was the spring 
when the few hundred Korean lespedeza seed were 
first put into the warm earth on a little plot of ground 
within the city limits of Columbia. They were planted 
on a plot ofland now occupied by the University of 
Missouri's Crowder Hall, a building used for R.O.T.C 
work. 

"The germination of the seed of this little packet 
was high," stated Dr. W. C Etheridge, the late 
head of the University'S Field Crops Department, and 
one who fostered and welcomed the new forage to the 
state, and who for many years was its god-father. 

"Those first plants grew well, " recalled Dr. 
Etheridge. "There was a heavy harvest of seed from 
that first planting in 1922, and the following spring 
the plot of land on which the lespedeza had first been 
grown was green with volunteer seedlings." 

Dr. Etheridge recalled that interest in the new 
crop mounted quickly as its possibilities were envi
sioned. "We tried it out on our mules on the Univer
sity farm, and to use a trite expression: 'They simply 
loved it' ;'" he added. "If the mules loved it that 
was evidence enough for us that we had a forage that 
had great possibilities so far as Missouri was concern
ed. In those days-as now-we banked pretty heavily 
on what we learned from our mules." 

Field trials came fast now. Experimenters at the 
Missouri Agricultural Experiment Station, under the 
direction of Dr. Etheridge and the late Prof. C A. 
Helm, realized that the Korean variety of lespedeza 
had much more to offer over the old common kind, 
misnamed Japan clover by the botanist Ravenel. 

Missouri's researchers observed that it grew taller, 
making a more dependable and more productive hay 
crop. It was superior in setting seed and the seed 
matured earlier. The plant-stem and seed-was 
easier to harvest. It was also easier to establish, quicker 
to come into production and somewhat more hardy in 
drouth periods. It had another advantage too. It made 
practicable the one-year rotation of small grain and 
lespedeza. 

All of that information on Korean lespedeza 
didn't come overn,ight. Missouri farmers themselves 
actually contributed a great deal to the early experi
mental work on the plant. Samples of seed were sent 
out after the second year to some 30 growers in the 
state, and in virtually every instance favorable reports 
came back to the experiment station. 

Some growers let forth with great praise for the 
new plant as in the case of one farmer who tried it out 
and postcarded his reply as to his results in these 
words: "It will replace everything else in Missouri." 

It hasn't as yet done that, of course, but it has almost 
been a miracle plant profit-wise. 

Interest in the new crop mounted quickly as 
county agents spread "the gospel" of the new legume 
out at the cross roads, and as its possibilities as a hay, 
pasture and seed crop were envisioned, and its value 
as a soil builder vaguely imagined. 

Farm folks began to hear stories about this new 
legume which was capable of producing 250 pounds 
of beef per acre from low fertility soil, provide an 
answer to depleted soil resources, and fit easily into 
the rotation program. News and feature stories were 
flying thick and fast from the College of Agriculture 
editorial office. No light was being kept under a 
bushel. 

So, with all of this impetus, Korean lespedeza, 
almost overnight, "came of age'; in Missouri's agricul
ture. Thanks largely to alert experimenters at the Mis
souri Agricultural Experiment Station and the co
operating farmers over the state. 

Perhaps no other crop has so quickly had so over
whelmingly won the confidence of farm folks in one 
state as has Korean lespedeza in Missouri. All of this 
would not have been had it not have been for the 
foresight of the men then connected with the Mis
souri Agricultural Experiment Station. They literally 
seized time by the forelock, these men such as Dr. 
Etheridge, Prof. Helm, Dr. M. S. Offutt, and their 
associates. 

So, Korean lespedeza, Missouri's "Wonder Crop," 
finds itself a little more than three decades later, liter
ally a cornerstone in the agriculture of the state. Early 
estimates this fall placed the state's harvest of lespe
deza hay at 1,020,000 tons from 850,000 acres. An 
average of 1.2 tons of hay will come from each and 
every acre devoted to this valuable legume. 

No Missouri banker frowns now at any of his 
mortgagors when they indicate they plan on estab
lishing lespedeza on their land. It has come to be 
known as the one sure way to farm prosperity, almost. 

This attitude on the part of Missouri bankers is 
vouchsafed for by the cold, hard monetary statistics 
which the banker himself can best understand. The 
annual worth of lespedeza to Missouri has been esti
mated by the state's agricultural economists to be 
worth close to $100,000,000. And that figure does not 
take into account its value as a soil conserving legume. 

The seed from this "wonder plant" in 1954, alone, 
was worth $4,830,000. It is expected greatly to exceed 
this figure for 1955. Those who have spent many years 
working with Korean lespedeza at the Missouri sta
tion estimate the pasturage annually from this crop 
'to add another $50,000,000 in wealth to the state dur
ing normal years, 
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If a true value could be placed on the soil con
serving effects of lespedeza it would be a little short 
of stupendous. Field crops specialists estimate that 
this oriental legume fixes at least an average of 10 
pounds of nitrogen per acre annually in the soil on 
which it is grown. This value in new fertility is con
servatively estimated at $12,000,000 if bought in sacks 
or bulk as ammonium nitrate, or about 160 times the 
cost of discovering and adapting the crop, which has 
been estimated at only $75,000-one tenth the price 
we paid for Alaska, and both lespedeza and Alaska 
have long ago proven to be big bargains. 

The value of this annual legume to the farm folks 
of Missouri, since it first began to attract attention in 
1931 to the present time, has been estimated in the 
neighborhood of $1,250,000,000. This is a sizeable 
addition to the state's agricultural wealth in the short 
span of twenty-five years. This rough-hewn figure, 
more conservative than otherwise, represents the 
monetary value placed on the plant as a pasture crop, 
as hay, as a seed crop, and by estimating its value as 
a nitrogen fixation plant, and as a soil conserving 
agent. 

Lespedeza on one hand represents so far as your 
agricultural experiment station is concerned, a graphic 
picture, and on the other a very dramatic illustration. 
It points up ~ith dollar marks -because it is actually 
a "cash crop" -the true value from a monetary stand
point of agricultural experimental work, the kind 
which is in progress constantly at your own Missouri 
Agricultural Experiment Station. Here then, not 
figuratively but literally, has b~en a great fortune to 
share in research, shared by all Missourians alike. 

In Korean lespedeza alone, the people of the state 
have received many times over in the total assets of 
the crop to the state, what it has cost to conduct re
search on many and sundry other subjects. 

Lespedeza-now that we have it-isn't forgotten 
by your station. Research to improve lespedeza goes 
on unabated. Two years ago a soldier in Korea, who 
had been a Field Crops student of the University, sent 
innumerable seeds and plants from the land where it 
originated back to Columbia, to help in the study of 
wilt and other diseases in the plant. 

Ways to increase its productivity and improve 
its quality and usefulness goes on with no let-up. 
Korean lespedeza is now more a part of the Missouri 
scene than the state's famous symbol, the mouse
colored, Roman-nosed mule. 

A story of Korean lespedeza has been cited at 
length as just one example, yet a truly monumental 
example, of how your Missouri Agricultural Experi
ment Station is always alert to new plants, and more
over new ideas, and with eventual improvements on 

them, which will help Missouri rural and urban folks . 
We also include the urban population because 

agricultural research is for everyone regardless of 
whether they live on a farm, village, town or city. We 
are all consumers of food and fiber, irrespective of our 
place of abode. 

There are many other experiments being conduct
ed, and often behind locked doors, guarded by watch
men who know the value of that which has been 
charged unto their care. Not all of these experiments 
are as dramatic in appeal as lespedeza; but all are 
fraught with tremendous economic possibilities never
theless for Missouri and its people. 

The experiments-legion in number and outlined 
in this publication-range from studies on the effect 
of high and low protein in the rations of livestock 
to high and low temperatures as they affect a dairy 
cow's producrion, growing Christmas trees to the kind 
of school shirt which will wear longest when draped 
about the growing form of your "All-American" boy 
just turning from his ABC's to the multiplication 
tables. 

In these pages are the summarized reports of the 
"glorious experimenter," as he has affectionately been 
called. I t is he who delves deep to add another page 
to the saga of sciences. It is he who may all too often 
be too busy to look up from crucible and test tube 
when the world lauds him. 

Auguste Robin immortalized the experimenter 
in his bronze master-piece: "The Thinker." The ex
perimenter, however, doesriit think of himself in such 
an inspiring way, and it is therein that he again adds 
to his stature. He thinks mostly of adding to the sum 
total of the world's knowledge, if he thinks about it 
at all; but mostly -we suspect-he thinks of doing 
a good day's work. 

It is this down-to-earth attitude which projects 
science so far into the future. It is an attitude so lofty 
in purpose and yet so practical and simple that the 
end result helps to feed a hungry child in far away 
impoverished lands, or clothe and shelter a pitiless 
wanderer within our gates. 

One often wonders what it is that causes men of 
research-such as those at your own Missouri Agricul
tural Experiment Station- to keep relentlessly at an 
appointed task, and what sometimes turns out to be a 
"dead end" street. If you search hard enough you will 
eventually find the reason why. When you find this 
answer you are apt to find it in the words of one who 
trod the earth more than 300 years before Christ, and 
who sat at the feet of Plato, great Greek philosopher, 
in the market places, and on the steps of the temple. 
Aristotle, he was! 

It was he who said: "All men by nature desire 
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knowledge." There you have it, the real reason why 
men go on working in science the way tItey do. In 
sharing this knowledge with you-in these very pages 
-in their unselfish way they have added more than a 
few specks of knowledge to the world. They have en
hanced the principles of the One who taught in the 
long ago: "It is better to give than to receive." 

Take these printed pages now, and use them in 
your own individual way-as reference or guide. Actu
ally, it is a gift from your state to you. Like the sun, 
the wind and the rain, which comes to you unsolicited 
-or like the branch of lespedeza growing timorously 
in a salt marsh in a cove by the Yellow sea awaiting 
some one to put it to use-so this book may prove 
invaluable to you. Put it to work! 

* * * 

In life all of us have our jobs to do, put succinctly 
in the words of the poet: 

"We are not here to dream, to drift. 
We have hard work to do, and loads to lift." 

So, if the findings within these pages help you 
lift those loads, the time in carrying out the experi
ments and the preparation of this material will not 
have been in vain. It is our hope that in these pages 
may be found for you one of life's richest emoluments 
in rewards richly bestowed upon you by these men of 
science of your own Missouri Agricultural Experiment 
Station, who have found truth in the words of 
Aristotle: 

"All Men By Nature Desire Knowledge." 

* * 
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Agricultural Chemistry 
A. G. Hogan, Chairman 

Proper Proportions of Amino Acids 
Required by Poultry 

A. C. Hogan and R. W. Craghead 

OBJECTIVES: 

A. To determine whether the chick requires any vita
mins as yet unrecognized. 

B. To obtain additional information concerning 
quantitative amino acid requirements of the chick. 
The chicks used were White Leghorns and within 

one day after hatching they were weighed and divided 
among the experimental groups. In order to conserve 
space, the dietary constituents were always included 
in the rations in the same amounts. 

Our studies on unrecognized vitamins have been 
continued by including in a synthetic diet compounds 
that had unexpected growth promoting activity, and 
the results were compared with those obtained when 
alfalfa meal was included in the synthetic diet. The 
basal diet is similar to experimental diets used exten
sively in similar investigations. It was found that the 
rate of growth on this diet is not satisfactory by mod
ern standards. 

One of the most desired pieces of information 
sought in this study is the minimum amount of each 
essential amino acid that is required for maximum per
formance. Lactalbumin has been used in an attempt to 
obtain some information on that point. It developed 
immediately that lactalbumin alone, as a source of 
protein for the chick, has practically no value. 

Important conclusion in this study at present is 
that it is possible to formulate a ration out of natural 
feedstuffs which will support as rapid a rate of growth 
in chicks as does a synthetic diet. (Project 137) 

Mineral Content of Bluegrass and 
Lespedeza Grown in Missouri 

E. E. Pickett, C. W. Strobel, et al. 

The collection of lespedeza samples was analyzed 
for sodium, potassium, iron, and manganese, and the 
soils were analyzed for copper, cobalt, zinc, and igni
tion loss. This completes the list of elements which 
were to be determined except for iodine and molyb
denum. Iodine determinations were not carried out 
because of their slowness and difficulty, and molybde
num was not run because the method which was to be 

used proved finally to give poor results. The iodine 
and molybdenum will have to be run later and their 
results published separately. (The iodine determina
tion has recently been started again and some good 
data on a few soil samples have been obtained.) This 
work was interfered with by some unexpected work. 
It will be completed during 1955. 

Forty-seven samples of wheat grain, sixteen of 
alfalfa, and soils associated with each were collected 
from seven important areas in Missouri in 1954. The 
wheat was analyzed for magnesium, sodium, potas
sium, and ash. They are to be analyzed [or copper, 
cobalt, zinc, iodine, phosphorus, chlorine, sulfur, ni
trogen, fat, iron, manganese, and calcium. The alfalfa 
was analyzed for the same elements as the wheat and 
for calcium; it is to be analyzed for the same and also 
for boron and molybdenum. (Project 147) 

Critical Nutrients In Guinea Pig Nutrition 

A. C. Hogan, B. L. O'Dell, W. O. Regan, E. R. Morris 

The colony ration supplied to guinea pigs in this 
laboratory has been reasonably satisfactory for growth 
and reproduction. It contains 1.2 percent of calcium 
and 0.9 percent of phosphorus. However, mature ani
mals, over 18 months of age, at times develop sore 
and stiff joints, followed in some cases by visible de
posits of calcium phosphate. If the amount of phos
phorus in the ration is increased to 1.6 percent the 
deposits appear after about 19 weeks and presumably 
they will develop in every animal that survives the 
normal life span. A synthetic diet which contained 
approximately 1 percent of calcium and 1 percent of 
phosphorus was less suitable for guinea pigs than was 
the colony diet. The animals grew more slowly and 
there was a low incidence of calcium phosphate de
posits when the animals were about 6 months old. 
When the phosphorus content of the diet was raised 
to 1.65 percent, the rate of growth was depressed still 
more, and half of the animals developed calcium phos
phate deposits in an average time of 7 weeks. A small 
amount of evidence was obtained that the severity of 
the symptoms could be reduced by increasing the cal
cium content of the diet to 1.6, thus raising the cal
cium: phosphorus ratio to approximately 3:2. 

The earlier report that the consumption of an ex
cess of phosphates is injurious to guinea pigs, was 
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confirmed. The symptoms are slow gains in weight, 
the development of stiff joints, the development of 
calcium phosphate deposits, and a high mortality rate. 

The symptoms were most severe on the rations 
that contained calcium 0.9%, phosphorus 1.7%, magne
sium 0.04%, and potassium 0.41%. 

When the rations were changed to contain ap
proximately 0.35% of magnesium -and 1.5% of potas
sium the damage to the animals was reduced remarka
bly. The animals made moderate gains in weight, few 
of them became stiff, deposits of calcium phosphate 
were rare, and the mortality rate was low. (Project 149) 

Maternal Nutrition and Congenital 
Abnormalities in Infant Rats 

J. H. Bruemmer, A. G. Hogan, and E. L. O'Dell 

OBJECTIVES : 

A. To study the effect of maternal diet on congenital 
malformations. Effect of protein source, vitamin 
B1 2 , antibiotics and stress agents. 

B. To investigate the effect of maternal vitamin Bi z 
deficiency on various enzyme systems, and on 
phosphorus and carbohydrate metabolism. En
zymes studied included choline oxidase, cyto
chrome oxidase, succinoxidase, and rhodanese. 

e. To study the pathology of nutritional hydrocepha
lus particularly as related to the cause of the de
formity. 

SUMMARY: 

A. The source of protein in the maternal diet has an 
effect on the incidence of skeletal anomalies in 
the offspring. In general the plant proteins, soy
bean meal, cottonseed meal and peanut meal, af
forded greater protection than animal proteins, 
such as casein, lactalbumin and egg albumin. 

B. Liver protein, soybean ash, gelatin, and methio
nine proved ineffective as supplements to the case
in ration. 

e. The antibiotics, penicillin and aureomycin, were 
ineffective in preventing malformations when 
added to a vitamin B1z deficient diet. 

D. A deficiency of niacin induced by pyridine-3-sul
fonic acid increased the incidence of skeletal ano
malies and the effect could be reversed by niacin. 

E. A deficiency of pantothenic acid induced by pan
toyltaurine gave rise to hydrocephalus and a high 
incidence (25 %) of skeletal anomalies. 

F. Stress agents such as scarlet fever toxin, phenobar
bital, urethane and DDT increased all types of 
malformations but affected bone formation very 
markedly. 

G. A maternal deficiency of vitamin BI2 decreased the 

liver cytochrome oxidase but had no effect on 
succinoxidase, choline oxidase or rhodanese ac
tivity. Fasting had similar effect but cytochrome 
oxidase was affected to a much smaller extent than 
by the vitamin deficiency. 

H . Phosphorus metabolism in the new born rat as 
studied by use of radioactive phosphorus was in
fluenced by a maternal deficiency of vitamin Bi2 . 
The specific activities of the acid soluble and the 
lipid soluble fractions of both liver and brain were 
higher in the deficient animals. On the other hand 
the specific activities of the nucleic acid fractions 
as related to the acid soluble fraction (relative spe
cific activity ) were decreased in both liver and 
brain tissue from deficient animals. 

1. Fasting increased the specific activity of the acid 
soluble fractions, but, in contrast to the vitamin 
deficiency, decreased it markedly in the lipid solu
ble fraction . The specific activities of the nucleic 
acid fraction of both liver and brain were also de
creased by fasting. 

J. Although the blood sugar was not affected sig
nificantly by a vitamin BI Z deficiency, the liver 
glycogen content was reduced to a level of 20% of 
the controls. 

K. The hydrocephalic brains which resulted from a 
vitamin B 1 2 deficiency had 15 % more cells per 
given area, in the region surrounding the cerebral 
aqueduct, than control brains. (Project 151) 

Study of Hemophilia-like Disease in Hogs 

M. E. Muhrer 

OBJECTIVES: 

A. Maintenance of the bleeder strain of swine. 
B. Study the hemostatic properties of blood plasma 

extenders. 
e. Study Antihemophilia factors in swine blood. 

The Missouri Agricultural Experiment Station 
has the only strain of hemophilia-like swine on 
which any experimental work has been recorded in the 
literature. This herd affords an excellent opportunity 
to do original research and help in the advancement of 
knowledge in this important phase of Physiological 
mechanisms. Because of limited space, funds and per
sonnel the bleeder herd has been kept to the bare 
minimum in number. The breeding system involves 
the use of bleeder males and carrier females. In this 
way the apparently normal sows will produce bleeder 
pigs. The male is the only mature bleeder that needs 
to be kept with this system. Therefore the possible 
lo~s .of large animals from hemorrhage is kept at a 
m101mum. 
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Results in this study indicate that Dextran does 
not increase the coagulability of blood. Conversely, 
our results indicate that Dextran is a mild anticoagu
lant. However, anticoagulants are often valuable in 
preventing thrombosis and other conditions associated 
with hypercoagulability of blood. Anticoagulants are 
often indicated postoperatively. In view of these find
ings, blood or plasma is more desirable than Dextran 
to increase blood volume before surgery or when hem-
ostasis is a problem. However, when hemorrhage is not 
a problem then Dextran would be a valuable blood 
extender. It would be superior to whole blood or 
plasma because it would lessen the danger of throm
bosis or intervascular clotting. 

Continued studies were made using techniques 
developed for human and canine hemophilia. These 
studies were of a fundamental nature using recently 
developed techniques, including the partial thrombo
plastin time and a new method for assay of the anti
hemophilia factor. As a result of these studies it ap
pears that the swine disease is biochemically of the 
same type as the canine hemophilia and human hemo
philia. Although of the same type there are differences 
that are still challenging. (Project 56) 

Forage Poisoning Caused by Drouth 

M. E. Muhrer, L. M. Flynn, G. B. Garner 
and O. S. Baumstark 

OBJECTIVES: 

A . Test forages for toxic substances including nitrate. 
B. Determine the effect of ensiling on toxicity of 

forages . 
C. Study t~e Physiological effects of toxic materials 

found in forages and investigate ways of prevent
ing or counteracting this toxicity. 
Forage poisoning such as "corn stalk disease" and 

"oat hay poisoning" has long been known to afflict 
livestock in semiarid areas. These outbreaks have been 
repeatedly reported in several of our western states 
with an occasional report from Missouri farms. Several 
cases of poisoning were reported following the feeding 
offorage in 1953. The incidence increased in 1954 
until it reached near epidemic proportions in central 
Missouri. Dozens of herds were affected and hundreds 
of cattle were killed. Many tests were run on the for
ages consumed by these animals and in most cases this 
feed contained excessive amounts of nitrate. There 
were other causes of death but 85 samples of forages 
were found with sufficient nitrate for each to be sus
pected as the cause of death of one or more animals. 

Cattle were affected more than other animals and 
~orn stalks seemed to be more toxic than other feeds. 

A more detailed study was made of the distribu
tion of nitrate in the corn plant. The stalks contain 
more nitrate than the leaves. Furthermore, our tests 
indicate that the nitrate was found in higher concen
trations near the bottom of the corn stalks and dimin
ished, somewhat near the top of the stalk. Nitrate was 
rarely present in the stalk above the ears that filled. 
In addition, these data indicate that the corn contained 
more nitrate in 1954 than was present in 1953. 

PREVENTION: 

1. Use 40-60 pounds of molasses per ton of 
drouth forages when ensiling. The content of nitrate 
will be reduced by fermentation, lessening the (ianger 
to the animal. 

2 . . Start animals slowly on forages produced in 
drouth areas and increase the amount gradually to the 
desired full feed if the animals show no undesirable 
effects from the forage. 

3. Provide a variety of forages so that the animal 
has a chance to reject the feed that is toxic. In addi
tion , this will often dilute a toxic forage so that it is 
not harmful and can be utilized. 

4. Supplement high nitrate forages with high 
energy feed . It is desirable to feed molasses or some 
grain such as corn and cob meal along with this for
age. (Project 247) 

Studies of Rumen Microorganisms 

Laura M. Flynn , C. W. Gehrke, M. S. Zuber, 
and A. G. Hogan 

OBJECTIVES: 

A. The analysis of samples of exotic corn grain (se
cured by Dr. Zuber from the Iowa State College 
Experiment Station) for moisture, zein and non
zein protein, to try to find a high-protein corn 
with a low percentage of zein. 

B. The determination of moisture, zein and non-zein 
protein in samples of corn grain grown in Mis
souri, to find out how the percentage of zein in 
the crude protein varies with different hybrids, 
and with differences in the amounts of nitrogen 
added to the soil. 

C. Statistical analyses of data on crude protein and 
percentages of zein in 164 samples of corn grain, 
to determine the correlation of the percent crude 
protein in the grain with the percent of zein in 
the protein. 

D. The analysis of separated leaves, stalks and shelled 
grain from corn grown in 1953 to find whether 
changes in plant population and in amounts of 
nitrogen added to the soil made significant dif
ferences in the nutrients in the plant material. 
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E. The analysis of leaves, stalks, tassels, shucks and 
rudimentary ears from drouth corn plants har
vested in July, in August, and in September 1954, 
to find the effects of drouth, irrigation, differences 
in added nitrogen, and in time of cutting on the 
dry matter, protein, and nitrate nitrogen in the 
plant materials. 

Some of the RESULTS follow: 
Increasing the plant population causes a small 

increase in the percent of protein in the stalks and 
~eaves, and a sma.ll decrease in the percent of protein 
m the shelled gram. Except for the plots receiving 250 
lbs. N/acre, increasing the population also decreased 
the yield of dry matter in the shelled grain. 

Increasing either the population or the added 
nitrogen increases the ratio of dry matter from leaves 
to dry matter from stalks; since the percent protein in 
~eaves is higher than in stalks the percent of protein 
m the forage (stalks and leaves) increases with more 
leafy material. 

Forage from plots receiving 50 lbs. of added N 
p~r acre had slightly less protein than that from plots 
WIth no added N . The shelled grain had a higher per
cent of protein when 50 lbs. of N was added. Increas
ing the added N, from 50 lbs. to 120 and 250 lbs. per 
acre, ~a~sed progressive increases in the percent of 
protem m leaves, stalks and grain. 

Under the various cultural practices tested the 
shelled grain furnished about one half of the dry mat
ter in the whole plant (stalks, leaves and shelled 
grai~). As the plant population was increased, the pro
pomon of dry matter and of protein contributed by 
the grain was decreased somewhat as compared to that 
from the forage. These decreases in fractions of dry 
matter and protein with increased population were 
smaller in plots receiving higher levels of added nitro
gen. 

The st.alks from plots receiving 250 lbs. of N per 
acre contamed about 2% of KN03 on a dry basis. 
This would be toxic if the stalks were used as the only 
feed for animals. 

The percent of KN0 3 in stalks from irrigated 
corn grown in a drouth year increased with an increase 
in the N added to the soil. Nitrate was at a toxic level 
in stalks from both irrigated and non-irrigated plots. 

Stalks from non-irrigated plots which did not 
produce grain contained more KN03 than stalks from 
irrigated plots which produced a crop. 

Forage from non-fertilized and non-irrigated 
plants contained a higher percentage of protein than 
one expects to find in years with normal temperature 
and moisture. 

Stalks from plants grown on plots with added 

nitrogen but without added moisture contained a 
higher percentage of protein than stalks which were 
fert~lized and irrigated and which produced a crop of 
gram. 

Yields of dry matter per plot in the tissues har
vested in September were less than are expected in 
normal years. 

~ields of forage (dr~ basis) were higher in August 
than mJuly, but lower m September than in August. 
Shattering of tissues in the wind and insect damage 
were probably responsible for loss of weight in the 
September samples. There are inconsistencies in the 
data but in general increase in added N (over 50 lbs. 
per A) seemed to cause a decrease in the yield of dry 
matter in each of the 3 sets of samples. 

Increase in the level of added N (over 50 lbs. per 
A) ,:as paralleled by increases in percen t of protein 
and m percent of KN03 in the plant tissues. 

. Inc~ease in :he percent of protein in the plants 
WIth an mcrease madded N made possible the main
tenance or increase in the yields of protein per acre, 
even though the yields of dry matter decreased at high 
levels of added nitrogen. 

The percent of protein and percent of KN03 in 
the whole plant in September were higher than one 
expects in normal years. 

The high percent protein in the tissues in July 
decreased in August and in September. The percent of 
KN0 3 decreased in August and in September, but 
was maintained at a high level for plots which had 
received 120 or 250 Ibs. N per acre. 

Most of the KN03 in each lot of corn plants was 
foun.d .in the stalks. (Exception-Leaves from the plot 
re~eIvmg 250 lbs. N per acre and cut in July, con
tamed almost half of the nitrogen in the whole plant). 
. Leaves, stal~s, and shucks contained a large frac

tlOn of the protem in the whole plant. Although the 
percent of protein is high in tassels, their comparative
ly low weight resulted in their contributing only a 
small fraction of the total protein of the whole plant. 

Altho~gh the ears were rudimentary, the protein 
they contamed made up an appreciable fraction of the 
protein in the plant. (Project 212) 

Rumen Culture 
M. E. Muhrer, G. B. Garner and John Baumstark 

OBJECTIVES: 

A. Study the factors regulating the growth of rumen 
microorganisms. 

B. Study changes that occur in the artificial rumen 
that would improve the composition of a swine 
ration containing urea and a relatively large 
amount of crude fiber. 
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C. Isolate and characterize some rumen microorgan
isms. 
The results obtained might lead one to suspect that 

the organism is able to gain energy via the Stickland 
Reaction or from the organic acids derived from the 
deamination of amino acids. The organisms which fer
mented cellobiose could conceivably be important iIi 
the utilization of the excess cellobiose produced by the 
cellulose digesting organisms. 

The ability of bacteria to reduce nitrate anaero
bically seems to vary somewhat. Organisms reducing 
nitrate aerobically also reduce the ion anaerobically. 
On the other hand, it has been shown that some obli
gate aerobes were able to grow under anaerobic condi
tions in the presence of nitrate. The nitrate ion in this 
case takes the place of molecular oxygen in accepting 
electrons from the substrate. 

The organisms isolated, with the exception of 
the ones which did not grow anaerobically, are 
thought to be "rumen organisms." The specific func
tions of these organisms, however, remain unknown. 
It is hoped that the organisms isolated can be used in 
futue research to elucidate their respective roles in 
rumen functions . (Project 152) 

Ionic Concentration and Stability of 
Evaporated Milk 

C. W. Gehrke, J. M. Baker and H. E. Affrprung 

MAJOR OBJECTIVES: 

A. :to obtain fundamental information of a physico
chemical nature on the activities of the cations and 
anions in milk and processed milks; 

B. To seek knowledge concerning the distribution of 
the inorganic components of milk between the 
ionic, dissolved-complex, and colloidal phases; 

C. In what way these systems are changed ~y the ap
plication of heat and; 

D. Finally to determine the relationship of these find
ings to data on the heat stability of the protein. 
The experimental data show that the effect of 

calcium ion on casein is small and similar to that of 
any divalent ion upon a hydrophobic colloid. Neither 
suspensions of casein in relatively high concentrations 
of salts nor high concentration of protein in relatively 
low salt concentrations gave any evidence of chemical 
interaction between casein and calcium ion. 

The addition of calcium citrate and phosphate 
salts to the 2.7% casein suspensions gave an unexpect
ed result in that the experimental potentials were 
slightly higher than predicted. The explanation for the 
increase in cationic activity is probably explained by 
anion exchange occurring between the multivalent 

anions and chloride or possibly hydroxide ions from 
the surface of the casein particle. An exchange for 
chloride ion would increase the activity of the cation 
and result in the observed potential increases. This 
type of exchange would also explain the stability of 
the casein suspensions to heat when calcium salts of 
citric and phosphoric acid were added. 

The necessary conclusion regarding a chemical 
reaction between calcium ions and casein, is that, in 
the pH range investigated, no such reaction occurs. 
The effect of the calcium ion upon the stability of 
milk is indirect in that the addition of an excess of cal
cium ions removes the stabilizing citrate and phos
phate ions from the colloidal casein and reduces the 
zeta potential to the point where coagulation occurs. 
The coagulation process is probably enhanced by the 
hydration of the calcium ion although this is a weak 
reaction, and alone, would not coagulate the protein. 

An average pK val ue of 3.15 was obtained by 
resin membrane electrode measurements for the sta
bility constant of calcium monohydrogen citrate. 
(Project 148) 

Spectrographic Service 

E. E. Pickett, C. W. Strobel, et al. 

THE OBJECTIVES OF THIS SERVICE : 

A. To carry out determinations of mineral elements, 
insecticide residues, toxic heavy metals, and other 
special analytical problems submitted by various 
departments of the university. 

B. To develop analytical methods which are useful 
in solving these problems. 

C. Perform work for people outside the university 
as need arises and time permits. 

REPORT OF PROGRESS 

Increasing use was made of the laboratory during 
1954 by representatives of other departments who did 
their own work in the laboratory under supervision. 
This is encouraged as a quick and economical way of 
getting work done. Principal users were two members 
of the Horticulture staff, who measured absorption 
spectra. 

The analytical work done for the various depart
ments included: Agricultural Chemistry: 479 samples 
and 2044 determinations; Veterinary Pathology: 15 
samples and 18 determinations; Soils: 10 samples and 
40 determinations; Horticulture: 43 samples and 121 
determinations; Chemistry: 20 samples and 20 deter
minations; Mechanical Engineering: 16 samples and 
36 determinations. 

Total, all University Departments: 574 samples 
and 2279 determinations; coming from outside the 
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University: 624 samples and 2341 determinations. Summary of Work Done -
(Project 76) Feb. 1, 1954 - Jan. 31, 1955: 

No. of No. of % of 
Samples Analyses Analyses 

Dean's. Office Fertilizer 
Control Samples 2,570 14,100 54.68 

Anal ytical Services Department of Agricultural 
Chemistry 1,184 3,977 15.42 

Charles W. Gehrke, et al. Department of Animal 
Husbandry 117 1,134 4.39 

OBJECTIVES OF THIS SERVICE: Department of Zoology 18 128 0.50 

A. To conduct analytical research work on the various 
Department of Horticulture 38 108 0.42 
Department of Dairy 

research projects submitted by the several divi- Husbandry 48 117 0.45 

sions of the College of Agriculture and related Department of Forestry 76 703 2.73 
Department of Field Crops 102 244 0.95 Agencies. Department of Veterinary 

B. To develop new fundamental chemical methods Medicine 26 57 0.22 

related to any of the above projects. Department of Poultry 
Husbandry 164 471 1.83 C. To conduct routine analytical control work for Department of Soils 273 791 3.07 

the University, Agricultural Stabilization and Con- Office of Supervisor of 

servation Commission, and the citizens of the Fertilizer Inspection 31 191 0.74 
Association of Official 

state. Agricultural Chemists -
D. To conduct a basic research program in agricul- Referee Work 28 445 1. 72 

Collaborative Work With 
tural chemistry and related fields . This will be F. S. Royster on "Magruder" 
done in cooperation with various cooperating de- Sample 12 233 0.90 

partments and agencies. Agricultural Stabilization and 
Conservation Administration 1,225 2,550 9.89 

Miscellaneous Samples -
People o~ the State 114 539 2.09 

TOTALS 6,026 25 1788 100.00 

* * * * * 

Agricultural Economics 
o. R. Johnson, Chairman 

Efficiency of Livestock Marketing in Missouri 

Elmer R. Kiehl and Charles L. Cramer 

Cooperative arrangements have been developed 
with representatives of the Stockyards Companies and 
Livestock Exchanges a,t livestock markets at Kansas 
City, St. Joseph and St. Louis. Data on daily total 
receipts (by rail, truck) and salable receipts of live
stock have been obtained for the years 1952-54. In 
addition, data on daily disposition of the salable live
stock on these markets were obtained for the same 
period. Dally price data have been obtained from the 
St. Joseph marker. 

In addition, a series of questionaires have been 
prepared for use in obtaining information from live
stock truckers, order buyers and dealers, commission 
firms, slaughtering plants and farmers . The schedules 
have been designed to obtain information on what 

institutional factors, if any, contribute to daily fluctua
tion in receipts at markers. These will be pre-tested in 
the field during March, 1955. 

Indices of daily fluctuations of receipts have been 
computed. Various statistical techniques are being 
utilized to determine the relationship of within week 
fluctuation of receipts at a given market to fluctuations 
in prices. (Project 7) 

Economic Characteristics of Seed Price 
Relationships 

Jesse C. Grady Jr. , Wm. L. Wyss, B. H. Frame, 
O. R. Johnson and Frank Miller 

Missouri is an important state in the production 
of the eight field seeds as shown in the following 
table' 
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MISSOURI'S RANK AND NUMBER OF STATES PRODUCING 
Red Red Sweet Blue 

Grass Alfalfa Lespedeza 
L 

16 

Clover Top Timothy Fescue Clover 
5 

10 
o 

19 
Rank 5 2 2 0 14 
Mo. Producing 20 2 8 15 17 

Several of the larger processors and distributors 
of the United States are located in Missouri. A com
bination of both production and distribution makes 
Missouri an important state in the pricing of field 
seeds. It was felt that farmers in the state were in need 
of information that would give them some idea as to 
what happens to the seed they produced and the meth
ods of processing and pricing. 

To get the information desired a sample was taken 
from 22 counties which are geographically located im
mediately north and south of the Missouri river. It 
was found that 155 firms handling 5,000 or more 
pounds of seeds were located in the 22 counties. Each 
county was sampled individually and a total of 45 
schedules was completed from those selected random
ly. Eight schedules completed were not selected ran
domly but in relation to cooperation. These schedules 
were taken on large wholesale operations in either 
Kansas City or St. Louis. All of the schedules have 
now been tabulated and put on IBM cards. A thesis 
is being written and will be adapted to bulletin form 
upon completion of the analysis. Some of the major 
results and findings are as follows: The sample of 
wholesalers included in the study buy, process and 
sell a volume equivalent to 48% of the total volume 
handled in Missouri and 12% of the United States 
volume. The wholesalers also purchased, processed 
and sold a volume equivalent to 68.6% of Missouri 
production. 

The production of lespedeza, red clover, timothy, 
red top, and blue grass in Missouri is equal to 20% of 
U. S. production. The seeds that are produced in sur
plus quantities are lespedeza, red clover, timothy, red 
top and blue grass. The seeds that are produced in 
deficit quantities are alfalfa, sweet clover and fescue. 
The movement of seeds into the state come from the 
west and north and move out to the east and south. 
(Project 12) 

Missouri Land Use 

Frank Miller, L. C. Stuber, O. R. Johnson, 
B. H. Frame, Don O. Elfson 

Most of the farm leases in the Midwestern states 
are one-year contracts with automatic renewal clauses. 
Under these conditions, the tenant has very little in
centive to build water control structures or to treat 
the soil with such amendments as lime and rock phos
phate. Procedures are outlined that can be used as 

guides in writing compensation clauses into leases that 
will encourage tenants to protect the land they operate 
from erosion and to improve its productivity. The 
manuscript will be revised and submitte~ for publica
tion as a North Central Regional Bulletm. 

One of the objectives of the subproject is to as
semble information on acres and yields of crops, num
ber and size of farms and other pertinent data for the 
different counties to show the changes that have taken 
place in Missouri. agriculture. The part of this objec
tive dealing with the proportion of the total land area 
of the various counties that is in farms and the use of 
the land in farms for crops, pasture, woodland and 
other purposes throughout the period 1925 to 1950 
has been accomplished. 

One of the objectives of this subproject is to de
termine what influence mechanization, the use of im
proved seed and varieties of crops, and the application 
of fertilizer is having on the agriculture of the state. 
Work during the past year has dealt with determina
tion of intensive margins in fertilizer use. 

One of the objectives of this subproject is to com
pare the amount of rent actually paid with the amount 
that equitably could be paid out of the flow of farm 
income that exceeds capital and labor cost. The work 
done during the past year partially meets this objec
tive. It has dealt with capital and labor inputs for con
servation purposes and leasing arrangements that will 
divide the costs and returns equitably between land 
owners and renters. 

In Atchison County 86.2 percent of the total land 
area was in farms in 1925, and 96.5 percent in 1950. 
Approximately two-thirds of the land in farms has 
been in crops each census year since 1925. Corn oc
cupies the largest acreage. 

In Pemiscot County, only 50.1 percent of the land 
was in farms in 1925. In 1950,93.3 percent was in 
farms and 87.7 percent was in crops. 

In Reynolds County less than one-third of the 
land is in farms, and the percentage has remained 
virtually unchanged since 1925. The proportion of 
farm land used for crops declined from 31.3 percent in 
1925 to 18.9 percent in 1950. 

The intensive margin in applying nitrogen to 
corn on the Putnam soils of Central Missouri is reach
ed at 130 pounds when nitrogen costs 13 cents a 
pound and corn can be sold for one dollar a bushel. 
Applying fertilizer according to soil tests raises the 
net returns from a loss to a profit when farm com-
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modity prices decline. Reductions in use of fertilizer 
where soil tests show that it clearly is needed is not 
the way to adjust a farm business to declining farm 
commodity prices. 

The leases that are in common use in the mid
western states do not encourage tenants to protect the 
soil from erosion or to build up its productivity by 
adding lime, rock phosphate and other soil amend
ments when needed. It is possible to prepare leases 
that will encourage conservation and improvement of 
the land while increasing the incomes of both tenants 
and land owners. (Project 44) 

Developing Grade Standards for Slaughter Cattle 

E. R. Kieht and Wm. L. Wosson 

Data on which this study is based were obtained 
from an original sample of 529 beef steer and heifer 
carcasses. Regressions were completed using the var
ious physical measures of the carcass on both steers 
and heifers' separately and combined. The analysis 
showed that the best physical indicators of grade were 
carcass width, lateral feet measure of the rib eye, 
plumpness of the round and carcass weight. Multiple 
regression analysis indicated that carcass weight, 
length and the lateral measurement combined were 
significantly related to grade. 

Data currently under analysis represent the re
corded objective and subjective evaluations of 318 
steer and 149 heifer carcasses. Use of some of the 
originally recorded data has been discontinued due to 
lack of uniformity and completeness of data gathered. 
For these remaining 467 carcasses, this phase of the 
analysis covers all 36 variables for which data were 
recorded. 

Upon the assumption of linear regression in all 
paired variates, all possible simple correlation coef
ficients are being determined for sexes separately and 
combined. These coefficients, 1,890 in total, and their 
related by-products will be used in further appraisals 
and analyses of the variates in order to ascertain their 
merit as related and predictor variates of grade; and 
the application of other statistical procedures and tests 
relating to the study of hypothesis regarding beef 
grading procedures. (Project 59) 

Marketing of Missouri Poultry 
and Poultry Products 

John D. Miller, O. R. Johnson, and B. H. Frame 

Data relative to source of credit by lending 
agencies are still being gathered. Banks in rural areas 
apparently cannot finance broilers because of the sea
sonal fluctuation of demand for such money without 

charging a high rate of interest. Banks in metropolitan 
areas that can finance a feed company which operates 
over a large area, can invest in broiler credit at a lower 
rate of interest because demand for money is more 
constant. Many feed companies earnestly desire to turn 
the financing over to local banks but cannot because of 
the above situation. Study also indicates that growth 
of the industry is hindered by the lack of 8-10 year 
money for fixed capital investment without having to 
mortgage the whole farm. (Project 60) 

Farm Real Estate Price Problem and 
Assessment Situation 

Frank Miller 

OBJECTIVES: 

1. To keep a record ofland price trends in the major 
type of farming areas of the state and to make the 
information available to land owners, prospective 
bu yers, borrowers and lenders. 

2. To find out whether or not the practices being fol
lowed result in equitable assessments within coun
ties and between counties. 

3. To develop standards, manuals, and procedures that 
can be used to improve assessment practices, if 
changes are needed. 

The work has contributed to attaining each of 
these objectives. During the year, 1,964 land transfer 
records were received. Most of them have been tabu
lated and the assessment-sales ratios calculated. De
spite the equalization efforts of the State Tax Com
mission, the wide variations within and between coun
ties still persist. 

The preliminary report issued by the subcom
mittee on Tax Assessment of the North Central Land 
Tenure Research Committee called attention to wide
spread interest in improving property tax systems 
throughout the midwest and outlined some of the 
procedures being used to overcome inequities in as
sessments. (Project 61) 

Cotton Marketing in Missouri 

J. W. McKinsey and O. R. Johnson 

OBJECTIVES: 

A. Discover the factors affecting the level of price 
and the price differentials due to quality differences in 
local markets and evaluate these factors to the end 
of suggesting improvements in cotton pricing in 
the local market. 

B. Discover what information (quality, market news, 
etc.) is available to the grower and to first buyers 
and what additional information is needed for 
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their use in establishing prices 

REPORT OF PROGRESS: 

Data Collection: Price and quality data described 
in the project plan were collected from a Market 
near Kennett as follows: 

For the 1951-52 season, 1731 lots 
For the 1952-53 season, 1960 lots 
For the 1953-54 season, 4289 lots 

Additional data were collected from additional 
markets as follows: 

The Dorena Market, 1952-53 season, 942 lots 
1953-54 season, 2712 lots 

The Portageville Market, 1952-53 season, 1342 lots 
1953-54 season, 1708 lots 

The Denton Market, 1951-52 season, 700 lots 
Analysis: Data were transferred to IBM cards, 
ready for evaluation and to be furnished to the 
Regional Committee for analysis. (Project 65) 

Grade-Price Quotations for Eggs and Poultry 

John D. Miiier and J. N. Smith 

OBJECTIVE: 

To appraise the use and adequacy of price-grade 
quotations as they reflect the actual prices paid 
producers, prices paid in central markets, and 
prices paid at retail levels. The general planning 
for gathering field data has been completed and a 
questionnaire has been designed. The time sched
ule for gathering data has been definitely set so 
that data will be collected at the same time in the 
three cooperating states. Field work is to com
pleted by January 1, 1956. The state has been 
divided into areas in which cooperating marketing 
agents will be contacted. These areas are: Buffalo, 

Chillicothe, Shelbina and Perryville. (Project 67) 

Consumer Acceptance and Preference 
for Meat and Meat Products 

O. R. Johnson, D. E. Brady, B. H. Frame, E. R. Kiehi, 
E. S. Hensley, et ai. 

The data on which most of this year's work has 
been based were obtained from a set of 1467 interviews 
conducted in 15 grocery stores in Metropolitan St. 
Louis, February 6, 1954. These stores were the primary 
sample units in a multi-stage sampling of adult con· 
sumers. Visual preferences were obtained by the use 
of fresh pre-packaged displays of the 4 grades of loin 
steaks or of chuck roasts of standardized size and trim 
and of the three areal sizes of Choice grade loin steaks. 
The expressions of preferences for particular physical 
attributes such as color of fat or marbling were fadli -

tated by reference to the displays. 
The percentage distribution of first preferences 

tor federal grades of loin steaks was: Prime 31.7, 
Choice 24.3, Good 21.9, Commercial 15.4, and no pref
erence (at equal prices) 6.7. The distribution of pref
erences for chuck roasts was somewhat similar. Evi
dence from various parts of the experiments indicated 
that many respondents had rather weak preferences 
which would be easily influenced by price changes. 
The extent of preferences for the lower grades at equal 
prices was contrary to the expectations of expert 
opinion. No strong relationship of preferences to cer
tain socio-economic consumer characteristics was 
found. 

Several physical attributes of beef affect grade 
preferences. The order of importance of these attrib
utes among the experimental steaks was: amount of 
external fat, color of lean, marbling, texture, color of 
fat , and amount of bone. The order is about the same 
for roasts. 

Reasons given for preferring a particular areal size 
of steaks indicated that consumers were considering 
more their visual appearance as to quality and relative 
amount of fat than they were their appropriateness 
for providing the respondent or his family with a 
pleasing serving at an acceptable cost. 

Most consumers want tender beef with only a 
moderate amount of fat. They may be willing to sac
rifice some of the flavor and juiciness commonly as
sumed to be associated with heavy well-finished cattle 
in order to obtain lean, tender cuts. Effective tenderiza
tion of beef either at the production or processing 
level is greatly needed. A large minority of respond
ents tried to tenderize steaks and roasts. 

Preference modes of consumers were found for 
"juicy" steaks cooked well-done. A majority of re
spondents customarily fried steaks and cooked roasts 
with dry heat. Considerable other data about consumer 
desires and habits and their association with socio
economic characteristics were found. 

Most consumers know almost nothing about pres
ent Federal grades. A majority of respondents were un
able to associate visual and eating characteristics of 
steaks or roasts. 

On the basis of this analysis, detailed plans for 
studying eating preferences were made. The first step 
in this plan is a cross-classification of carcasses by grade 
and weights and eating tests by a trained panel to 
measure the differences among classes. The panel work 
began in February 1955. 

The development of discrimination distances 
among weights and grades should be of material as
sistance in determining what classes may most effec-
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tively be used in preference testing among consumers. 
This panel testing is also expected to indicate to some 
degree the effectiveness of the grading systein in classi
fying a heterogeneous beef supply into more homo
geneous classes. (Project 86) 

Grain Marketing and Storage 

J. W. McKinsey, Norman Tempel and O. R. Johnson 

The data had been collected before the beginning 
of the current year. Work of the current year consists 
of analysis only, which is as of now inadequate for a 
complete report. (Project 104) 

Costs and Returns in Producing Corn 

C. W. Loomis, Stanley Spangler and O. R. Johnson 

Corn production costs, cultural methods, and 
level of fertilization records are being obtained on 90 
farms located on Putnam and Mexico soils. Data 
which will provide information in the general field of 
the economics of corn production have been obtained 
for the 1953 crop year, and are being obtained for the 
1954 year. 

One-third of the records are being taken on farms 
where a high level of fertilization is used, another 
third are on farms with moderate fertilization levels , 
and another third on farms of low fertilization. 

Dunng the 1953 crop year, low rainfall resulted 
in moderate to severe reduction in corn yields over 
most of the area of the study. In 1954 very severe yield 
reduction resulted from high temperatures during the 
pollination period and lack of rainfall. Under these 
conditions, there is very little evidence to indicate that 
moderately high or high fertilization levels were prof
itable on the farm included in the study. 

This research in corn production will provide 
information which will assist farmers in deciding the 
optimum input of corn fertilization under changing 
cost-price situations. 

Corn production and fertilization records will be 
completed for the 1954 year and at the close of the 
1955 season complete yield records will be obtained 
on all of the fields which have been used in the study. 
(Project 110) 

Community Improvement in Use of Economic 
Resources in Missouri 

Frank Miller and Richard S. Maness 

The OBJECTIVES of the study were: 
1. To delineate areas or communities where soils, 

climate, marketing facilities and 'the desires, train
ing, and aptitudes of the people favor specific lines 

of agricultural production. 
2. To set up producer associations in those areas for 

the: purpose of developing patterns of production 
that would provide relatively large quantities of 
uniform products. 

3. To get farmers and businessmen to work together 
in setting up production patterns and in marketing 
the resulting products. 

The pilot study in southwestern 1-:1issouri did not 
accomplish all of these objectives , but it did reveal 
some procedures that can be applied in developing 
the agricultural resources of that area. 

The project will be closed as soon as the manu
script has been submitted for publication. (Project 111) 

Farm Business Analysis 

C. W. Loomis, Stanley Spangler and O. R. Johnson 

An analysis of yields, income, labor efficiency, 
returns to livestock, and other farm business factors 
is being made on thirty feeder cattle farms located in 
an area of the state of heavy cattle feeding. This re
search will include financial data for the 1954 calendar 
year. 

During the summer of 1954 initial visits were 
made to each of the farms in the study. Beginning of 
the year inventories were set up and provision was 
made for recording receipts ,and expenditures and feed 
fed throughout the year. 

Plans were formulated for a second visit to each 
of the farms to complete the financial information fol
lowing the close of the calendar year. 

Investigations in progress will provide informa
tion pertaining to necessary size and organization of 
farm businesses in Missouri to provide adequate in
comes under present Missouri conditions. It will be 
used in agricultural teaching with students and farmers 
both in the fields of farm management and in agricul
tural policy. 

Records will be completed for the 1954 year on 
the feeder cattle farms and if facilities permit initial 
steps will be taken to secure analysis information in 
another type of farming area in Missouri. (Project 112) 

Refrigeration Techniques on Egg Quality 

John D. Miller and O. R. Johnson 

During the last week of July and the first week 
of August, 1954 the interior quality of 500 dozen eggs 
in St. Louis retail stores was determined. July had been 
extremely hot, hence it would be harder to have good 
quality eggs and to maintain this quality at this time 
of year. 

Twenty-one stores were included in the study. 

-16-



Two dozen grade A or two dozen grade "Unclassified" 
eggs were purchased in each store each day Monday 
through Saturday for two weeks. All eggs were refrig
erated at the retail level. Eggs were immediately 
graded by a licensed grader. Then the eggs were 
broken out and internal quality determined by an 
albumen score. The unclassified eggs were predom
inantly grade C-so much so as to lead one to suspect 
law violation. Grade A eggs were of very poor quality. 
The store having eggs of highest quality during the 
two weeks averaged 52 percent grade A -other stores 
as low as 42 percent. The licensed grader averaged 
47 percent accuracy when his candle grading was com
pared to the broke-out grade. 

Collection of final refrigeration data was begun 
during Jan uary and was com pleted in A pri!. Prepara
tion of a manuscri pt has begun. (Project 113) 

Prices of Livestock and Related 
Changes in Quantity 

O. R.Johnson, E. R. Kiehl,John Miller, B. H. Frame. 
J. C. Grady and Frank Miller 

We are continuing to accumulate information on 
basic data necessary to measure the influence of price 
policies and programs on beef and hogs specifically. 
This price information will be equally applicable to 

poultry and dairy products, both of which are impor
tant in this state and both of which have been in
fluenced by price programs. 

Some of the following prices are being assembled : 
Beef cattle by grades on the Chicago market from 1922 
to date by months, with notations covering the pro
portion sold by grade; prices for cattle, calves, hogs, 
sheep, and lambs classified as slaughter or feeder stock 
from 1924 to date by weeks and months for Kansas 
City, St. Joseph, and East St. Louis markets. Prices of 
those classes oflivestock by species from 1867 to date 
by years until 1910 and by months thereafter are being 
assembled. These prices are prices on farms. Prices of 
wool and hides are also being collected. 

On the supply side we are assembling receipts at 
twelve public markets for cattle, calves, hogs and 
sheep, by weeks and months from 1940 to date; also, 
average numbers by species on farms, 1867 to date, 
total and per capita; numbers of cattle, calves, and 
sheep on feed January 1, 1930 to date; number of sows 
farrowed and pigs saved, U. S. and Missouri, 1924 to 
date; total federal meat inspection, 1921 to date by 
months, including beef, veal, pork, lamb and mutton, 
and lard. 

We have also begun assembling information on 
laws and administrative rulings dealing directly with 
or having impact on administered price. This is being 

done for meat animals, dairy products, poultry prod
ucts, wheat, corn, soybeans, and some other minor 
crops. Some of the above material seems to be a dupli
cation of regional sub-project activities; nevertheless, 
it is regarded as necessary for use in examining the 
special significance of price policy on these enterprises 
within the state. 

Background information has been assembled to 
permit later calculation of the impact of prices and 
production policies on small unit firms and the fea
sibility of using commodity prices or production 
policies as a means of redistributing income. 

During the past few years emphasis has been 
placed on price support programs as a means of im
proving the income status of low income farm fam
ilies. The assembling of information here referred to 
is for the purpose of enabling an evaluation of these 
policies in achieving this declared objective. (Project 
115) 

Marketing of Meat and Meat Products 

E. R. Kiehl, D. 1. Padburg,J. C. Grady, 
and O. R. Johnson 

Data were obtained from a sample of 29 stores 
located in the state within concentric rings about 
Kansas City at 25 mile intervals. A weekly schedule 
of information was obtained from each store which 
included data on source and quantity of supplies of 
beef. Also invoice prices were obtained and retail 
prices for Tuesday and Friday of each week. This in
formation was obtained for the period April through 
September. 1954. 

In addition, similar information on both pork and 
beef was obtained from a special sample of 11 stores 
for an eight week period during October and Novem
ber as part of the North Central regional sample. 
These data have been submitted to the regional com
mittee. 

Analysis of data from the large sample is now 
underway to determine price lags and price flexibility 
between retail, wholesale meat and live animal prices. 

This study was an inquiry into the nature of 
methods and practices of meat retailing and of factors 
which might be associated with costs and efficiency in 
retail meat distribution. The data were based on the 
operation of 153 stores in the state. The weekly vol
ume of meat sales varied widely; 37 percent of the 
stores handled less than 2,000 pounds weekly, while 
18 percent of the stores handled 8,000 pounds or more 
weekly. This latter group handled 50 percent of the 
total volume of all stores in the sample. The type of 
ownership of stores was not associated with size of 
city. Larger volume stores tended to extend less credit, 
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owned more power equipment, and handled more 
meat items self-service. The over-all gross sales margin 
attempted by stores was inversely related to volume. 
Labor cost per pound of meat handled also varied in
versely with volume. The labor cost per pound ranged 
from 13.8 cents for stores with volumes less than 2,000 
pounds to 4.2 cents per pound in the volume group 
of 10,000-12,000 pounds weekly volume. 

The results of study are tentative but they suggest 
that opportunities exist for increasing efficiency of 
meat retailing. The study suggests that labor cost per 
pound handled may be reduced by two-thirds by in
creasing volume of store unit. However, further re
search is needed to determine other variables affecting 
costs associated with volumes. Some may be offsetting 
in ~ffect. (Projects 150A and B) 

Demand-Supply Relationship of the Dairy 
Industry in Missouri 

S. F. Whitted,]. N. Smith and o. R. Johnson 

The number of farms in Northwest Missouri 
declined by 20 percent from 1920-1950. During the 
same period, size of farms increased 24 percent. Even 
though cash grains and fattening animals have a com
parative advantage in the area, the number of milk 
cows increased 12 percent during the years 1920-1950. 

Over half of the dairy plants in the area maintain 
at least one fieldman to promote a quality production 
program. Only four plants had country collection 
routes in 1940 as compared to 20 in 1952. This all adds 
up to an expanded market for farm milk production 
in the Northwest area. The shift from sales of farm 
separated cream to whole milk has not been as rapid 
in Northwest Missouri as in the Southwest part of the 
state. 

Substitution of vegetable fats for the milk fat in 
dairy products reduces the demand for butterfat. Any
thing which increases the spread between the prices 
of vegetable fat and butterfat will tend to encourage 
the growth of this practice. A technique which makes 
it possible to combine a vegetable fat with non-fat 
milk solids previously wasted can increase the output 
of dairy-type foods without an increase in milk pro
duction. 1 his type food is being accepted by con
sumers. (Project 167) 

* * * 

Economics of Grain Storage 

]. W. McKinsey, B. H. Frame, O. R. Johnson 
and N. F. Tempel 

Schedule NCM-10-B-1 was used to collect data 
bearing on the above objectives from 68 terminal and 
sub-terminal grain firms. The information collected 
included storage capacity, processing capacity, func
tions performed, investment, length of storage, vol
ume handled, transportation used, and geographic pat
terns of shipments and receipts. These data are coded 
ready for transfer to IBM cards for use in the regional 
analysis and for analysis at this station. 

Information collected last year relative to grain 
warehouse regUlation was combined with similar in
formation from other cooperating states, and some 
recommendations were made. Some releases were 
made to interested persons in the trade. Legislation to 
reorganize certain aspects of this program in Missouri 
has been introduced to the Legislature. (Project 179) 

Impact of the Expansion of Milk Distribution 
Areas upon Patterns of Distribution 

S. F. Whitted, Q. D. Banks, B. H. Frame, 
O. R. Johnson and]. N. Smith 

A schedule to be taken of selected store managers 
in Southeast Missouri has been completed. These 
schedules will be taken in March and work in Western 
Kentucky and Southern Illinois will be carried on 
simultaneously. These schedules are designed to dis
cover the different types of competition which develop 
when milk from outside sources comes into a local 
community and the effect of these practices upon the 
local market. 

Another schedule to be taken from milk handlers 
who are selling milk through vending machines is 
ready to be pre-tested. This schedule is designed to 
investigate the costs of marketing milk through vend
ing machines, types of locations which give the best 
results, and the effect of these machines on milk con
sUl1}-ption. These schedules will be taken early in the 
spnng. 

Work is underway on the tabulation of secondary 
data and background information. (Project 199) 

* * 
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Agricultural Engineering 
M. M. Jones. Chairman 

Irrigation and Tillage in Corn Production 

R. P. Beasley, M. M. Jones,). S. McKibben 
and L. D. Meyer 

OBJECTIVES : 

A. To determine the optimum irrigation procedure 
to be used in the production of corn. 

B. To determine the type of seedbed preparation that 
will give the greatest return for corn under irriga
tion. 
Plans have been completed for a plot study of 

seedbed preparation in corn production. Corn will be 
planted on those plots in the spring of 1955. . 

A plot of corn was irrigated by sprinklers thIS past 
season. The corn had been planted early and was just 
starting to show tassels on)uly 8, and was t~sseling 
and shooting during the penod of extremely hIgh tem
peratures from July 11 to 20. 

This plot was irrigated on July ~,July 16, ~n? 
July 26. Four inches of water were apphed at each IrrI
gation. The following yields were secured: 

Irrigated 
No Irrigation 

Bu. per Acre 
Shelled Corn 

93 
22 

Shelling 
Percentage 

84 
75 

The quality of the irrigated corn was much better 
as is indicated by the shelling percentage. Also .th.e 
pollination seems to have been very. good on the ~rn
gated corn even though it was tassehng and shootmg 
during the period when temperatures were over 100 
degrees, reaching a maximum of 113 degrees. 

Two plots of the Lincoln variety soybeans were 
irrigated. One plot received full soil treatment, 250 
lbs. 0-20-20 fertilizer plowed under and 150 lbs. 0-20-
20 as a starter. On the other plot only the 150 lbs. of 
0-20-20 starter was applied. 

These plots were irrigated on July 9,July 17 and 
July 28. Three and one-half inches of water were ap
plied at each irrigation. 

Yield Bushels per Acre 

Irriga~_' d 

Full Soil Treatment Starter Only 
34 23 

No Irrigation 19 10 

(Project 2) 

Machines and Methods for Intensive Rotations 

). S. McKibben, R. P. Beasley, D. B. Brooker, 
M. M. Jones, and C. L. Day 

OBJECTIVES: 

A. To explore the possibility of using a one-year rota
tion of two major crops, such as wheat and corn. 

B. To establish a farming plan on the Midway farm, 
using intensive rotations, for experimental ~ork 
with tillage, seeding, harvesting, and crop-drymg
and-storage methods. 

OBJECTIVE A 

A crop each of wheat and corn was successfully 
grown on a small acreage during the 1954 season. The 
wheat yielded 56 Bul A, and the corn 76.25 Bul A on 
plots which were irrigated and the 39.5 Bul A on plots 
which were not irrigated. After the corn was harvested 
on October 16, the ground was seeded back to wheat 
on October 19. The wheat in mid-winter of 1954-55 
was in excellent condition. 

Immediately after combining the wheat in late 
June, the straw was shredded with a power-driven 
rotary shredder and the ground cultivated wit? a fie!d 
cultivator. Immediately after the corn was pIcked m 
early October, the stalks were shredded and the 
ground disked once with a tandem disk harrow. These 
methods of seedbed preparation were comparatively 
low in cost, quickly accomplished, and gave goo~ re
sults. The incorporation of the straw and stalks mto 
the soil appears to be good: With li?eral applications 
of nitrogen, the crop reSIdues qUlckly decompose. 
Also, since the ground is covered with growing crops 
a much larger percentage of time, the hazards from 
soil erosion are much reduced. 

The success of such intensive one-year rotations 
will depend upon early harvesting of the crops, and 
facilities for grain drying. Both the wheat and c?rn 
produced this year were dried in storage by blOWIng 
with unheated air. The moisture of the wheat at har
vest time was about 18 percent, and the moisture of 
the corn 38 to 40 percent. 

OBJECTIVE B 

A cropping plan with intensive rotations, and 
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with various sequences of different crops, has been 
worked out for the Midway Agricultural Engineering 
Farm. This plan is being put into operation. (Project 
42) 

Soil and Water Conservation Management 

R. P. Beasley, M. M.Jones, L. D. Meyer, 
and D. D. Smith 

TERRACE DESIGN: 
1. Point Row Elimination. A method has been devel
oped in which the surveying and construction pro
cedures for building terraces with variations in depth 
of cut along the terrace channel have been greatly 
simplified. This method will make it possible to 
straighten out curves in terraces and in many cases to 
make terraces or sections of terraces parallel. This will 
make it easier to carryon farming operations with ter
races and reduce the number of point rows between 
terraces. 

Seven terraces have been constructed by this 
method on two different areas and the layout com
pleted for six terraces on another area of the Midway 
Agricultural Engineering Farm. 
2. Terrace Spacing and Grade. This study is being con
ducted at the Midway Farm. Four terraces have been 
constructed with a grade of 0.4 foot per 100 feet and 
with a spacing as recommended at present, and with 
100%, 50% and 25% increases above present recom
mendations. Three terraces have been constructed 
with a grade of 4 inches per 100 feet and with a spac
ing as recommended at present, and with 50% and 25% 
increases above present recommendations. Soil move
ment lines have been established across the terraces 
and elevations established. 
3. Channel Capacity required for Major Storms. Flumes 
have been installed so that runoff may be measured 
from four terraces at McCredie. Staff gauges are also 
installed on these terraces. 

Staff gauges have been installed on the terraces 
at Midway so that peak runoff rates can be determined. 
A recording rain gauge has also been installed in the 
area. There were no major runoff producing storms 
during the past year. 
EFFECT OF TERRACES ON CROP YIELD. In this study 
yields are secured from areas planted on the contour 
with and without terraces. Following is a tabulation 
of yields secured at the McCredie Farm and at the 
Christy Farm in Andrew County in 1954. 

Location 
McCredie 
Christy 

Crop 
Wheat 
Corn 

Yield Bu. per Acre 
With Without 

Terraces 
41.1 
32.2 

Terraces 
41.7 
33.6 

STRUCTURE DESIGN. Hydraulic tests have been con
ducted on scale models of a number of designs of the 
sliced inlet type entrance for tube overfall structures. 
The flow characteristics of this type entrance compare 
fa vorably with the morning glory and vertical riser 
type entrances. The use of this type entrance on tube 
structures offers possibilities for a lower cost structure 
and one much easier to install. (Project 43) 

Influence of Climatic Factors on Shelter 
Requirements of Cattle 

R. E. Stewart, R. G. Yeck, H. J. Thompson, 
M. L. Esmay and M. M. Jones 

OBJECTIVES: 
The hair color of small animals, described in 

terms of spectral reflectivity, is linked in some way 
with environmental temperature. The observed effects 
were that increased reflectivity to radiation correlated 
with rising temperature, thus introducing a new as
pect of homeothermy. 

By artificially blocking thyroid secretion, an effect 
usually caused by rising temperature, the change in 
hair reflectivity could be obtained at relatively low 
temperatures. This indicates a possible connection 
between thyroid secretion rate and the observed 
changes in reflectivity associated with rising tempera
ture. 

Irradiation of small animals showed that the hair 
color was linked with some of the reactions to irradia
tion, such as respiration rate, rectal temperature, heart 
rate, and subskin temperature. Increasing reflectivity 
of the hair was correlated with reduced thermal stress 
from radiation as measured by the above methods. 

Extensive experiments have been made to assess 
the position of the laboratory rabbit as a possible 
analogue for the dairy cow. These studies have been 
made at various temperatures, using metabolism of 
radioactive iodine as the principle measurement. The 
results of the work are not as yet available. Upon prep
aration and publication of a comprehensive report, 
this objective will be closed out. 

The experimental work on the effects of radia
tions on dairy cattle was completed in June, 1953. The 
research bulletin reporting the results was published 
in September, 1954. The objective is now closed out. 

The experimental work on the housing require
ments of young cattle was commenced in November, 
1954. The general nature of the study consists in com
paring the reactions of nine calves held at 80° F. in 
the Climatic Laboratory to a matched nine held at 
50°. The measurements taken include skin and hair 
temperatures at various sites, weight gain, evaporative 
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function, effect of various types of bedding on mois
ture gain, and other criteria. The end result of the 
work is to provide scientific data on which to base 
design of young stock shelters. No results are avail
able at present. ( Project 136) 

Design of Farm Buildings and Equipment 

M. L. Esmay,j. C. Wooley, and M. M. Jones 

Continued effort has been directed towards the 
preparation of publications and detailed plans for dis
semination of information on the planning and con
struction of good farm buildings. One bulletin came 
off the press during the year and the manuscript for 
the other was completed and sent to the printer. A 
few new farm building plans were introduced into the 
State Farm Building Plan Service and a number were 
revised and retraced in order that they be accurate and 
up-to-date in all respects. 

Continued cooperation was given to the Mid
West Plan Service. This regional service is continually 
adding to their already quite complete series of plans. 
Through our cooperation with them in the original 
planning and developing of plans, more and more of 
the plans being made by this service are quite suitable 
to the conditions and requirements of Missouri. 
(Project 71) 

Environment Requirements for Farm 
Animal Shelters 

M. L. Esmay, R. E. Stewart, R. G. Yeck and J. C. Wooley 

OBJECTIVES: 

A. Moisture Production of Dairy Stables. 
B. Determination of Operational Limts for Use of 

Open Housing for Young Calves. 
C. Insensible \Veight Loss Measurements. 
D. D.esign and Development of a Partitional Calori

meter for Cattle. 
E. Effect of Cyclic Changes in Temperature and 

Radiation on Skin and Hair Temperatures of Cat
tle. 

PROGRESS REPORT: 

A. A preliminary study was made on the absorption 
and vaporization characteristics of the convention
al types of litter used in dairy barns. The tests were 
run under controlled conditions in the climatic 
laboratory with the use of the one-cow vaporiza
tion chamber. This was the same chamber used 

. to measure the vapor production of different cows 
under different environmental conditions. 
For these tests on the variation between different 
bedding materials, a cow was placed in the cham-

ber on a dry unbedded floor for one 24-hour test 
period in order to establish a control measure
ment. For subsequent tests with various types of 
litter under different stages of use the same cow 
was used under similar conditions to limit the 
variables to the type of litter. 
Once having a laboratory estimate of the vaporiza
tion rates of different bedding materials under 
various conditions a closer estimate can be made 
for field conditions. The preliminary test data 
taken during the past year have not yet been com
pletely analyzed. 

B. The work being prosecuted under Objective B is 
being done in two ways , in the Climatic Labora
tory and field work. The present experiments in
volve study of effect of high temperature on the 
housing requirements of young beef stock. Under
way at present is an 18-month study of reactions 
of nine calves at 80° F compared to those of nine 
at 50° F. Examination of the climatic effects will 
be based on analysis of the following data : 
Growth, feed and water consumption, skin and 
hair temperatures, heat production and insensible 
weight loss. Also, special observations are being 
made to judge the effect of different kinds of bed
ding and various cleaning frequencies on mois
ture production of the chambers. The present 
experiment was commenced in November, 1954, 
and no data are at present available. Qualitative 
observations indicate a marked difference in 
growth; the most favorable gains being made at 
50° F. 
Field work is planned to observe the behavior of 
calves under farm housing conditions in summer. 
No data are as yet available. 

C. Insensible weight loss measurement. The chaino
matic-electronic scale was completed through the 
initial calibration stage. The sensing and recording 
mechanisms are separate units connected by a 
cable to better adapt scale for portability. Calibra
tion tests were made with simulated loadings. The 
tests indicate that the apparatus is accurate enough 
to detect and measure the small vaporization and 
gas losses from an animal when placed on the 
scale. 
A one-animal vaporization chamber has been de
veloped and used in the laboratory to measure 
insensible losses. Indications are that it could be 
used for field work also. In its use an animal is 
placed in the chamber and air is drawn into the 
chamber through holes near one end, and exhaust
ed through the overhead duct system. Wet and 
dry bulb temperatures of entering and exhaust 
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air are measured, as well as the quantities of air 
passing through the chamber. 

D. Considerable progress has been made on Objective 
D toward construction of the special facilities 
needed. The work is proceeding along two ap
proaches: 
a. Construction of a pilot-model partitioning 

calorimeter. 
b. Construction of a one-cow radiant cooling test 

chamber. 
These two aspects will be discussed separately. 
(Project 13 6) 

Forage Harvesting and Storage 

]. S. McKibben, M. L. Esmay and D. B. Brooker 

Field observations were made of two makes of a 
new type of forage harvester that cuts the forage with 
swinging knives or chains that revolve in a vertical 
plane. The cutting knives or chains are fastened to a 
revolving drum whose axis is at right angles to the 
direction of travel. These cutting members are free to 
swing at the point of fastening. The cutting motion 
is forward at the bottom of the swing, so that the 
material is brought forward and up over the drum, 
where it is either emptied into an auger to be delivered 
to a blower, or is simply slung into a chute that guides 
the material into the wagon behind. 

These machines were observed in the field cutting 
several types of forages. In addition several farmers 
who were using the machines were interviewed. Ma
chines were observed cutting grass and weeds 10 to 16 
inches high, red clover and alfalfa 18 to 24 inches high, 
sudan grass waist high, and weeds up to shoulder 
height. In addition machines were observed shredding 
oat stubble 16 to 20 inches high. Farmers were inter
viewed who had used this type of machine to shred 
corn stalks and pulverize buck brush. 
The following observations can be made regarding 
these machines: 
1. Horsepower requirements are such that a tractor of 

less than 27 horsepower at the power take off shaft 
are not recommended. 

2. The machines appear to be built with sufficient 
strength to be acceptable for general farmer use. 

3. The machines are best suited for the harvesting of 
grasses and legumes for silage, although some 
farmers report satisfactory results with row crops. 

4. The length of cut when using chains is 4 to 5 
inches or less and when using knives, 3 inches and 
less. 

5. The shattered plant stem that is left after a crop is 
cut by these machines does not appear to effect 
growth of a second crop of legumes. 

6. The price of these machines is under $1000, varying 
from $750 to $900 depending on the make and the 
type of cutting and loading devices provided. 

Recent trends toward grassland farming and 
utilization of forages as silage have brought about a 
critical need for efficient, low cost silage storage struc
tures. The permanent horizontal silo has many pos
sibil~ties in fulfilling these needs. The proper location 
of permanent horizontal silos for maximum conven
ience and labor efficiency is extremely important. 
Above ground construction must be used on many 
farms in order to properly locate the silo adjacent to 
feed lots where self-feeding can be practiced or me
chanical equipment used. 

Many types of above ground horizontal silos have 
already been constructed, but generally without bene
fit of design information. Under such circumstances 
it is quite difficult to build a silo that is not over
built to the point that it is uneconomical or under
built to the point where it will fail or give unsatis
factory service. The monolithic concrete silo is the 
kind with which the farmer is now well satisfied in 
spite of some fairly expensive form work for the silo 
during construction. The concrete block walled silo 
is a type of construction that eliminates the formwork 
as required for monolithic concrete. The silo does, 
however, have quite extensive footings and the con
crete block pilasters are quite massive. This type of 
construction also does not lend itself to sloping walls 
which is felt desirable for minimum spoilage. Wood 
plank side walls supported with posts or poles have 
been used in many cases for above ground construc
tion. Not only must silos of this type be properly de
signed but they must be constructed carefully with 
rigid and non-flexible walls. (Project 138) 

Spray Control of Weeds and Brush 

R. E. Larson,]. D. Crumpacker and M. M. Jones 

The use of rolling and smoothing equipment as 
an aid for pre-emergence applications of herbicides 
was tested for the third year. The studies were con
ducted in conjunction with herbicide pre-emergence 
studies. The herbicides included in this study were 
CIPC (6,8 and 10#) DNBP (6, 7lh, 9#) PCP (10, 
15,20#) plus combinations of CIPC and DNBP at 
approximately one-half the other rates. Rolling versus 
unrolling treatments were included as sub-plots. The 
roller used for these studies was basically the same 
(18/1 x 12/1w) as used in previous years. The modifi
cations included shortening of the hitching arrange
ment and adding skids on the sides to prevent the 
roller tipping. The smoothing drag used for these 
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studies was the one judged the best of the three 
studied in 1953. These tests were repeated at three 
locations-Columbia, Elsberry, and Jefferson City. 
The weather during the growing season was very 
detrimental to crop production. On the basis of yield 
results the unrolled plots were slightly better than the 
rolled at the Elsberry location and slightly poorer at 
the Columbia location. In no case were the differences 
significan t. There were no significan t differences in 
height or stand of soybeans due to the rolling. There 
was a slight increase in weed stand on the rolled plots 
at all locations. It was noted that at one location 
(Columbia) the soybeans in the rolled plots emerged 
about one day earlier than those in the unrolled plots. 

A study was set up to provide comparisons of 
cost and effectiveness of brush control methods and 
equipment. Of possible interest to all agencies con
cerned with brush control, this study was primarily 
designed to provide the answer to the farm operator's 
problem in choosing a method and appropriate equip
ment for comparatively small scale brush control for 
improving pastures and range. An equally important 
purpose of the study was to provide a basis for deter
mining the advantages and needed improvements in 
the equipment which was used. Four treatments: Basal 
Knapsack, Basal Handgun, Notch Oilcan and Cleared 
and Stump were applied in February. Two treatments, 
Foliage Handgun and Foliage Boomless Nozzle, were 
applied in June. All treatments were planned forap
plication by a one-man crew. 

The results indicate that the cost of the foliage 
boomless nozzle treatment was $11.76 per acre while 
that of the cleared and stump treatment was $43.08 
per acre. The balance of the treatments were located 
within this range. The foliage boomless nozzle gave 
the lowest defoliation results (56%) of the six treat
ments. The basal treatments gave the highest defolia
tion, 97% with the knapsack and 95% with the hand
gun. In the process of making the treatments, it was 
noted that it was difficult to obtain uniform coverage 
with the Foliage Handgun and Boomless Nozzle treat
ments. The notch oilcan treatment was disagreeable to 
apply especially with winter time ground conditions. 
In the cleared and stump treated plots approximately 
5% of the stumps were not sprayed as they could not 
be found due to excess of leaf cover on the ground. 
Basal treatment with the handgun was found to be 
much easier than with the knapsack. . 

Results thus far indicate the basal knapsack ap
lication to be the best treatment. Observations made 
during the study indicate that there is a need for con
tinued research toward the improvements of methods 
and techniques including such items as handgun, 
orifice, sizes optimum pressures, etc. (Project 153) 

Farm Water Supplies 

M. L. Esmay, B. E. Guyer and M. M. Jones 

OBJECTIVES: 

A. To study further experimentally in the laboratory 
and the field the variables related to the construc
tion and operation of a slow sand filter designed 
for the filtration of farm ponds waters for use in 
the home. 

B. To establish optimum slow sand filter specifica
tions for depth of filter sand, gradation of sand, 
cross sectional area and flow rate, initial steriliza
tion, cleaning procedures and disinfection. 

C. To prepare a station research bulletin to report 
progress on this project to date. 
All of the tests made with experimental filters 

substantiated essentially the previous findings of mu
niClpalities insofar as clarifying waters with slow sand 
filters was concerned. Satisfactory turbidity reduction 
was not obtained if a flow rate greater than three mil
lion gallons per acre per day (69 gallons per square foot 
per day) was maintained, if a filter sand coarser than 
the accepted specification of an effective size of 0.35 
mm and a uniformity co-efficient of three was used, 
and if a highly turbid water or water having a high 
content of algae was run through the filter. The verti
cal experimental filters proved to be as effective as the 
horizontal filters in reducing turbidities and more 
effective from the standpoint of controlling sanitation. 
None of the experimental filters, however, produced 
consistently a water free of harmful bacteria that 
would meet the requirements of the United States 
Public Health Service. (Project 155) 

Farm Tractor Fuels 

D. B. Brooker and C. L. Day 

A battery of storage tanks consisting of three 55-
gallon drums and three 5-gallon cans were set up as 
follows: (1) one drum and one can were painted white 
and equipped with sun shades and pressure vents. (2) 
One drum and one can were painted red and equipped 
with sun shades and regular hinged, vented filter caps. 
(3) One drum and one can were painted red and were 
left unshaded and equipped with hinged, vented filter 
caps. 

Preliminary tests were conducted during the sum
mer of 1954 and continued intO the winter. The winter 
tests have not been completed. 

In order to more closely simulate farm storage 
conditions, the summer tests were run on a three week 
cycle. The first week the containers were full. At the 
end of the first week gasoline was withdrawn leaving 
the containers % full and the tests continued for the 
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second week. At the end of the second week additional 
gasoline was withdrawn leaving the containers ~ full. 
At the end of the third week the containers were fur
ther emptied to 14 level and then refilled with fresh 
gasoline to start the next cycle. 

Thermocouples were installed in each container 
and on several occasions a continuous record of tem
peratures was obtained on a recording potentrometer 
over a period of several days. Each week samples were 
withdrawn and forwarded by the MFA Oil Company 
to the Ethyl Corporation in Kansas City for analysis. 
Also the containers were weighed before and after each 
week's run to determme evaporation losses. 

This preliminary test shows that the gasoline in 
the shaded red tank did not heat up as fast during the 
day nor reach as high a temperature as the unshaded 
fuel tank. On a typical summer day the un shaded tank 
reached a temperature of 98 dgrees and above 95 de
grees for 5 ~ hours. On this same day the shaded tank 
was about 7 degrees cooler during the hot part of the 
day. The white tank with shade and pressure vent was 
from 2 to 3 degrees cooler than the vented and shaded 
red tank. 

This preliminary test shows the effect of this dif
ference in temperature is about as follows: 
1. A farmer storing gasoline in 55 gallon drums that 

are unshaded can expect to lose about 18 ~ gallons 
of gasoline a summer out of each drum. In addition, 
he might have some trouble starting his tractor due 
to a loss in the vapor pressure. 

2. A farmer who used this same type of storage but 
provides a good shade for the tank can expect to 
lose about 8 ~ gallons out of each drum. 

3. The test shows that if shade and a pressure cap are 
both used, the losses will be reduced to 4 gallons 
from each drum during the summer. (Note: Some 
of this saving during tests may be credited to the 
white color of the drum since the gasoline did re
main 2 or 3 degrees cooler). 

The octane rating of the gasoline did not change 
in any of the drums during the tests, nor was gum con
tent changed enough to be measured. (Project 224) 

Grain Drying 

D. R. Brooker 

The 16' x 28' Quonset grain storage building 
equipped with a central ventilating duct and a 3-horse
power fan unit that was erected on the Agricultural 
Engineering farm, University of Missouri in 1953 was 
used to make a further study of air flow through a 
grain mass. The bin was filled with about 2300 bushels 
of wheat. The study indicated that modifications made 
in the building in 1954 increased the drying efficiency 

of the unit. Air distribution patterns show that when 
the fan is operated as an exhaust fan, practically the 
entire bin received 1.5 cubic feet of air per minute per 
bushel or more, while the average for the entire bin 
was 2.24 cfm per bushel. When the fan is used as a 
pressure fan the average was 2.07 cfm per bushel and 
a small percentage of the bin received 1.5 cfm per 
bushel or less. 

Insect infestation was no problem in the wheat 
used in these tests. Some indications of Indian Meal 
Moth were seen. These signs indicate that when vent
ilation systems are used, the surface area of the bin is 
increased by whatever area is exposed to the duct 
openings. The arch roofed building has openings that 
run horizontally between the sheets of the inner liner. 
The web of the moth was found along these openings 
as well as along the duct openings. The moth was not 
present in sufficient numbers to do any damage, al
though the wheat was not fumigated. (Project 225) 

Benefits of Supplemental Irrigation 
on Improved Pastures 

R. P. Beasley 

OBJECTIVE: 

To determine the effect of irrigation and irriga
tion plus heavy fertilization on different pasture 
grasses. 

REPORT OF PROGRESS: 

The irrigation equipment consisting of aluminum 
pipe and fittings and rotary type sprinklers has been 
purchased. 

The plots were seeded in the spring of 1954, but 
a satisfactory stand was not obtained, so they were 
reseeded in the fall of 1954. 

The experimental area consists of nine half-acre 
plots. The seedlings to be compared are (a) orchard 
grass-Iadino clover, (b) orchard grass-Iespedeza and 
(c) orchard grass alone. 

The treatments to be compared are irrigation with 
normal fertility level, irrigation with high fertility 
level and no irrigation and a normal fertility level. 
Results are to be measured by gains of sheep on the 
pasture. (Project 226) 

Storage and Use of Surface Runoff for Irrigation 

D. D. Smith, R. P. Beasley, and M. M. Jones 

OBJECTIVES: 

A. Determine amount of runoff to be expected for 
different drouth frequencies for the three general 
soil permeability areas of Missouri. 

B. Determine the losses by evaporation and by seep-
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age from farm reservoirs and develop methods for 
reduction of the losses. 
Farm reservoirs to furnish a reliable water supply 

for extreme drouth cycles should hold a two years' sup
ply as runoff between two consecutive drouth years 
may be practically zero even on Claypan soils. 

There is indication that evaporation from a farm 
reservoir is about 75 percent of the loss from a stand
ard Weather Bureau pan. 

* * * 

Seepage from a clay blanketed reservoir has 
averaged about 0.75 inches per month. It may be con
siderably higher for a less carefully constructed re
servolt. 

Reservoir storage volume must be from 50 to 100 
percent greater than the irrigation water requirement 
to provide for evaporation and seepage losses. (Project 
227) 

* * 

Animal Husbandry 
LA. Weaver, Chairman 

Methods of SelectIOns and Building 
for Swine Improvement 

J. F. Lasley, L. A. Weaver, L. F. Tribble, et al. 

OBJECTIVES: 

A. To study the effectiveness of recurrent selection 
for maximum performance of strain-crosses. This 
is a long time project, but the specific objective 
for the year was to reproduce the Duroc line and 
to select boars and sows from the Landrace and the 
Poland lines to reproduce the pure lines in 1955. 
Boars and sows used to reproduce the lines are 
those which demonstrate superior crossing ability 
in crosses with the other line. Crossing ability 
is based on the performance of test-cross progeny. 

B. To study the influence of differences in manage
ment and nutrition on the effectiveness of progeny 
tests in swine. The specific objective of the year 
was to see if fast gains (dry lot) were more effec
tive than slow gains (pasture lots) in showing 
greater differences in the performance of progeny 
from different sires and dams. 

C. To study the effects of inbreeding and crossbreed
ing on milk production in sows and growth in 
suckling pigs. The main objective for this year 
was to develop and perfect a method of measuring 
milk production in a small number of sows before 
a study is made involving a larger number of 
animals. 

D. To develop more accurate and useful measures of 
performance. The objectives for this year were 
(a) to study the relationship ofbackfat thickness 

and certain body measurements in the live hog 
with carcass merit in pigs slaughtered for carcass 
data; (b) to study the heritability of backfat thick
ness and certain body scores and measurements in 
the live hog; (c) to study the relationship of cer
tain body scores and measurements with the 
performance of pigs from different lines and 
crosses; and, (d) to study carbohydrate metabolism 
in the pig and its possible relationship to per
formance. 

PROGRESS REPORT: 

A. Effectiveness of recurrent selection for maximum per
formance of strain crosses 
This is a continuation of a study initiated about 

5 years ago in which the effectiveness of selecting for 
improved combining ability of 3 different lines of hogs 
is being studied. A Landrace, a Poland and a Duroc 
line are being used in this study. The Landrace and the 
Poland lines are tested in reciprocal crosses; i.e., 6 
boars and 20 to 30 sows from one line are crossed with 
20 to 30 sows and 6 boars from the other line. Two 
boars and 10 to 12 sows that show superior crossing 
ability are used to reproduce each line. The Duroc line 
is crossed with the crossbred Landrace x Poland sows 
and boars in a similar manner. The pure Duroc line is 
then reproduced from those individuals that show 
superior crossing ability on the basis of their test cross 
progeny. 

In the spring of 1954, the Duroc line was repro
duced from 2 tested sires and 8 sows. The sires had 
been tested and crossed the previous year with Land-
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race x Poland sows. From this crop of pigs, 16 Duroc 
gilts were selected and were bred to 3 Landrace x 
Poland boars in the fall of 1955. Shortly after the 
Duroc pigs were weaned in the spring of 1954, 12 of 
the most promising boar pigs were selected to be fed 
individually until they reached a weight of near 200 
pounds. At that weight, backfat thickness and certain 
body measurements were recorded for each of the pigs. 
An insulin glucose tolerance test was also run on each 
of the boar pigs at 200 pounds but this will be dis
cussed under section (D) in this report. 

In the 1954 spring litters, 6 Landrace boars were 
tested in crosses with 17 Poland gilts. It would have 
been more desirable to have'bred these boars to 24 
Poland gilts, but several gilts that would have been 
kept for testing purposes were culled because of the 
occurrence of umbilical hernias. The performance of 
the sows and the pigs to weaning was excellent with 
an average of 6.9 pigs per litter and an average weight 
per pig of 44.05 pounds. The average total litter 
weight of the 17 litters was 303.2 pounds. Consider
able variation was noted in the performance of litters 
from different sires, but this has not been studied in 
detail to see if the sire differences are real or due to 
chance. A portion of each litter of pigs from Landrace 
boars mated to Poland sows were fed on dry lot and 
the remainder on pasture, although the pasture was 
of little value during the hot, dry summer months. 
Feed conversion records were obtained only for pigs 
fed in dry lot, but these show considerable variation 
for pigs from different boars. 

Landrace gilts weaned an average of 7.65 pigs per 
litter with an average pig weight of 41.88 and an aver
age total litter weight of 320.5 pounds. The Landrace 
gilts were more prolific than the Poland gilts which 
was the main reason for the larger litters at weaning. 
The percentage of mortality from birth to 21 days was 
identical in the litters from sows of the two lines. Con
siderable variation was also noted in the performance ' 
of pigs from different sires, but these differences have 
not been studied in detail. 

Accurate records of the post-weaning performance 
of pigs sired by Poland boars from Landrace sows were 
kept. Average values for various body scores and meas
ures and backfat thickness in the live hogs at 200 
pounds were also recorded. These averages are from 
all pigs sired by each boar regardless of whether the 
pigs were fed on dry lot or pasture. Equal weight was 
given to the pigs fed on pasture and in dry lot in ar
riving at these averages. 

Very definite sire differences were noted in the 
various characteristics studied. It is interesting to note 
that less feed was required per unit of gain by pigs 
from Landrace than from Poland dams. Considerable 

variation was also noted in the ability of pigs from 
different Poland sires to make rapid and efficient gains. 
Pigs sired by Poland boars 92 and 305 required less 
than 300 pounds of feed per 100 pounds of gain even 
though the pigs were fed on concrete. These were the 
most efficient gains for pigs from birth to weaning 
ever recorded at this station under these conditions. 

Carcass data on pigs and fertility data on gilts 
bred and slaughtered at about 55 days after breeding 
are interesting. The progeny from the Poland boars 
were more variable in carcass quality than the progeny 
of the Landrace boars. Ovulation rate, number of 
embryos at 55 days of gestation and the percentage 
of embryonic death losses were quite variable between 
sire groups. Fertility of gilts, adjusted loin equivalent 
of pigs and growth and feed conversion records will 
be included in a selection index to select both sires 
dams to reproduce the pure Landrace and Poland lines 
in 1955. 

Thirty-eight litters of Landrace x Poland cross
bred pigs (15 litters from Poland and 23 from Landrace 
sows), 2 litters of purebred Duroc and 1 litter of pure
bred Landrace pigs were farrowed in the fall of 1954. 
The data from these pigs will be used to supplement 
that obtained from 1954 spring litters. 
B. The influences of differences in management and nutri

tion on the effectiveness of progeny tests for swine. 
Variations in the phenotype (type and perform

ance) of individuals are due to both heredity and 
environment or a combination of both. Only those 
variations which are due to the heredity (genes) of 
the individual are passed to the offspring. For this 
reason the animal breeder is more in terested in deter
mining those variations in his breeding animals that 
are due to genes than to environment. Recent data 
obtained at the Missouri Agricultural Experiment Sta
tion have shown that during the summer months 
when good rations are fed, pigs fed in dry lot make 
more rapid gains than pigs fed on pasture. It was 
thought that perhaps the faster gains were indicative 
of a better environment. A good environment might 
eliminate some of the environmental variation in the 
growth rate of the pigs from different sires. If this were 
true then variations in gains of pigs on dry lot should 
be more largely genetic variations and would improve 
the accuracy of progeny tests for growth rate. 

For the study of this particular problem, at least 
2 pigs from each litter and 8 pigs from each of 12 sires 
were fed by sire groups in dry lot. The remaining por
tion of each of the litters was fed on pasture by sire 
groups. Feed conversion records for the pasture fed 
pigs were not available because some of the lots had 
to be mixed during the extremely hot weather to allow 
pigs access to a pond where they could bathe and cool 
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themselves. Without such precautions many of the 
pigs might have succumbed to the extreme heat. 

The data have not been fully analyzed at the 
present time but preliminary calculations show that 
pigs fed in dry lot made an average daily gain of 1.64 
as compared to 1.41 for those fed on pasture. 

The correlation coefficients between certain char
acteristics measured in littermates, some of which were 
fed in dry lot and the remainder fed on pasture, were 
studied. Many of these traits were highly correlated 
indicating a certain amount of common genetic back
ground in addition to permanent dam or litter effects 
before the pigs were placed on separate tests. The data 
obtained in this study will be analyzed further during 
the coming year. 

e. The effects of inbreeding and crossbreeding on milk 
production in sows and growth in suckling pigs. 
The main objective of the year was to develop 

and perfect a method of measuring milk production in 
the sow that could be used with sows from the various 
lines and crosses. During the spring of 1954, milk pro
duction was measured in 8 inbred Duroc sows each 
week for a period of 7 weeks by weighing the pigs 
before and after suckling. It was estimated that the 
Duroc sows produced an average of 290 pounds of 
milk per sow during the 8-week lactation period. 

A scale was used for weighing the pigs to the 
nearest 0.04 pounds. Milk production was measured 
for a period of 8 hours at intervals of 2 to 3 hours. As 
the pigs became older, errors in measuring milk pro
duction became larger, ~nd, on the basis of the spring 
work, it was decided that milk production should be 
measured only to the 6th week of lactation. Milk pro
duction records were obtained on 7 Landrace and 4 
Poland sows in the fall of 1954. The average milk pro
duction of these sows for a 6-week period was 294 
pounds which is greater than the production of inbred 
Duroc sows for 8 weeks in the spring experiments. 
Detailed records of weight gains and losses and the 
amount of feed consumed by the sows and pigs were· 
obtained in the fall and these data will be summarized 
during the coming year. 

Milk production in Landrace x Poland crossbred 
gilts bred to Duroc boars and Duroc gilts bred to 
Landrace x Poland boars is being measured in the 
spring of 1955. Since the pigs are of the same breeding, 
this should give a good comparison of the milk pro
duction of inbred and crossbred sows. 
D. The development of more accurate and useful measures 

of performance. 
(a). The relationship between backfat probes and 

certain body scores and measurements in the live hog 
to carcass merit. 

Seventy-two Landrace x Poland crossbred pigs 
were slaughtered in the fall of 1954 and detailed car
cass data were obtained on these pigs. Since the pigs 
were also scored and measured just prior to slaughter 
it was possible to study the relationship of carcass cut
out values to the measurements taken. Measurements 
and scores taken in the live hogs were much more ac
curate in determining the amount of fat in the live 
hog than they were in determining the amount of 
lean. A very high correlation was found between an 
average of the 3 backfat probes and the percentage of 
fat cuts. Body length, as measured or scored in the live 
hog, was negatively correlated with the percentage of 
fat cuts. Heart girth and flank circumference were 
more highly correlated with the percentage of fat than 
with the percentage of lean cuts. A score for finish and 
trimness gave the highest correlation for the percent
age of fat cuts. 

The data collected on these 72 hogs indicate very 
definitely that the scores and measurements studied 
are of considerable value in estimating the carcass 
val ue of the live hogs. Perhaps breeding animals 
could be selected on this basis. 

(b). The heritability of back fat thickness in the 
live hog was calculated for the litters of pigs raised 
in the spring of 1954 by means of determining the 
intra sire regression of offspring on dam. B;tckfat 
thickness was found to be 42 percent heritable. The 
heritability of the other traits has not been deter
mined, but data are available for such determinations. 
These will be studied in the coming year. 

(c). The relationship between certain body scores 
and measurements in the live hog to performance in 
market and breeding animals has been studied in pigs 
farrowed in the spring of 1954. Although the study is 
not yet complete, some interesting results have been 
obtained. The slower gaining pigs tended to be the 
leanest and were scored the highest for trimness of 
middle and for conformation. This would indicate 
that selection for thinner backfat and meatiness also 
might result in selection for slower growth. On the 
other hand, data on 42 gilts bred and slaughtered 
about the 55th day of gestation showed that embry
onic death loss was less in the leaner gilts. It is pos
sible that selection for meatier hogs might result in 
improved sow performance and slower growth rate of 
the pigs. This study will continue with data from the 
fall crop of pigs of the same breeding and with other 
crosses and lines farrowed in 1955. 

(d) To study the carbohydrate metabolism in the 
pig and its possible correlation with performance. 
Rate and efficiency of gain are of primary importance 
in swine production. Much study and research has 
been devoted to increasing these performance mea-
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sures in livestock through improved nutrition, man
agement, and genetics. It is possible to predict, within 
limits, the future performance of the progeny of a 
particular mating through a knowledge of the mode 
of inheritance of the characteristic. As yet, however, 
very little work has been undertaken which attempts 
to determine the underlying physiological bases re
sponsible for the observable differences we note in all 
population characteristics. If it were possible to at
tribute various economic characteristics to a definite 
physiological basis, the mode of inheritance could be 
more accurately determined. Undoubtedly most of the 
measures of performance in swine, and other livestock, 
are the result of a multiplicity of basic physiological 
causes and interactions. Therefore, only "true" herit
ability can be estimated when each of these primary 
causes has been separated and identified with a specific 
mode of gene action. 

Studies have been initiated concerning the car
bohydrate metabolism in swine. It is known that hor
mones playa vital part in all metabolism. Further
more, it is generally agreed that hormones do not 
initiate or halt any metabolic reactions but simply 
modify the rate of existing reactions by influencing 
enzyme activity or modifying cell permeability. 

Apparently hormones concerned with metabo
lism are secreted at all times with a fine adjustment 
between rates of secretion essential for homeostasis. 
An insufficiency, overabundance, or unbalance results 
in a metabolic or endocrine upset. The smooth adjust
ment which occurs in normal metabolism is depen
dent upon the interaction of hormones with diverse 
effects. This is accomplished by a complex system of 
interlocking synergisms and antagonisms and dif
ferential effects of hormones on different organs. Any 
test in which the animal is placed under metabolic 
stress is therefore a useful method of determining the 
performance of the endocrine glands, enzyme and 
other systems influencing metabolism and illustrates 
disturbances (variation) in homeostatic response. 

The test used in this study has been the insulin
glucose tolerance test which illustrates disturbances in 
homeostatic response to insulin hypoglycemia such 
as occurs during upsets of the endocrine and (or) 
enzyme systems. 

During the summer and fall of 1954, insulin
glucose tolerance tests were run on th~rtee.n pi~s on 
which records of performance were malO tamed 10 an 
attempt to correlate levels of performance with char
acteristic response to the insulin-glucose tolerance 
test. Research to date shows no readily recognizable 
relationship between the insulin-glucose response and 
the level of performance of these ten pigs. F~rt?er 
work will be conducted before a complete statlstlcal 

analysis is undertaken of the data. 
The test was also run on one gilt of comparable 

age and weight which was observed to be oestrus at 
the time the trial was conducted. Whether or not this 
occurrence is associated with the relatively high initial 
blood sugar (89.29 mgm. percent) is not certain. This 
aspect also requires further investigation. 

A litter-mate (number 237) to pigs 236 and 237 
which made very slow growth was tested and is 
charted on the diagram. This barrow appeared normal 
in development but did not attain 200 pounds weight 
until he was eleven months old at which time the 
trial was conducted. His initial blood sugar was nor
mal although an abnormally high sugar concentration 
was observed following glucose administration with 
a maximal value of 162.95 mgm percent recorded 90 
minutes following glucose, whereas, all normal 
(growing) pigs showed a decrease in blood sugar 60 
minutes following glucose administration. 

Another very slow growing barrow (147) was 
tested at the age of 5 months at which time he weigh
ed 83 pounds. This animal exhibited an extremely 
high initial blood sugar (154.48 mgm percent) which 
dropped to 63.62 per 100 m!. of blood following in
sulin injection. However, as in the case of barrow 237, 
blood sugar continued to rise, following glucose, 
reaching a level of 112.72 mgm. percent 150 minutes 
after glucose administration. 

The factors regulating blood glucose level are 
multitudinous, as previously pointed out, and no at
tempt will be made to discuss or theorize concerning 
the results obtained at the present time. Further work 
is being conducted with added studies on urinary 
sugar. (Project 3) 

Acceptability of Meat and Meat Products 

D. E. Brady, E. R. Kiehl, E. S. Hensley, E. Birmingham, 
v.J. Rhodes, R. L. Henrickson, L. A. Weaver, 

N. B. Wilson and D. W. Woodson 

In this study a survey was made in Missouri to 
determine to what extent housewives would sacrifice 
quality for leanness. Three hundred sixty-one co
operators indicated their preferences with regard to 
leanness of pork cuts. Cuts from carcasses meeting 
U. S. D. A. Specifications for Choice No.1 and Medi
um were paired in order to determine preference for 
a particular grade, both before cooking and after eat
mg. 

Even though the Medium cuts lacked quality 
most women preferred the Medium because of its 
leanness. Even after cooking the preference was still 
for the Medium cuts. 
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Other meat buying and eating characteristics 
were reported, such as, times meat served per day, 
meat buying habits, including number who use h,?rpe 
freezers or lockers. D-( 4) To determine the minimum 
amount of finish generally desired by consumers both 
in fresh and cured products . Previous work at this 
station indicated that consumers do not have a pref
erence for cuts from a Choice No. 1 carcass over a 
Medium carcass. If there was a preference it was for 
the Medium grade. Where consumers have the op
portunity to select from only two variables the op
portunity for chance selection is very evident. It was 
felt that additional work should be undertaken using 
the trio test for discrimination. 

In the fall of 1954 a pilot study was set up to 
ascertain if the amount of finish is influenced by the 
quality as measured by consumer acceptance. By co
ordinating this study with certain Animal Husbandry 
production experiments it was possible to procure 
from a lot of 19 Durocs, carcasses of the desired back
fat and quality attributes. These hogs were limited 
fed from 140 pounds to 204 pounds slaughter weight. 
Their ration consisted of 60 percent wheat, 35 percent 
alfalfa hay, and 5 percent tankage. Their average daily 
gain was . 79 pounds and the feed requirements were 
542 pounds of feed for each 100 pounds of gain. The 
carcasses measured an average of 1.06 inches of back
fat and an average of 29.7 inches of length. They 
yielded 53.6 percent of the four lean cuts and 68.3 per
cent of the five primal cuts. Seventeen of the carcasses 
were scored No.1 quality and two No.2 quality. 

Two adult menbers from 36 families were select
ed as a pane1. These members were selected from a 
group who had participated in the prior survey. The 
product tested consisted of sliced bacon, cured ham 
slices and pork chops from the No.1 and No. 2 qual
ity carcasses. The trio test was used for differentiation. 
Their preference, if any, was also requested. It is im
portant to note that the cooperators were asked t.o 
differentiate and express their preferences on the basIs 
of the eating quality of the cooked product. This 
would not, however, preclude some prior impressions 
such as might come from the uncooked product. 

While these results must be regarded as some
what tentative due to limited amount of sampling 
they do suggest very strongly that on the basis of the 
cooked product, consumers can find little which they 
can use as a basis for discrimination or to indicate con
sumer preferences as indicated by the results which 
show that 20.8, 19.4, and 29.2 percent could discrim
inate between the pork chops, ham and bacon. For 
each product 72 interviews were made. Of interest 
is the preferences of those who could discriminate. 
This is shown in the following table. 

DISCRIMINATION AND PREFERENCES FOR - QUALITY 
Preferences of those who 

could discriminate (%) 
% who could 
discriminate 

No.1 No. 2 No 
CUT 

20.83 
19.44 
29 .16 

quality quality preference 
53.3 43.3 1.4 Pork Chop 

Ham 
Bacon 

(Project 5) 

28.5 71.5 
38.1 52.4 

Production of Young Beeves 

A.J. Dyer,James E. Comfort, et at. 

OBJECTIVES: 

9.5 

A. To determine the advantages and disadvantages 
accruing to January-February and March-May 
dropped calves when both groups are fed grain 
while suckling their dams on pasture and fattened, 
post weaning, to the same degree of finish . 

REPORT OF PROGRESS: 

Thirty grade Shorthorn cows produced in New 
Mexico were purchased in November 1953. The cows 
started calving about January 1 and continued calving 
until June. The cows were wintered on 40 pounds of 
corn silage and 2 pounds of cotten seed meal per head 
per day in addition to the run of a bluegrass pasture 
until April 16 when they were moved to wheat pas
tures. Fescue, sudan and lespedeza pastures were also 
used during the season. 

Creep-feeding was started for the January
February calves on March 13 and for the later spring 
calves June 5. The January-February calves were 
weaned October 2 at about eight months of age and 
the later spring calves were weaned December 3 at 
the same age. The grain mixture used in the creep
feeders was 8 parts shelled corn and 1 part of cotton
seed meal (by weight) . A mineral mixture of 100 
pounds steamed bone meal and 100 pounds of salt, in 
addition to block salt was available to the cows and 
calves at all times. 

CALVES - CREEP WHILE NURSING 
Creep-Feeding Period Jan-Feb Calves Mar-May Calves 
No. in each lot 12 14 
Avg. initial weight 165 (Mar 13) 157 (June 5) 
Avg. weaning weight 583 (Oct 3) 507 (Dec 3) 
Avg. gain to weaning 418 350 
Avg. daily gain 2.05 1.89 
Avg. daily ration 

shelled corn 2.70 2.79 
cottonseed meal .34 .35 

Avg. total feed consumed 
shelled corn 548 (9.7 bu) 498 (8.9 bu) 
cottonseed meal 68.7 62.4 

Feed required/1 00 lbs. gain 
shelled corn 131.70 146.56 
cottonseed meal 16.48 18.35 

This year's report is only for the creep-feeding 
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period up to weaning on both groups as the later 
spring calves were still on feed February l. 

OBSERVATIONS : 

1. The calves started eating grain when they were 
about six weeks of age but grain consumption was 
relatively light for the January-February calves until 
they were about four and a half months of age. The 
late spring calves increased in grain consumption 
more rapidly due, in part, to poorer pastures in 
mid-summer of 1954. 

2. During the period July 10 to August 23, 1954, 
when the cows and calves were on dry lespedeza 
pasture the older calves doubled their grain con
sumption and the cows lost 75 to 100 pounds in 
weight. 

3. After returning to sudan pastures on August 23 
the grain consumption on the older calves was 
reduced one-third. The grain consumption per head 
at weaning was about the same for both groups of 
calves. 

4. The heifers in the January-February group were 
carrying more finish at weaning time than the steer 
calves in this group. The difference in condition 
between the steers and heifers in the March-May 
group was not as noticeable as in the early calves. 

(Project 78) 

Bio-Chemical, Physical and Physiological Aspects 
in Natural and Artificial Breeding 

D. T . Mayer,]. T. Smith, Charles Merilan 
A . Gawienowski, L. A. Weaver,]. F. Lasley 

and Arthur Allen 

A Comparison was made of the Ability of Certain 
Egg Yolk Diluents to Maintain Optimum Osmotic Con
ditions During the Storage of Bull Semen. 

Semen specimens from healthy dairy bulls were 
extended with six diluents, stored at 4 to r c. and 
examined daily for both motility and freezing point 
depression. One of these diluents, the egg yolk-citrate 
diluter, failed to maintain the osmotic pressure of the 
extended semen within the range suggested by Pursley 
and Herman as optimal for semen diluters. The other 
diluents used in commercial artificial insemination did 
maintain the osmotic pressure within these limits, 
and one of these, the egg yolk-glucose-NaHC03 

diluter developed by Kampschmidt, Mayer, and Her
man in this laboratory, maintained the osmotic pres
sure along the line of mean freezing point depression 
of semen, a point further strengthened by its superior 
motility maintenance during the storage period. 

Previous investigations had suggested osmotic 
pressure, along with pH, buffering capacity, viscosity 

and other physical properties, as an important con
'sideration in the preparation of diluting media. 

Semen obtained from dairy bulls of several breeds 
was extended with diluting media used in the practice 
of artificial insemination and with media especially 
designed to alter one or more of the physical and 
chemical properties. 

These extended semen samples were stored at 4 
to 70 C. and evaluated daily for motility and osmotic 
pressure. Motility was rated by a standard method. 
Results of this investigation show that osmotic rela
tionships are important in preparing diluting media. 
They show, further, that the diluting media which 
maintained osmotic pressure within the limits of -0.44 
to -0.61 0 C. (freezing point depression) were superior 
in the maintenance of motility in extended bull semen 
during a lO-day storage period. Glucose in the dilut
ing solution aids in maintenance of osmotic pressure 
within narrow limits during storage. If the diluting 
medium without antibiotics maintained osmotic pres
sure within the optimal range, addition of antibiotics 
did not change the osmotic pressure to the extent that 
it was no longer within the optimal range. Evaluation 
of sperm concentration by the hemacytometer method 
was made including a comparison of four counting 
fluids. 

Four counting fluids, two eosin-containing and 
two eosin-free, were compared on the basis of their 
physical characteristics (pH, surface tension, and re
fractive index) and on the basis of the number of sper
matozoa countable on five squares of a hemacytometer 
chamber. Results were not explainable on the basis 
of a different pattern in these physical characteristics. 
There was, however, a high statistically significant 
difference in the number of spermatozoa countable 
between groups (eosin-free and eosin-containing 
fluids), but not within groups. These results suggest 
the use of eosin-containing fluids for hemacytometer 
determination of sperm concentration. 

A Metabolic Study of Cold Shock in Mammalian 
Spermatozoa was made. 

Perhaps the greatest contribution of this partic
lar investigation was the observation that the effect 
of cold shock on spermatozoa could be quantitatively 
measured as changes in metabolic activities of these 
cells by utilizing the Warburg apparatus. 

In this investigation the hypothesis that cold 
shock caused a change in spermatozoan permeability 
was investigated by enzyme studies. The results were 
too few and too variable to draw definite conclusions 
but suggested the necessity of further work along thi~ 
avenue of approach. One phase of these studies with 
enzymes was of especial interest and pointed the way 
that future research should be directed. If ram sper-
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matozoa were washed three times with a Krebs
Ringers-phosphate solution, their average endogenous 
respiration was 12.2 microliters of O2 per 108 cells per 
hour whereas the endogenous metabolism of the con
trol expressed in the same units was 17.5; indicating, 
as previously suggested, a detrimental effect of wash
ing. However, the addition of glucose or succinate 
raised the O2 consumption to 141 percent and 160 
percent respectively, of that of the control. Washing 
spermatozoa, it must be remembered, further enhances 
the detrimental effects of cold shock. 

The effects of Washing Spermatozoa upon Certain 
Metabolic Enzymes was Studied. 

The relative succinic dehydrogenase activity of 
washed and unwashed spermatozoa was studied. From 
March to June (1954) there was a significant differ
ence in the succinic dehydrogenase activity of washed 
and unwashed spermatozoa with washed spermatozoa 
showing about twice the activity of the unwashed 
cells. Note that the washed spermatozoa have the 
greater activity. However, since that period, even 
though the overall average is still in favor of the wash
ed over the unwashed, a sufficiently large number of 
semen specimens have shown the opposite results 
to produce statistically insignificant results. The aver
age for 20 specimens run during the latter period was 
washed 35.03 and unwashed 31.49 microliters of CO~ 
per 108 cells per hour. 

There seems to be a seasonal variation in the suc
cinic dehydrogenase inhibition produced by washing. 

Other dehydrogenase systems, malic dehydro
genase and 3-phosphoglyceraldehyde dehydrogenase, 
have been studied in washed and unwashed sperma
tozoan preparations. The results for malic dehydro
genase are similar to those for succinic dehydrogenase. 
Samples run during March showed a higher activity in 
the washed spermatozoan samples than in the unwash
ed samples, while specimens obtained during April 
gave the opposite relationship. 

Only three experiments have been run on the 
3-phosphoglyceraldehyde dehydrogenase activity, 
hence nothing definite can be reported at the present 
time. 

The Effect of Certain Constituents of Egg Yolk Upon 
the Cold Shock Effect, Storage and Metabolism of Bull 
Spermatozoa Also was Studied. 

Since whole egg yolk has proved necessary as a 
diluter constituent for the storage and shipping of the 
semen of farm animals and, as shown by work in this 
laboratory, will protect mammalian spermatozoa from 
the detrimental effects of cold shock, this laboratory 
has endeavored to isolate the factor or factors respon
sible for these effects. This work has continued over a 
ten-year period and, in addition to providing informa-

tion regarding egg yolk and its constituents, it has 
yielded information on the biochemistry and physiol
ogy of spermatozoa which may prove to be the more 
important contribution. 

A glucose-NaHC0 3-(bicarbonate) diluter had 
been developed in this laboratory. Comparative studies 
with this diluter and the citrate-egg yolk diluter show
ed that in the former, spermatozoa exhibited less dehy
drogenase activity. 

In a series of experiments in which succinic dehy
drogenase activity determined by a manometric tech
nique was measured, it was established the egg yolk 
markedly stimulated the activity of this enzyme. With
out egg yolk the average CO 2 produced per 108 cells 
per hour was 32.0 microliters whereas the CO2 produc
tion in the presence of egg yolk was 57.7 microliters. 
These results were with washed spermatozoa. With 
unwashed spermatozoa the CO2 production was 30.6 
and 55.6 microliters per 108 cells per hour in the ab
sence and in the presence of egg yolk, respectively. 

These results suggested that egg yolk in a semen 
diluent may spark the Krebs cycle and utilize the 
sugars present without the production of excessive 
quantities of lactic acid. This may be the reason why 
the glucose-NaHCO~-egg yolk diluter, which con-. 
tains a minimum of buffer salt and minimal buffering 
capacity, has proved so successful as a storage medium. 
This would lend further proof supporting the conten
tion that less total dehydrogenase activity in the 
glucose-NaHC03-egg yolk diluter than in the citrate
egg yolk diluter was the result of the utilization of 
the sugar in the former via the Krebs cycle (total 
oxidation of glucose). This would yield the same 
amount of energy with less dehydrogenase activity 
than would be obtained through the utilization of 
other substances in the sugar-free citrate-egg yolk 
medium. 

Next, a series of exploratory experiments were 
planned in an endeavor to discover the identity of the 
factor (or factors) in egg yolk which enhance succinic 
dehydrogenase activity. 

Previous work in this laboratory on the cold 
shock mechanism and storage of spermatozoa, and 
literature reports that lecithin plays a role in the suc
cinoxidase system, suggested that lecithin might be 
the factor involved. Lecithin, however, failed to give 
any activation; in fact it gave a slight inhibition (37.1 
microliters of CO2 without lecithin; 20.9 microliters 
of CO2 with lecithin.) 

Since lecithin proved to be non-effective, tests 
were made of various fractions of egg yolk. The results 
indicated that the active fraction was associated with 
the acetone-soluble portion which includes free fats, 
fat soluble substances and cholesterol, but little phos-
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pholipids. Preliminary experiments with cholesterol 
show a definite enhancement of the succinic dehydro
genase system. 

Hence, in egg yolk a protective substance is pres
ent which protects against the detrimental effects of 
cold shock and possibly acts in a favorable manner 
during storage. The protective substance is a lipopro
tein or the phospholipid moiety of the lipoprotein 
complex (lecithin or cephalin). A second factor in egg 
yolk is a substance which stimulates succinic dehydro
genase activity and may be cholesterol or related sub
stances. Since lipoproteins or at least a protein-lecithin
cholesterol complex are important constituents of the 
outer cellular layers, the cold shock effect, washing 
effect, and possibly the effect of a high rate of dilution 
upon spermatozoa may be the removal of these sub
stances and a changed cellular permeability. 

The Chemistry of Mammalian Spermatozoa was also 
studied in this series of experiments. 

However, during the past year little advancement 
has been made on this phase of the project as it is dif
ficult to find graduate assistants with sufficient chem
istry and bio-chemistry to work in this specialized and 
difficult field. (Project 81) 

Improved Methods of Pork Carcass Evaluation 

L. A. Weaver, D. E. Brady, A. M. Mullins,]. P. Lasley, 
L. P. Tribble, H. B. Hedrick, R. L. Henrickson 

and D. W. Woodson 

An important consideration in all livestock pro
duction is an equitable evaluation of the end product. 
In the case of meat animals this is rather difficult but 
not impossible to attain. With hogs the carcass cut
out values currently give the best estimate. In addition 
to the differences existing between established grades 
there are also rather marked differences between indi
viduals within a given grade. 

Carcass cut-out values can be expressed in a nu~
ber of ways. These include (1) the yield of the four 
lean cuts, (2) the yield of the five primal C\Its, (3) the 
yield of all cuts. Each of these has its own advantages 
and limitations. Ideally, what is desired is a single in
dex which will express the market value of all of the 
cuts of a carcass. The "adjusted loin equivalent" is 
such an index. Much of the carcass data from this sta
tion has been so reported. 

SUMMARY: 

1. Detailed carcass cut-out values were secured from 
273 hogs of Landrace x Poland, Hampshire and 
Duroc breeding at approximately 200 pounds-live 
weight. 

2. Carcasses with 1.1 to 1. 5 inches of backfat had a 
higher value than those with 1.5 to 1.8 inches of 
backfat due to the higher yield of four lean cuts. On 
the live weight basis the hogs with the 1.5 to 1.8 
inches of backfat were highest in value. 

3. Carcasses of 1.1 to 1.5 inches of backfat but which 
were graded down to No.2 in quality had the high
est yield of the four lean cuts. For this reason their 
cut-out values are relatively high in spite of the 
discount. 

4. The Choice II grade carcasses were the lowest in 
value because of the relatively large amount of ex
cess fat on the carcass. This also was reflected back 
to the live value. 

5. The adjusted loin equivalent values approximated 
the actual cut-out values except in the case of the 
Medium grade No.2 quality carcasses. Since the 
loin-equivalent index is largely dependent on the 
ratio of lean to fat, it follows that this value would 
be high. All the adjusted loin-equivalent values 
were higher than the actual cut-out values largely 
because they included the bony parts, whereas the 
other values did not. (Project 88) 

Stability in Cured Meats 

D. E. Brady, R. L. Henrickson, L. A. Weaver, 
D. W. Woodron and R. P. Brooks 

OBJECTIVES: 

A. To determine the influence of ascorbic acid, singly 
or in combination on the uniformity, stability and 
rate of color fixation in ham curing. 

B. To determine the optimum level to which ascorbic 
acid should be used. 
To date 55 pairs of cured hams showing some 

variation in quality have been studied. The additives 
used were ascorbic acid, sodium ascorbate, hexameta
phosphate with and without salt containing calcium, 
calcium carbonate, and magnesium. 

In each case the hams were artery pumped with a 
75 clegree salinometer pickle made of a standard cure 
of salt, sugar and sodium nitrite. The pickle was 
pumped using 10 percent of the fresh ham weight. 
(Nitrate was not used in any of the cures. In a short 
curing period very little if any of the nitrate can be 
converted, and the variation in bacterial contamination 
would make it impossible to control the conversion.) 
A 65 degree salinometer cover pickle was used and the 
hams removed from the brine in 3 days. After removal 
from the cure, the hams were smoked and tenderized. 
(Internal temperature of 142 degrees F.) Center slices 
were removed from each ham for color observations 
and measurements. The brightness, uniformity and 
stability of color were observed. Reflectance measure-
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ments of five muscles the semitendenosus, biceps 
femoris, rectus femoris, adductor and semimembran
osus were taken. 

The technique of adding ascorbic acid to primal 
cuts of pork has been one of the major problems. The 
following is a list of the various techniques that have 
been studied to date. 
1. Add ascorbic acid mixed in the brine prior to 

pumpmg. 
2. Ascorbic acid mixed in brine made from salt con

taining Ca, CaC03 , Mg. 
3. Simultaneous injection of two solutions, one con

taining ascorbic acid, the other sodium nitrite. 
4. Intramuscular injection of ascorbic acid prior to 

chilling the carcass. 
5. Artery pumping of an ascorbic acid solution prior 

to chilling the carcass. 
6. Artery pumping a brine consisting of ascorbic acid, 

salt , and sugar followed by a brine consisting of 
salt , sugar and sodium nitrite. 

7. Artery pumping a solution of ascorbic acid in a 
chilled ham followed by a regular brine injection 
after four hours. (Project 100) 

Nutrients Required by Hogs 

W. H. Pfander, A. G. Hogan, L. F. Tribble, 
L. A . Weaver, A. T. Wise and M. Baskett 

A total of 536 weanling pigs was used in experi
ments designed to study the value of antibiotics in 
rations of growing-fattening pigs. Aureomycin, peni
cillin, streptomycin and chloromycetin were the anti
biotics tested in these trials . Aureomycin was the 
most effective when added to corn-soybean oil meal 
rations, increasing the rate of gain an average of 27 
percent and saving 9 percent of the feed required per 
unit of gain. The effects of the antibiotics were greatest 
during the early part of the feeding period or for 
younger pigs. Pigs fed a high level of protein made 
significantly faster ga-ins than pigs on a low protein 
ration. The low protein ration was improved more by 
the addition of aureomycin or penicillin than the high 
protein ration. 

A ration composed of corn, soybean oil meal, 
minerals and vitamins A and D was improved by the 
addition of riboflavin, nicotinic acid and pantothenic 
acid for weanling pigs in dry lot. The addition of 
vitamin BI 2 to a corn-soybean oil meal r~.tion increased 
the rate of gain 10 percent in one trial but failed to 
improve the rate of gain in two other experiments 
with older and heavier hogs. The addition of ribo
flavin, nicotinic acid and pantothenic acid to a corn
tankage ration increased the rate of gain 24 percent 
and decreased the feed required per unit of gain by 9 

percent for weanling pigs in dry lot. Rye pasture was 
a good source of the B-vitamins as pigs on pasture 
made gain equal to those in dry lot on a ration con
taining riboflavin, nicotinic acid and pantothenic acid. 

The level of lysine, methionine and cystine and 
tryptophane needed in rations of pigs from weaning 
to 100 pounds has been studied with 196 Chester 
White pigs. The lysine requirement (based on growth 
rate and feed efficiency) appears to vary with the pro
tein content of the ration. Rations containing 12, 14, 
16 and 18 percent crude protein were satisfactory if 
4.25,4.5, 5.0 and 5.5 percent of the protein was lysine. 
The methionine plus cystine and tryptophane require
ments appear to be independent of protein levels test
ed and were 3.5 percent and 1.0 percent of the protein, 
respectively. These studies indicate that some practical 
swine rations containing levels of protein recommend
ed by th(; National Research Council can be improved 
with small additions of lysine, methionine and trypto
phane. 

Rations containing 18, 16, 14 and 12 percent crude 
protein were fed to weanling pigs in dry lot. The level 
of protein was reduced 2 percent when the pigs reach
ed approximately 100 pounds. 

Pigs t,hat received rations containing 16 percent 
protein made more rapid and efficient gains than pigs 
on the other levels of protein, Pigs on the 18 percent 
protein ration were slightly superior to those on the 
14 percent protein ration. A ration containing 12 per
cent protein proved to be inferior to rations containing 
higher levels of protein. 

Pigs fed corn plus a protein supplement com
posed of tankage, soybean oil meal and wheat shorts 
made more rapid gains than pigs fed corn plus supple
ments of tankage and tankage and soybean oil meal. 
However, the pigs fed corn and tankage made th'e 
most efficient gains. 

The addition of sugar either as a coating outside 
the pellets or as a mixture inside the pellet did not 
increase the rate or economy of gains of suckling pigs. 
The addition of certain commercial products contain
ing anise and cinnamon in addition to other flavors 
to the basal ration did not increase its value. The 
heaviest weaning weights and the cheapest gains were 
obtained in those pigs fed the basal creep ration con
taining palatable feeds and fortified with vitamins, 
minerals and antibiotics. 

The following eight different treatments were 
compared; full fed from weaning to market, 85 , 75, 
and 65 percent full fed from weaning to market, full 
fed to 80, 125 and 150 pounds and limited fed to 75 
percent of the feed consumed by the full fed group. 

Limiting the feed reduced the rate of gain but re
suI ted in increased efficiency for the pigs on the 85 
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percent full fed level. Limiting the ration to 75 and 
65 percent of a full feed resulted in poorer efficiency 
than for the full fed pigs. Full feeding for a portion of 
the period and then limiting the ration, resulted in a 
rate of gain which depended on the length of time the 
pigs :-rere full fed and it had no effect on the efficiency 
of galOs. . 

The amount of fat in the carcasses decreased as 
the level of feeding decreased ahd the percent of the 
4 lean cuts in the carcass increased. However the most 
restricted rations produced carcasses which'were soft 
and low in quality. Full feeding to 125 or 150 pounds 
and then limiting the ration produce<;l a greater 
amount of lean in the carcass than full feeding and 
most of the carcasses were satisfactory in quality. 

Three trials were conducted with plgs from wean
ing to about 100 pounds to determine the effect of 
supplementing practical rations of corn, soybean oil 
meal, tankage and wheat short? containing 14) 16, and 
18 percent protdn with lysine, methionine and tryp
tophan. The addition ofO.10fL-lys.ine increased 
growth rate and feed efficiency . . S"iipplements .of 
methionine or tryptophan increased growth rate and 
feed efficiency, but combinations of two or three 
amino acids did not give as great a response as lysine 
alone. The requirements of the pig, expressed as a per
cent of protein appear to have been met by 5.0 percent 
L-lysine, 3.5 percent methionine + cystine and l.0 
percent tryptophan. 

A literature survey of the amino acid require
ments of swine and the amino acid composition of 
typical swine feeds was made. It was estimated that a 
number of practical swine ra~ions might be deficient 
in lysine, methionine and try'ptophan. 

Three feeding trials with pigs from weaning to 
100 pounds were conducted to determ.ine the effect 
of supplementing practical rations. The addition of 
lysine increased growth rate and feed efficiency when 
added to a ration of corn, soybean oil m.eal, tankage 
and shorts. Tryptophan and methionine increased 
growth rate and feed efficiency but a combination of 
two or three amino acids did not give as much re
sponse as lysine alone. A corn-soybean oil meal ration 
was not improved by the addition of lysine or meth
ionine. A ration of corn and shorts was greatly im
proved by the addition of lysine, arginine, methionine 
and tryptophan. 

A summary of recent creep feeding work done by 
the Missouri station was given. Creep fed pigs aver
aged only 3.1 pounds heavier at eight weeks of age 
than pigs not creep fed. The addition of sugar or cer
tain flavors were of no benefit to good creep rations. 
There was no advantage to pelleting rations as com
pared to feeding the same ration as a meal. 

Four litters of pigs were weaned at 10 days of age. 
One litter was good and weighed 37 pounds at eight 
weeks of age. Two other litters averaged only 20 
pounds at eight weeks while all of the pigs from a 
fourth litter were lost. 

Recent work with antibiotics show that there is 
less effect from adding antibiotics to growing-fattening 
rations for swine but the difference is due to the better 
performance of the pigs on the basal ration. Sows fed 
a high level of antibiotics just prior to and after far
rowing weaned more pigs with slightly heavier wean
ing weights than sows not fed antibiotics. 

The severe drouth of 1954 prevented the comple
tion of project plans to study the value of pasture and 
grass silage as sources of vitamins and unrecognized 
nutrients for brood sows and growing fattening pigs. 

Some preliminary work was initiated on the nu
trients required by baby pigs. Four litters of pigs were 
weaned at approximately ten days of age and fed dif
ferent rations. These rations were offered in a dry form 
and fed until the pigs were about one month I)f age. 
A good creep ration was mixed with the starter ration 
when the pigs were three weeks old and then fed alone 
after the pigs were a month old. Litters 1 and 2 were 
fed on essentially the same ration except that the ra
tion fed to litter 1 did not contain any lard. The addi
tion of lard reduced the dustiness of this ration and 
made it more palatable to the pigs. The pigs in litter 
2 did well from the start of the experimental period 
and averaged 37.4 pounds at eight weeks of age. These 
pigs were very thrifty and showed no effects of any 
nutritional deficiencies. However, three of the pigs 
developed navel hernias which were thought to be due 
to the pigs attempting to nurse the other pigs in the 
litter. The third and fourth litters were fed ration 2. 
This ration proved to be inadequate for pigs of this 
age as all of the pigs in litter 3 died and the pigs in 
litter 4 had small weights at eight weeks of age. 

Pigs receiving tankage as a supplement made 
faster and more efficient gains than pigs on any of die 
other supplements. Pigs that received linseed oil meal 
as a supplement made slow and inefficient gains. The 
linseed oil meal ration was improved by replacing part 
of the linseed oil meal with tankage or soybean oil 
meal. 

There was very little advantage in feeding an anti
biotic to this group of pigs after they weighed 100 
pounds. 

The milk production of the sow is inadequate to 
supply the total amount of nutrients required by a 
litter of pigs. Therefore, in order to obtain maximum 
weaning weights, a creep ration must be used to sup
plement the milk furnished by the sow. 

During the past year, approximately 435 pigs 
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were used in creep feeding experiments. Creep rations 
were placed before the pigs when they were approxi
mately two weeks of age. All pigs were weaned at 
eight weeks of age. 

Pigs receiving ration 54S1 averaged slightly 
heavier at 56 days of age than pigs receiving other 
rations even though the average litter size was larger 
in this group. 

There was no advantage in feeding a pelleted 
ration, 54S1, as compared to the same ration fed as a 
meal with regard to weight of the pigs or in feed con
sumption. 

The addition of oat flour (54S2) to ration 54S4 
improved weaning weights of the pigs receiving this 
ration but did not weigh as much at 56 days of age 
as those receiving ration 54Sl. 

Pigs receiving a more complex ration (54S7) were 
no better than pigs receiving 54S1, although they con
sumed slightly more feed per pig. 

54S1 proved to be the most desirable ration fed 
under the conditions of this experiment. 

In trial 1 some very outstanding pigs were pro
duced with average weaning weights of 39 and 45 
pounds for the pigs on rations 54FB and 54F7 respec
tively. The pigs were produced by Poland and Land
race sows from the swine breeding herd and are known 
to be good sucklers. On the other hand both rations 
contained dried skim milk and 54F7 also contained 
rolled oats which may have been responsible for the 
larger gains made by these two groups of pigs. The 
more complex ration, 54F7, produced slightly heavier 
pigs than those on ration 54FB, although both groups 
were very thrifty at weaning. 

In trial 2 purebred Hampshire and Duroc sows 
and gilts were divided into groups as uniformly as 
possible. None of the pigs consumed enough of the 
creep ration to be of any value. The weaning weights 
of all pigs were small, although most of the pigs were 
fairly thrifty at weaning. The creep rations were of
fered in the same manner as those fed in the spring, 
but the weather was rather hot and dry last fall, and 
the pigs did not spend much time in the creep. 

Eighteen Chester White pigs were weaned be
tween five and six weeks of age and were divided into 
two lots of nine pigs each. These pigs were rather un
thrifty and averaged only nineteen pounds per pig. 
Two rations 54FlS and 54FIF which contained sugar 
and fat as extra energy sources, were compared in a 
53 day feeding period. 

Early in the experiment the ration containing 
sugar was apparently more palatable as the pigs con
sumed it at a greater rate than the ration containing 
fat. However, as the experiment progressed the pigs 
on the ration containing fat consumed mor~ feed and 

at the end of the experiment both groups were con
suming about the same amount of feed. 

Pigs on the ration containing sugar grew slightly 
faster but there was very little difference in the appear
ance of the two groups of pigs. Both rations proved 
to be satisfactory as a ration for pigs of this age. 

The ration was composed of ground yellow corn, 
soybean oil meal, tankage, wheat shorts, minerals and 
vitamins. The soybean oil meal, tankage and wheat 
shorts were kept in the same proportions and were 
varied with the amount of corn to give the desired 
protein level. 

The pigs were placed on the experiment at eight 
weeks of age and were removed when they weighed 
approximately 200 pounds. One-half of the pigs from 
each lot were slaughtered and complete carcass data 
were obtained. Measurements of the live hogs were 
taken at 150 and 200 pounds in an attempt to correlate 
live hog measurements with slaughter data. 

The analysis of the data has not been completed 
for all aspects of the experiment. 

There was no significant difference between pro
tein levels regardless of level of feed intake. This is 
not in agreement with previous experiments in which 
a 16 p·ercent protein ration produced significantly 
faster gains in growing-fattening pigs in dry lot than a 
12 percent protein ration. However, these pigs were 
more thrifty and of different breeding than the pigs 

I used in the previous experiments. (Project 141) 

Roughage and Pasture in Lamb Production 

M. E. Bradley! A .J. Dyer! W. H. Pfander! 
and G. B. Thompson 

Adding a liberal allowance of concentrates during 
the last 60 days of pregnancy to a ration of bluegrass 
pasture resulted in the following advantages: 
a. Greater gains of ewes during pregnancy. 
b. Heavier fleeces. 
c. Larger lambs at birth, singles by B percent and 

twins by 22 percent. 
d. Greater milk yields by 15 and 9 percent, respective

ly, for ewes suckling singles and twins. 
e. Heavier lambs at 16 weeks by 9 percent for singles 

and 6 percent for twins. 
£ Marketing of lambs at younger ages and higher 

prices. 
Dystocias occurred in about 11 percent of the 

ewes but could not be associated with either differ
ences in size and type of sire or conformation of ewes; 
no lambs were lost from dystocias. 

The following differences were observed between 
lambs sired by the large and small rams : 
a. Singles by the large ram were larger at birth and 
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marketed at younger ages. 
b. Twins by the small ram were heavier at 16 weeks 

and marketed at younger ages. 
c. Lambs sired by the small ram shrank less en route 

to mar ket, sold and dressed higher and yielded 
heavier carcasses which graded higher in 1953. 

Growth rates of lambs were highly associated with 
the following: 

a. Milk intake. 
b. Number of lambs nursed. 
c. Birth weight. 
Heavy fall yearling weight of ewes was correlated 

with the production of fast growing lambs. 
Wether and ewe lambs grew at about the same 

rate. 
Ewes suckling more than one lamb produced . 

much more milk than others. 
Peak milk production usually occurred the second 

week of lactation and declined thereafter. 

OBJECTIVES: 

A. To produce late lambs without any grain feeding 
of either ewes or the lambs. 

B. To determine the carrying capacities and other 
information which will help in establishing the 
the best year-round pasture program for sheep. 

C. To determine the effect of size of breeding animals 
in mating large and small type ewes and rams. 

(Project 142) 

Pasture Improvement 

J E. Comfort, A.j, Dyer, E. M. Brown, joe Baldridge 
and L. A. Weaver 

OBJECTIVES: 

A. To determine the type of steer which makes the 
best gains. 

B. To determine the periods of maximum response 
to different pastures by steers. 

C. To study the incidence of bloat and methods of 
control. 

REPORT OF PROGRESS: 

A. Twenty-one yearling Hereford heifers that had 
been wintered on corn silage and one pound of 
cottonseed meal making an average daily gain of 
1.5 pounds per day were selected for grazing on 
the Field Crops Department's experimental pas
tures April 24. They were appraised for type and 
body conformation. Weekly weights were made , 
on all the heifers until May 22. The heifers were 
continued on experiment pastures of bluegrass, 
tall fescue and orchard grass until June 19. They 
made an average gain of 85 pounds during this 
56 day period. With the drouth becoming more 

severe during the next 28 days the heifers barely 
maintained their weight and they were all moved 
from the experiment pastures July 17. The rela
tionship between type, body conformation and 
gains made on pasture will be studied as the rec
ords from more cattle become available. 

B. The severe drouth during the grazing season of 
1954 made the study of periods of maximum re
sponse to different pastures of little value this 
year. 

C. No incidents of bloat were experienced in 1954 as 
ladino in the orchard grass and tall fescue pastures 
had been eliminated from these pastures by the 
drouth of 1953. (Project 154) 

Factors Affecting Rumen Digestion 

A. J Dyer, E. F. Ebert, W. C. Ellis, G. B. Garner, 
M. Ballard, C. W. Gehrke, W. H. Pfander, E. E. Pickett, 

L. A . Weaver and M. Baskett 

The addition of corn oil (10-170 mg.) to 1 gram 
of dry matter containing 50 percent cellulose in the 
artificial rumen inoculated with ovine rumen organ
isms significantly reduced cellulose digestion (40-
94 percent). 

Thirty-two or 64 grams of corn oil added to a 
basal cottonseed hulls and casein ration significantly 
reduced cellulose digestion and lowered protein diges
tion in sheep . Rumen ingesta had a putrid odor, a 
turbid color and a lowered volatile fatty acid content. 
The total number of bacteria present was not reduced, 
but there was a decrease in the number of small rods 
and an increase in small cocci when fat was present. 

Aerobacter aerogenes was isolated from the rumen 
contents of sheep fed 64 grams of corn oil. 

Thirty-two or 64 grams of lard added to the basal 
ration also decreased cellulose digestion. 

The depressing effects of added corn oil or lard 
were partially overcome by addition of alfalfa ash. 

Stilbestrol (10 or 20 ppm) increased cellulose 
digestion by ovine rumen microorganisms in vitro and 
in vivo but conld not be tolerated by wethers at these 
high levels. Cholesterol and estrone increased cellulose 
digestion by rumen microorganisms in vitro. 

A factor, or factors, that stimulates the growth 
and cellulolytic activity of rumen microorganisms 
and inhibits the growth of microorganisms previously 
isolated as undesirable contaminants from the diges
tive tracts of ruminants has been obtained in crude 
form. Active extracts were prepared from four bovine 
ingesta, one ovine ingesta and two fermented feeds. 

Preliminary studies indicate that the volume of 
the rumen of a 100 lb. sheep is 3000-6000 m!. Rumen 
ingesta was removed from fistulated sheep fed alfalfa 
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hay. Rumen bacteria were isolated by centrifugation 
and washing. The composition of the washed isolated 
rumen bacteria is shown below. 
Toeal ash , percent: 9.41 
Major elements present: Ca, Mg, K, N a, P 
Minor elements, PPm in ash, Mo, 10 ; Cu, 100; Sn, 100; 

Pb, 30; Mn, 500; Ag, 10; Zn, 200; Fe, 300; AI, 100. 
Chromatographic methods have been improved, 

but more refinement of the method is needed. 
We completed a preliminary study on the value 

of inoculating sheep when they were changed from a 
timothy hay :l.nd grain ration to fresh wheat forage. 
A fistulated sheep, previously adjusted to wheat pas
ture, was the donor. Each inoculated sheep received 
50 ml. inoculum daily. The commercial inoculum was 
fed at recommended levels. Four sheep were moved 
to pasture and allowed to eat as much of the wheat as 
they desired. Other sheep were fed clipped forage in 
dry lot. They were given seven pounds the first day 
and increased to ten pounds as soon as they would 
clean up, usually within six days. The dry lot experi
ment lasted fourteen days. The pasture test was con
tinued for thirty days. The results were as follows: 

Weight of 
No. of Sheep! Av~. lbs. 

14 cia. Ration Sheep Initial 6 cia. 
Timothy hay, grain (for 

comparison only) 5 93 94 94 
Wheat pasture 2 98 95 102 
Wheat pasture and inoculum 2 99 93 107 
Clipped wheat 2 86 90 93 
Clipped wheat + fresh 

inoculum 2 88 90 97 
Clipped wheat + corn 2 86 88 92 
CUpped wheat + commercial 

inoculum 2 90 86 92 

All sheep turned to pasture lost weight during 
the first week. Only the sheep receiving the com
mercial inoculum lost weight in dry lot. Sheep on pas
ture gained faster during the second week than the 
sheep in dry lot. The inoculated sheep did not gain 
any faster than control sheep during the first week, but 
made significantly faster gains during the second week, 
and held their weight advantage for one month while 
they remained on pasture. 

The detailed results obtained with steers inocu
lated in the feed lot are included in project 182. A 
brief summary is listed below: 

Lot III (control) 
No. steers 8 
No. clays 167 
Average daily gain 2.12 
Feed/cwt. gain: 

II 
8 

167 
2.19 

corn, lb. 674 662 
cottonseed meal, lb. 68 66 
alfalfa hay, lb. 29 27 

Selling price, cwt. $24.10 $25.75 

Several trials were run with the artificial rumen. 
(Project 168) 

Beef Cattle Improvement Through Breeding 

). E. Comfort,). F. Lasley, L. A . Weaver, 
c.). Heidenreich, et al. 

OBJECTIVES : 

A. To develop more effective methods of selection 
for improvement of performance in beef cattle. 

B. To develop more accurate and useful measure
ments of performance in beef cattle. 

C. To further test techniques of identifying dwarf
free and dwarf-carrier beef cattle. 

REPORT OF PROGRESS : 

A. Effectiveness of breeding methods for improve
ment of performance in beef cattle. 
Before starting the 1953 breeding season the 

foundation females and their heifers that were of 
breeding age were divided into 4 equal groups. Two 
of these groups are to be maintained as a control or out
bred herd and will be mated to good purebred bulls 
selected from representative herds of Herefords in a 
manner that most breeders of purebred follow in their 
breeding program. The other two groups were com
bined to make up the closed herd and are to be mated 
to bulls selected from the closed herd. 

1. Performance of the herd in 1954. Thirty-one calves 
were weaned from the 35 cows in the "open" herd. 
They were by two different sires obtained from pure
bred herds in Missouri. Twenty-seven calves were 
weaned from the 34 cows in the "closed" herd. These 
calves were sired by 2 bulls that made the best overall 
records of all bulls in the 1951-52 and 1952-53 per
formance tests. A fifth group of purebred calves was 
from heifers purchased from a Missouri herd in 1952 . 
These heifers were mated to a bull that was closely
related to them and some of the calves are the result 
of half-sib matings. 

An extreme drouth over all of Missouri in 1954 
caused the pastures to be short all season, and it was 
necessary to feed a limited amount of silage starting 
in late July. As a result of the drouth, the weaning 
weights were light and calves lacked condition and 
"bloom" at weaning time. 

The bulls were self-fed a mixed ration in individu
al feeding stalls. Bulls M-263 and M-303 bloated fre
quently. After the completion of the test, bulls M-314 
and M-315 were reserved for use in the breeding pro
ject. 

The 1953 purebred heifers were fed only roughage 
during the winter of 1953~54 and were fed by sire 
groups. The 1954 heifer calves also are being fed by 
sire groups. They are being fed in the same manner as 
the heifers fed in the winter of 1953-54. 

One of the yearling bulls from the "closed herd" 

-37 -



was mated to 8 known dwarf-carriers and 4 suspect 
carrier cows in 1954. This was done to test him for the 
dwarf gene in order to determine whether or not he 
should be used in the "closed herd". If more carrier 
cows are detected in either herd, they will be used for 
testing young bulls to be used in the "closed herd". 
Approximately one-half of the cows in the open herd 
were bred during the last one-half of the 1954 breed
ing season by artificial insemination to a bull that is 
reportedly "clean" by pedigree and performance. 

Attempts to estimate the potentialities of imma
ture beef cattle for replacement breeding stock or to 
select young animals for fattening ability by visual 
appearances have not been highly successful. As a 
result, there is a need for more accurate and useful 
measures of performance than have been used in the 
past. 

It appears that many, if not all, characteristics of 
economic importance which need to be evaluated 
more accurately in breeding animals are the result of 
a composite of physiological functions under endo
crine control. Considerable progress has been made in 
recent years in determining the specific hormones 
which influence certain physiological activities in farm 
animals. 

It is generally agreed that hormones do not initi
ate or halt any metabolic reactions. They simply modi
fy the rate of existing reactions possibly by influencing 
enzyme activity or by modifying cellular permeability. 
Apparently hormones concerned with metabolism are 
secreted at all times. A fine adjustment between rates 
of secretion is essential for homeostasis with an insuf
ficiency, over-abundance or an imbalance resulting in 
metabolic or endocrine diseases. The smooth adjust
ment which occurs in normal metabolism is depend
ent upon the interaction of several hormones with 
diverse effects. This is accomplished by a complex 
system of interlocking synergisms and antagonisms 
and the differential effects of hormones on different 
organs. A test in which the animal is put under a me
tabolic stress is, therefore, a useful method of deter
mining the performance of the endocrine glands in
fluencing metabolism and illustrates disturbances in 
the homeostatic response. 

The role of endocrines in the hereditary expres
sions of performance factors in farm animals has been 
studied but little in the past few years. With newer 
methods of measuring hormone activity in the live 
animal, this promises to be a fertile field for research. 
S~udies of this nature have been initiated at the Mis
souri Station with both beef cattle and hogs. 

Numerous workers have reported that the thyroid 
gland is of direct importance in determining the per
formance and in the production of a good quality 

product in the market animal. Apparently an optimum 
level of thyroid secretion rate exists which is associ
ated with desirable characteristics in beef animals. 

One measure of thyroid activity that can be used 
in the live animal is in determination of the protein 
bound iodine (PBI) content of the blood. If the thy
roid activity of an animal is an inherited characteristic 
as it seems to be, the determination of the PBI content 
of the blood in breeding animals might prove to be an 
important means of selection for superior perform
ance. Because of this possibility, data were obtained 
on 8 different bulls placed on a performance test dur
ing the winter of 1953-54. Certain body measurements 
of each bull also were taken in order to correlate these 
with the thyroid activity and the performance of the 
animals during the test period. 

During the course of the study it was found that 
the technique for determining the PBI content of 
blood was not simple and required a considerable 
amount of work for each determination. A refinement 
of the technique reduced the amount of error in repli
cate samples, but any error in the determination would 
be grossly exaggerated because of the very minute 
amount of iodine present in the blood samples to be 
studied. 

Because the data are limited, it is not felt that any 
final conclusions can be drawn from the results. 
Nevertheless, the results do give some indication that 
the PBI content of the blood or the thyroid activity of 
the animal might be an indicator of their rate and ef
ficiency of gain. When the different PBI determina
tions for each bull were pooled, the correlation coef
ficient between the average micrograms of iodine per 
100 ml. of blood with rate of gain was + .801 (P.05), 
and the correlation coefficient with efficiency of gain. 
was - .667 (N. S.). The data suggest that more work 
of this nature might be of considerable importance 
in developing improved techniques for selection of 
beef cattle. 

Because of the fact that the procedure for deter
mining the PBI content of the blood of beef cattle was 
a long and tedious process, this phase of the project 
was discontinued until a simpler and more accurate 
measure of thyroid activity could be worked out. 

During the past year the insulin-glucose tolerance 
test has been studied at the Missouri Station. This 
test illustrates the disturbances in homeostatic re
sponse to insulin hypoglycemia which occurs during 
diseases of the endocrine system. The insulin-glucose 
tolerance test was used in these studies in preference 
to the glucose tolerance test. The injection of insulin 
before glucose administration to normal subjects 
causes the blood sugar to rise higher than when it is 
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not given indicating that compensatory mechanisms 
which tend to restore and conserve the blood sugar 
have been set in motion by the time the glucose is 
administered. 

Work with human subjects has shown that when 
the production of hormones by either the anterior 
pituitary or adrenal cortex is insufficient, blood sugar 
rises slowly despite the administration of glucose 
whereas diabetics show a magnified hyperglycemic re
sponse even though the blood sugar decline following 
injection may be small. With a combined deficiency, 
the intermediate response is observed. Apparently, 
there is a counterbalancing effect between the pitui
tary-adrenal cortex factors and insulin involved in the 
homeostatic response to hypoglycemia. 

The increasing incidence of dwarfism in beef 
cattle suggests rather strongly that in the past breed
ing animals heterozygous for the dwarf gene have 
been preferred by breeders to those which are homo
zygous normal. If this is true, there must be certain 
points of conformation in which heterozygous and 
homozygous normal animals differ. A preliminary 
study was made in which "carrier" and "non-carrier" 
(by pedigree) cows were scored and the average scores 
for each group were compared. Fourteen known 
"carrier" cows, 19 "non-carrier" and 11 whose geno
type for dwarfism was unknown were used in this 
study. Each cow was scored individually for 9 different 
traits by 4 different judges who had no previous 
knowledge concerning the genotype of the cows ex
cept that the herd contained some "carrier" and "non
carrier" cows. Each judge also recorded whether or not 
he thought each cow was a carrier of the dwarf gene. 

A summary of the score cards showed an agree
ment among all of the judges that the "carrier" cows 
had shorter heads, shorter necks, shorter bodies, 
shorter legs and scored higher in conformation than 
"non-carrier" cows. It was emphasized that some of 
these differences in scores could have been due to 
family differences in "carrier" and "non-carrier" cows, 
since the two groups included animals from different 
herds. The results obtained in tpis preliminary study 
also indicated that in some instances the judges were 
able to identify some of the carrier cows with a fair 
degree of accuracy. (Project 198) 

Estrus and Other Related Phenomena in the 
Female and Functions in the Male 

D. T. Mayer,). F. Lasley, et al. 

Landrace gilts had a shorter vagina (234 mm. 
average) than the Poland gilts (average of253 mm.). 
Although the length of the vagina in the Landrace 
gilts was 19 mm. shorter than that of the Poland gilts, 

they farrowed 1.2 more pigs per litter than the Poland 
gilts and the former weaned a larger percent of their 
pIgS. 

The number of embryos per uterine horn varied 
from 1 to 13 ; the sow with 13 embryos in one horn 
had 10 in the other. A very definite relationship exist
ed between the number of embryos per horn and their 
spacing. The embryos in the horn containing 13 em
bryos were, on an average, 167 mm. apart. In uteri 
with but 3 embryos per horn the average distance be
tween embryos was 359 mm. The average number of 
embryos per horn was 5.02 with 83.5 percent of the 
uterine horns containing from 3 to 6 embryos. As the 
number of embryos increased the distance between 
embryos decreased; this being true also for the dis
tance between the body of the uterus and first embryo 
and the distance from the last embryo to the utero
tubular junction. A large variation was noted in the 
spacing" of the embryos, (20 mm. to 367 mm.) with a 
mean of213.4 ± 12.26 mm. 

The weights of the individual embryos varied 
from .23 mg. to .92 mg; the mean being .576 ± .0413. 
The correlation between the weight of the embryo 
and the distance between embryos was positive, but 
not significant (r= .1889). 

The antibiotic treatment prior to mating appar
ently had an influence upon embryonic death loss as 
shown by the data on the first group of 39 gilts 
slaughtered during the early part of the gestation 
period. The treated group averaged 10.8 embryos per 
gilt while the average number of embryos per gilt in 
the untreated group was 8.83 pigs-an embryonic 
death loss of 8.1 percent less in the treated group. In 
4 of the treated gilts no embryonic death loss was 
observed. 

No significant correlations were found between 
number of corpora lutea or number of embryos and 
each of the following scores or measurements; backfat 
(shoulder), backfat (hip), backfat (ham) , body length, 
heart girth, and conformation score. As expected the 
ovulation rate (based on corpora number) and the 
number of embryos showed a significant positive cor
relation. Flank girth was negatively correlated with 
number of embryos (-.5379 at .05 level). 

In the second group of 39 gilts a highly signifi
cant negative correlation was found to exist between 
death losses after birth and total litter weight at wean
ing. A positive correlation was also found between 
the number of pigs born and litter weight at weaning. 
Perhaps these correlations could be due to the number 
of pigs and not to their actual weight; since the more 
death within a litter would result in less total weight 
of the litter at weaning. When litter size at weaning 
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was held constant, the significant negative correlation 
(-.3213) between death losses and total litter weight 
at weaning persisted. 

The Landrace x Poland gilts shed an average of 
13.4 ova at the average breeding age of 202.1 days. 
Interestingly, the litter size on the 55th day of gesta
tion was 9.2 (viable embryos) and the mortality 4.2 
embryos per gilt. The embryonic mortality was, on 
this basis, 31.3 percent at 55 days after mating. 

The 3 Duroc gilts shed an average of 9.6 ova 
(average breeding age of229 days.) The embryos pres
ent in both horns on the 55th day of gestation aver
aged 8.3; hence the embryonic mortality was only 
13.5 percent. (Project 222) 

Endocrine Secretions in the Physiology 
of Farm Animals 

D. T. Mayer, H. E. Bredeck, Anthony Gawienowski 
and J. L. Lasley 

In the accumulation of the data mature female 
albino rats were used of which 100 were pregnant and 
12 were non-pregnant. The animals were bred and on 
the 13th day thereafter were killed by decapitation. 
The uteri were removed, emptied of their contents, 
and subjected to analyses for alkaline and acid, phos
phatases by the method of Huggins and Talalay. The 
weights of the gravid and empty uteri, number of im
plantation sites, and the number of viable embryos 
were recorded. 

The results show that 28 percent of the corpora 
lutea are not represented by viable embryos on the 
13th day of gestation and that 60 percent of this loss 
occurred prior to implantation. The data obtained 
show further that (1) the number of implants present 
on the 13th day has no influence on average embryonic 
weight (2) as the number of embryos increases by 1, 
the uterine weight increases by .0622 grams (3) the 
acid phosphatase concentration exceeded that of the 
alkaline phosphatase both in pregnant and non
pregnant rats. (4) an increase in uterine weight was 
paralleled by an increase in acid phosphatase and a 
decrease in alkaline phosphatase (5) the acid phos
phatase content of the uterus was significantly cor
related with uterine weight, the number of implanta
tions, the weight of implantations, and with the num
ber of viable embryos. 

These results suggest that the uterine contents 
may influence, either directly or indirectly, their en
vironment, the uterus; but does not rule out an alter
native hypothesis that hormones or other factors con
trol the uterine environment which in turn affects the 
uterine contents. (Project 223) 

Returns from Sheep on Small, Fertile, 
Irrigated Areas 

C. M. Bradley, A . J. Dyer, Robert Beasley 
and G. B. Thompson 

The plots were seeded, with oats as a nurse crop, 
on March 27. An excellent stand was obtained on the 
irrigated plots, but the grass was killed by hot winds 
as soon as the nurse crop was removed. 

The plots were reseeded in the fall of 1954. A 
fair stand has been obtained on about half the plots. 
On other plots the stand is very poor, or weeds have 
taken over the plot. (Project 235) 

Factors Affecting Gains of Stocker Cattle 

J. E. Comfort, A. J. Dyer, et at. 

OBJECTIVES : 

A. To determine the feeding value of various farm 
grown roughages in winter rations for stocker 
cattle. 

B. To develop a management system that will give 
optimum returns from the wintering and the sum
mer grazing periods. 

REPORT OF PROGRESS: 

A. Twenty-four Hereford steer calves weighing ap
proximately 400 pounds were divided into three 
lots and were wintered for 123 days on the follow
ing rations. 
1. Corn silage, cottonseed meal and wheat straw 

and minerals. 
2. Alfalfa hay and minerals. 
3. Ground corn cobs, blackstrap molasses, cotton

seed meal, minerals and Vitamin A concentrate. 
The corn silage was harvested from a field that 

would have produced about 100 bushels per acre of 
corn. The alfalfa hay used had a good green color, was 
moderately fine stemmed and was of choice quality. 
The ground corn cob ration also proved palatable. The 
calves all made very satisfactory gains and were in 
good condition to go to pasture. 

In 1952 and 1953 cattle that had been wintered 
onpasture appeared to make better gains during the 
early part of the grazing season than cattle that had 
made similar gains in dry lot. For example two lots of 
cattle, one wintered in dry lot on silage and the other 
on pasture gained 1.0 pound per day during the winter. 
The latter gained + .71 pounds per day, and the form
er lost -1.81 pounds per day during the first 21 days 
of the grazing on bluegrass. In most previous grazing 
seasons on wheat pasture steers going from silage feed
ing to wheat pasture would be gaining in weight in 
two to four weeks. Selected steers that had been inocu-
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lated in 1953, prior to their placement em pasture, 
with liquids from the rumen of steers that made their 
best gains from winter pasture, did not show a benefit 
from the inoculation. A further attempt was made in 
1954 to develop procedures that would reduce or elim
inate the loss in weight on steers going from silage 
feeding in dry lot to pasture. 

The 24 yearling steers on the wintering test were 
divided into four groups April 13. The treatment of 
the groups was as follows: 

Group A. Six steers remained in the dry lot on 
their winter ration until May 6. Three of these 
steers were given a rumen liquid inoculation be
fore turning the group on pasture May 6. 
Group O. They were turned on to wheat pasture 
April 13. 
Group 1. Turned on to wheat pasture April 13 
with access to hay in the field. 
. Group 2. This group was turned on to pasture 
for 1 hour on April 15, 1lr2 hours on April 16, 
2 hours on April 17 with an increase of lr2 hour 
grazing each day for 12 days. From this point they 
were on pasture the full day. They had access to 
hay in dry lot. 
There appears to be a slight benefit to acclimating 

cattle in making the change from silage feeding in dry 
lot to pasture as indicated by the results of Group 2. 
Letting cattle have an access of hay may sometimes be 
beneficial, although very little hay was eaten by Group 
1 while they were on wheat pasture. Holding cattle 
off of pasture until the pasture is making a lush 
growth reduces their seasonal gain in weight. (Project 
236) 

Rations for Fattening Cattle 

J. E. Comfort, W. H. Pfander, M. Ballard, et al. 

OBJECTIVES: 

A. To further test the benefits, if any, derived from 
the use of small amounts of molasses in 'fattening 
rations containing low-grade roughage. 

B. To determine whether the addition of dried tumen 
organisms would improve the efficiency of a ra
tion including low-grade roughage. 
Twenty-four yearling Hereford steers that were 

grazing on drouth pasture until July 27, 1954 were 
divided into three lots and were fed for 168 days on 
the following rations: 

1. Ground ear corn, 1.5 pounds cottonseed meal, 
1 pound blacks trap molasses, 1 pound wheat straw. 

2. Ground ear corn, 1.5 pounds cottonseed meal, 
4 grams dried rumen preparation, 1 pound wheat 
straw. 

3. Ground ear corn, 1.5 pounds cottonseed meal, 

1 pound wheat straw. 
For the last six weeks of the test, two pounds of 

alfalfa hay was added and the grain was changed to 
ground Shelled corn as all of the steers had slowed up 
on their grain consumption, probably due to the low 
palatability of the ground ear corn and wheat straw. 
AHlots were self-fed a mineral mixture of 50 pounds 
steamed bone meal and 50 pounds of salt to which 1 
oz. of cobalt chloride was added. (Project 237) 

Effects of Antemortem Handling on 
Carcass Quality of Beef 

D. E. Brady, A. J. Dyer,). E. Comfort, H. B. Hea'rick 
and R. L. Henrickson 

The objective of this investigation was to deter
mine what effects, if any, plane of winter nutrition has 
upon beef carcass quality as indicated by (1) propor
tions of separable fat, lean and bone, (2) amount of 
intr,amuscular fat, (3) tenderness of cooked samples 
and (4) carcass conformation. 

This work refers to that under "Effect of Ante
mortem Handling During Marketing or Subsequent 
Carcass Quality of Beef." 

The objective of this investigation was to study 
the influence of exercise, rest, feeding and other factors 
which may produce shock in the live animal and a 
loss in quality in the resultant beef carcass. 

Results from this study showed that carcasses 
from the cattle on submaintenance winter nutrition 
had significantly more separable fat, less separable lean 
and less rib eye ether extract than carcasses from the 
lots on higher planes of winter nutrition. There were 
no significant differences between lots in the amount 
of separable bone. 

Carcasses from the lot on the low plane of nutri
tion were not deficient in conformation as indicated 
by carcass measurements. 

The average grade for Lot 4 on the low plane of 
nutrition was high Good, whereas the average grades 
for Lots 1, 2 and 6 were low Choice, low Choice and 
average Good respectively. 

No significant differences between lots in tender
ness of roasts and steaks were found. 

Cooking losses for the roasts and steaks did not 
differ significantly between lots. 

Submaintenance wintering very inarkedly extend
ed the time required in the feed lot to reach the Choice 
grade. 

Two groups of cattle were used in this study. The 
first group consisted of twelve yearlings, ten of which 
were trucked 200 miles. After trucking, the cattle were 
divided into pairs and the effect of various treatments 
on the quality of the resultant carcasses studied. These 
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treatments were (1) supplying grain and hay to the 
time of slaughter, (2) supplying only low grade hay 
prior to slaughter and (3) studying the effect of excite
ment prior to slaughter. 

pH determinations were made on each carcass. 
Samples of muscle were taken from which color read
ings were made using the Munsell spinning disk and 
photoelectric cell. 

Results from the first group studied indicated the 
conditions to which the cattle were subjected were not 
rigorous enough to markedly influence the quality of 
the resultant carcasses as determined by the color of 
the lean flesh . 

The second group studied consisted of twenty
four steers marketed at East St. Louis. Sixteen of the 
cattle were slaughtered the day after arrival at the mar
ket. The other eight were held over an additional day 
and fed grain and hay. 

Rib samples were obtained from each carcass. 
Color readings were made on the rib samples using the 
Munsell spinning disk and photoelectric cell. The pH 
was determined on each of the rib samples. 

Results indicated that the additional day of feed 
and rest after arrival at the market did not improve the 
quality of the carcasses as compared to those slaugh
tered the day after arrival at the market. (Project 238) 

Deterioration On Fresh and Frozen Meats 

D. E. Brady and N. T . Grabau 

OBJECTIVES: 

A. To determine relative advantages of applying anti
oxidant (BHA) prior to freezing and storage in 
maintaining the shelf life of sliced bacon. 

B. To determine the relative advantages of lard oil , 
sucrose, and gelatin as carriers for the antioxidan t 
used (BHA). 

C. To determine the relative effectiveness of using 
the antioxidant on the packaging material versus 
the fresh meat in preventing rancidity develop
ment in frozen and cured meat. 
Fresh pork bellies from hogs of known history 

were used for tests herein indicated as Replicate I and 
Replicate II. 

Samples, 3;,2" x 4" X I", were randomized for 
treatment using the Latin Square method. After treat
ment, all samples were frozen at _10° F. for 24 hours 
followed by storage at 0° F. for 6 months. Samples for 
organoleptic and chemical tests were cured, sliced and 
displayed in a refrigerated, lighted display case for two 
weeks. Organoleptic and chemical tests were then 
made on the cured samples. 

Flavor-rancidity,.other off-flavor and desirability 
rating were the factors judged organoleptically by a 

panel of four members. The chemical test consisted of 
determining the peroxide number of the treated sam
ples. 

Samples in Replicate I were treated as follows: 
A. Dipped in lard oil-BHA (0.02%BHA), packaged 

in wax sheet. 
B. Packaged in wax sheet. 

Under the conditions of these experiments it may 
be concluded that : 
1. The addition of an antioxidant to fresh pork bellies 

prior to freezing and storage at O°F. prolongs the 
shelf life of sliced bacon. Any undesirable character
istics which may develop between thawing of the 
frozen pork and subsequent curing appear to be 
masked by the curing process as indicated by lack of 
differences secured on the cured pork. 

2. Of the carriers tested, 3% aqueous gelatin, sucrose 
and lard oil were effective in the order mentioned. 
There was some indication that lard oil tended to 
become rancid and limit the effectiveness of the 
antioxidant. Sucrose had the effect of objectionably 
sweetening the flavor of the pork but was more 
desirable than the lard oil as a carrier for the anti
oxidant. 

Direct application of the antioxidant (in a 
carrier) to the meat appears more effective in retard
ing rancidity development than does the applica
tion of the antioxidant on the packaging material. 
(Project 239) 

Deterioration in Dehydrated Pork 

H. N. Fukui, D. E. Brady, C. W. Gehrke, R. F. Brooks, 
R. L. Henrickson, and M . C. Burnett 

Laboratory trials indicated that the storage life of 
dehydrated pork can be extended by reducing the glu
cose content. The size of the meat particles influence 
the fermentation rate of glucose. \"'{Then meat particles 
of ~ inch grind were used, approximately 50 percent 
of the glucose was removed. Fermenting the meat 
with 5 or 10 percent yeast 4 to 8 hours yielded a desir
able product. When cooked meat was fermented, then 
dehydrated, the shelf life of the dehydrated product 
was further improved. 

Glucose-oxidase enzyme was used with food 
grade hydrogen peroxide to prepare dehydrated pork 
of reduced glucose content. The available glucose was 
oxidized to gluconic acid. Meat particles from a Y8 
inch grind were best suited for this type of reaction 
and yielded a finished product with a good texture. 
Four parts of enzyme and 5 parts of peroxide were 
used with each 1000 parts of meat. The optimum re
action time was four hours at 50° C. Reacting the 
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meat more than four hours with the enzyme did not 
improve its shelf life. Nearly 25 percent more of the 
glucose was converted to gluconic acid when the 
enzyme was reacted with cooked pork compared to 
that which was uncooked. The taste panel fOU11d' the 
enzyme-treated meat to be superior to that which was 
untreated. 

Vacuum packed-stored dehydrated pork develops 
an off-flavor and/ or odor during storage at elevated 
temperature and/or storage for long time intervals. 
Chemical methods were needed in order to determine 
the nature of, and the relative amounts of, the volatile 
components that develop. Aeration techniques in 
conjunction with chromatographic methods were 
adopted and showed the volatile components to be 

* * * 

basic in nature and to exhibit reducing properties. 
Aerations of eight ounce cans of meat by use of a 
specially designed can-puncturing device showed that 
the total basicity and reducing power of the volatile 
fractions increased with a rise in storage temperature. 
Monocarbonyl compounds were shown to be present 
in benzene extracts of all the meat samples. Acetal
dehyde was shown to be present in dehydrated pork 
stored at both -200 F. and 940 F. Ammonia was de
tected in meat samples stored at 100° F. and 160 0 F. 
Schemes for the possible formation of acetaldehydes 
and ammonia are given. The methods presented are 
applicable to similar materials packed in evacuated 
containers. (Project 240) 

* * 

Dairy Husbandry 
A. C. Ragsdale, Chairman 

Enzymes of the Mammary Gland 

C. W. Turner, C. R. Hoover, W. F. Williams, M. B. Sigel, 
W. R. Kirkham, H. Yamamoto, W. R. Miller, 

and A . J. Olson 

Details of this study may be found in Mo. Agr. 
Exp. Sta. Res. Bul. No. 563. 

The study of the nucleic acids as indicators of the 
growth and function of the rat mammary gland during 
normal pregnancy and lactation has been completed. 
The nucleic acids were also used in the determination 
of the optimal amounts and ratio of estrogen and pro
gesterone to obtain experimental growth of the mam
mary gland of the rat and rabbit. 

Progress has been made in the study of the local
ization ofI 1 3 1-tagged lactogenic hormone in the cel
lular components of the rabbit mammary gland. The 
biochemical nature of this localization is reported. 

Using the amount of spreading factor present as 
an index of mammary gland growth in the mouse, 
the most favorable ratios of estrogen and progestetone 
for optimal growth have been studied. In addition, 
the growth promoting activity of the lactogenic hor
mone has been investigated. (Project 28) 

Ice Cream Quality as Influenced by Emulsifiers, 
Sweeteners, and Dehydrated Mixes 

W. H. E. Reid and J. H. Gholson 

A study was made of several factors that affect the 
marketing qualities of ice cream, i.e., flavor, body, 
texture and meltdown, and consumer acceptance of 
chocolate ice creams which included variable percent
ages of butterfat, solids-not-fat, two different sweeten
ers, two stabilizers, three emulsifiers including poly
oxyalkylene fatty acid ester, a hydrophilic ester, and 
a mono and di-glyceride types. Seventy-six different 
mixes were studied. Still pictures and motion pic~ures 
were made of each of the thirteen different series dur
ing the meltdown. 

The data show that each factor studied in com
pounding, processing, and freezing of the mixes af
fected the physical properties, marketing qualities, 
and meltdown of the resulting ice creams. An increase 
in the butterfat, serum solids, sugar content, and vari
able homogenization pressure and variable overruns 
within limits did not impair the marketing qualities 
of the ice creams. Factors that had adverse effect upon 
the marketing qualities and consumer acceptance were; 
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the t:ypc:: and amount of stabilizer, type and amount of 
emulsifier, and combinations in which a stabilizer and 
emulsifier were used. In several series the effect was 
sufficiently objectionable to impair the marketing 
qualities and consumer acceptance of the resulting 
ice creams as to their flavor, body and meltdown. 

These data should suggest to commercial ice 
cream manufacturers methods by which they can im
prove the quality of their ice creams. The marketing 
qualities and consumer acceptance will be enhanced 
which should result in increased consumption of ice 
cream and greater demand for larger volumes of milk 
and milk products. 

The quality of milk marketed at 66 different 
cheese factories, evaporated and dry milk plants were 
observed as to its quality. This study included observa
tion of transportation facilities of milk from the farm 
to the plant, sanitation and housekeeping of each plant 
and attitude of all personnel toward the quality of 
milk and finished product. 

The data showed : 
1. The examination of the milk marketed in

cluded 71,851 tests for extraneous matter ; average 
number of tests per plant, 1,089; number of plants in
cluded in project, 66; total gallons of milk inspected, 
427,623 which included 8,220 gallons marketed as 
Class I milk, 399,740 gallons as Class II milk and 
19,663 gallons as Class III milk. The average percent 
of Class I milk marketed was 1.92; Class II milk, 
93.48 ; Class III milk, 4.60. A total of 10,107 caution 
tags were issued in the instance of the marketing of 
milk that was of a questionable quality. 

2. There has been a progressive improvement in 
the quality of milk received at milk products plants 
included in this study. 

3. The quality of the finished milk products mar
keted by plants included in this study has shown a 
gradual improvement. 

4. The different types of extraneous matter ob
served in Class III milk could be attributed to unsani
tary environment. 

5. The severe drouth was a contributing factor 
as related to Class III milk and emphasized the im
portance of protecting the milk when marketed from 
the farm to the plant. However these data show a 
definite decrease in amount and kind of extraneous 
matter observed in the milk. 

6. The management and personnel of the plants 
were definitely interested in receiving milk of good 
quality. 

7. Methods practiced and utensils used in pro
duction and marketing of milk had relation to its 
quality. 

8. This quality program and improved marketing 
methods have reflected favorably upon the quality of . 
milk and milk products. 

9. In 1954 there was a percentage increase in 
Class I and Class II milk and a decrease in Class III 
milk which indicates that a larger volume of higher 
quality was being marketed. 

10. Plants that marketed their milk in closed 
trucks had less reject milk than those using open type. 
This project has resulted in a continued improvement 
in the quality of milk marketed by dairy farmers and 
in the quality of the finished milk products. (Project 
37) 

A Study of Dairy Bull Semen 

C. P. Merilan, P. R. Cornelison, A . C. Ragsdale 
K. W. Bower, F. G. Grunfeld, B. W. Pickett, 

J. T. Smith, H. A . Ball 

The effect of supercooling during the freezing 
process on the motility and survival rate of sperma
tozoa was studied by immersing copper: constantan 
thermocouples in the semen and microscopically de
termining the motility of samples thawed from various 
temperatures. These studies indicated: 
1. The average maximum supercooled temperature of 

glycerolated (8%) semen was -10.8° C. with a 
freezing point of -5.0° C. when cooled at 1 ° C. per 
minute to -15° C. and 3° C. per minute thereafter. 

2. Increased freezmg rates minimize supercooling but 
reduce motility. 

3. Addition of cold glass beads or ice crystals to 
glycerolated semen at -3.0° C. to minimize or elim
inate supercooling resulted in a 10 percent increase . 
in motility as compared with split sample controls . 

4. Silver iodide, powdered alpha lactose and several 
colloidal clays did not prevent supercooling and 
the first two were quite toxic. 

Metabolic activity of bovine spermatozoa was 
studied with the Warburg respirometer, measuring 
the rate of respiration by O 2 uptake and the rate of 
anaerobic glycolysis by apparent CO2 release· in Krebs
Ringer phosphate of bicarbonate respectively. 

Additions of two levels of AMP, 30 mg% and 
60 mg%, to whole semen showed no increase in the 
respiratory rate and had an inhibitory effect on anaer
obic glycolysis, the inhibition increasing with increas
ing concentrations. Additions of three levels of AMP 
60, 120, 180 mg% to spermatozoa washed free of 
seminal fluid, showed a definite increase in both rate 
of respiration and anaerobic glycolysis. The increase 
was proportional to concentration of the substrate. 
Additions of 0.006 M, 0.013 M and 0.026 M A TP 
caused an increased rate of anaerobic glycolysis. The 
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rate of increased activity was maintained for 15 to 30 
minutes and it then returned to that of the controls . 

Assays for ATP-ase activity were carried out with 
semen at varying times of storage. The micrograms of 
inorganic phosphorus released from A TP by 1xl0~ 
spermatozoa decreased directly with a decrease in 
motility. 

Continued investigation of the physiological 
processes involved in cold shock has indicated that 
partial replacement of the cellular calcium of sperma
tozoa by magnesium helps prevent cold shock while 
cooling from body temperature to + 40 C. This pro
cedure, however, has not been effective in preventing 
spermatozoan death when semen was frozen in the 
absence of glycerine. 

To date, no suitable substitute for glyceine as a 
protective agent for freezing semen has been found 
although a variety of compounds have been tested. 
Of the individual compounds used, ethylene and pro
pylene glycol have shown some promise; however, 
both are more toxic than glycerol at the same concen
tration. Surface tension depressants have given a slight 
amount of protection, possibly by changing the 
freezing point, but are toxic except at low levels. Com
binations of vanous individual compounds including 
surface tension depressants, chelating agents and poly
hydroxy alcohols are now being tested for toxicity and 
the relatively non-toxic combinations will be used in 
freezing trials with spermatozoa. (Project 54) 

A Study of Mating Systems and Physical 
Characteristics in Dairy Cattle 

C. P. Merilan, P. R. Cornelison, A. C. Ragsdale, 
H. A. Ball, K. W. Bower, V. G. Mason 

and B. W. Pickett 

OBJECTIVES: 

To study the influence of certain mating systems 
and related factors upon production, reproduc.tion 
and physical characteristics in dairy cattle. 

Growth measurements were made on lO6 project 
animals as part of the study. Approximately 1400 pro
duction records of animals in the Foremost Guernsey 
herd between 1920 and 1950 have been factored to a 
305 2xM.E. basis and tabulated for research use. In
breeding coefficients are being calculated for these 
animals and will be used to study the effect of inbreed
ing on production and other characteristics over a 30-
year period. 

Reproduction records on the station Holstein 
and Jersey herds from 1940 to 1955 are being tabulated 
to study the relationship between conception rate and 
number of post-calving heat periods prior to breeding 
as another phase of the study. (Project 35)' 

Influence of Diet on Growth of Calves 
and Older Dairy Animals 

J. M. Buckalew, C. R. Lindsay, H. A. Ball, K. W, Bower, 
C. P. Merilan, P. R. Cornelison, and A. C. Ragsdale 

OBJECTIVES: 

To determine the influence of diet with special 
reference to milk replacers and starter rations, the 
specific mode of action of antibiotics, and to compare 
the later growth and development of the animals on 
the experimental rations with similar animals reared 
under normal feeding and management conditions. 

Studies are under way to determine the effect of 
dietary phosphorus supplementation on the growth, 
development and production of dairy animals. Blood 
inorganic phosphorus determinations have been made 
on 65 animals of various ages and under varying en
vironmental conditions. This preliminary work will 
include approximately 125 to 150 animals and will 
serve as a standard for comparing values obtained from 
animals of the same age but under different environ
mental and nutritional conditions. 

The Warburg respirometer is being used to study 
possible modes of action of antibiotics by determining 
the effect of aureomycin on respiration rate, respiratory 
quotient, and both aerobic and anaerobic glycolysis of 
liver and thymus tissue. The initial work is being con
ducted on tissue from rats and dogs. Calves will be 
used as sources of tissue for later work as indicated by 
preliminary results. The results to date indicate that 
aureomycin has little or no effect on the oxygen con
sumption and anaerobic glycolysis of thymus and liver 
tissue. R. Q. and aerobic glycolysis are now being 
studied. In addition to the tissue investigations, aureo
mycin hydrochloride and certain commercial aureo
mycin supplements are being studied with reference to 
their effect on growth, sexual development and blood 
phosphorus levels of young dairy bulls. At the present 
time there are insufficient data to draw definite con
clusions. (Project 55) 

The Endocrine Genetics of Milk Secretion 

C. W. Turner, G. W. Pipes, H. V. Biellier, H. Yamamato, 
B. W. Cowan, H. L. Ruppert and A. J. Olson 

An experiment is reported in which both growth 
of the udder and lactation was induced experimentally 
in seven heifers, the success of the experiment being 
measured by comparing the extent of lactation with 
that following normal pregnancy in the identical twin 
mates of the experimental animals. 

The growth of the udder was stimulated with 
oestrogen (diethylstilbestrol) and progesterone ad
ministered during a period of five months in which 

-45-



the two hormones were injected in a ratio of 1 p,mg. of 
progesterone (ratio 1:1000 parts by weight) . These 
hormones were injected in increasing amounts starting 
with 50 mg. of progesterone daily for two months. 
75 mg. for the third month, and 100 mg. daily for the 
final two months. 

Lactation was initiated by the administration of 
increased amounts of diethylstilbestrol during the final 
30-day period. For the first 10 days, 2 mg. was injected , 
followed by 4 mg. and 8 mg. for the final 10 days. 
Twice-daily milking was started at the time the nor
mal mate calved. 

Three of the seven sets of twins were very low 
producers. Their experimental milk production was 
10.8,83.7 and 106.9 percent of the normal lactation. 
The other four animals produced 41.9, 49.1, 61.1 and 
72.5 percent of the milk (FCM) of the normal mate . 

The endocrine research of the past 25 years has 
indicated the following causes for differences in pro
ductivity ability of dairy cattle : (a) The extent of 
udder development is under endocrine controls. (b) 
The initiation and maintenance of lactation is depend
ent upon the secretion of the lactogenic hormone. (c) 
Energy metabolism is controlled by the pituitary and 
thyroid gland. (d) The mobilization of the milk pre
cursors is controlled by the growth hormone, adrenal 
and pancreas. (e) Calcium and phosphorus are con
trolled by the parathyroid hormone. (f) Harvesting 
of milk is controlled by the milk "let-down" hormone . 

When one or more of the endocrine glands se
crete limited amounts of their important hormones , 
milk production will be limited proportionally. Low
producing cows are now discarded, but it is not known 
whether their poor production is due to one endocrine 
deficiency or many. Some cows will respond greatly 
when one hormone deficiency is corrected; failure of 
others to respond is due, it is believed, to other milk 
limiting hormone secretion rates. It is necessary to 
develop direct and indirect methods by which the 
endocrine gland secretion rate may be measured in 
calves and milking cows. It is also necessary to deter
mine the mode of inheritance of endocrine gland se
cretlon rate In cattle. (Project 80) 

Effects of Environmental Temperature on 
Growth in Heifers 

Samuel Brody, C. R. Blivese, G. Burge, H. E. Dale, H. D. 
Johnson, H. H. Kibler, 0.]. Miller, A . C. Ragsdale, 
D. M. Worstell, R. E. Stewart and Chu Shon Ching 

Scientifically this study is to determine the influ
ences of climatic factors and the mechanisms of these 
influences on milk production, growth, and related 
physiological reactions in different categories of cattle 

(Indian- and European-evolved breeds ), and of some 
breeds (as Santa Gertrudis) recently evolved by origi
nal crossbreeding of European- and Indian-evolved 
cattle. 

PRACTICAL OBJECTIVES: 

(a) To furnish basic data to agricultural engineers 
for design of optimal shel ters against climatic factors 
(heat, cold, wind, humidity, solar radiation, etc. ) , for 
optimal ventilating shelters and for choice of building 
materials for shelter construction. 

(b ) To furnish basic data for design of breeding 
experiments aiming to develop animals adapted to 
given climatic conditions ; particularly cattle adapted 
to high temperatures because highly-productive cattle 
are extremely sensitive to high temperatures (the rec
tal temperatures in large, high-producing dairy cat
tle begins to rise at 75 ° F. reaching the lethal rectal 
temperature of over 108° F. at environmental tempera
ture 105 ° F.) . 

The general objectives (A above) are subdivided 
into many sub-objectives or sub-projects with refer
ences to: 

(a) The many factors that, together, make up 
"weather" or climate (dry-bulb temperature, humidity, 
air velocity, radiations, etc. ; their permutations and 
combinations; their diurnal and seasonal changes). 

(b) The many sub-reactions which, together, 
make up the overall reaction of the animal, as reflected 
by such overall reactions as milk yield and composi
tion, feed consumption, water consumption, heat pro
duction (rumen heat, body proper heat), heat dissipa
tion (by vaporization from the outer surface and from 
the respiratory tract, also heat dissipation by radiation, 
convection, and conduction) , body temperature and 
temperature gradients (rectal temperature, hair and 
skin temperatures in various regions, rumen tempera
ture at various levels), respiration rate and volume, 
pulse rate, body composition (blood composition, 
body tissue composition-special emphasis is now 
being given to distribution of water between various 
body compartments), thyroid activity and the mecha
nisms thereof. 

The first 9 months of 1954 were devoted to the 
completion of a preliminary study of the relative ef
fects on lactating cows of (a) constant environmental 
temperatures, and of (b) average temperature similar 
to those in (a) but varying in temperature range; that 
is , the relativ~ effects of diurnally-variable tempera
tures as encountered in Midwest cold weather, Mid
west hot weather and regions having extreme diurnal 
temperatures, as those in the Imperial Valley of Cali
fornia and of constant temperatures. 

The last 3 months of 1954 were devoted to a study 
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of the reactions of 3 groups of young calves of three 
breeds-Santa Gertrudis, Brahman and Milking Short
horn-exposed to 3 environments: 80° F., 50° F. , and 
open shed. 

Virtually all detailed results up to November 
1954 on mature lactating cows can be obtained on 
request. Only one phase of the work, namely , 
heat production and cardiorespiratory activities at 
diurnal temperature ranges 10° to 40° F. , 40° to 
70° F., 70° to 100° F., and 50° to 110° F. has not yet 
been worked up into MS. Its results are roughly as fol
lows. The levels of the cardiorespiratory activities 
tended to change with the diurnal changes in ambient 
temperature. Minimum values occurred about 9 a.m.; 
maximum values, 5 to 9p.m. (Project 125) 

Problems in the Production and the 
Processing of Milk 

J. E. Edmondson, R. G. Jensen, A . R. Brozis, 
C. O. Smith, and P. L. Tye 

Results indicate that the method of cleaning milk 
pi pelines will vary according to the hardness of the 
water. As the hardness of the water increases, the in
terval between uses of acid cleaners will be decreased . 
The acid cleaners are used to prevent mineral deposit 
or milkstone build-up on equipment. 

The temperature range of the final rinse varied 
from 100-175 ° F. during these studies. Temperatures 
of 130° F. or higher gave good control over the vari
ous bacterial populations. Where extreme hard water 
supplies exist, temperatures of the rinse should not 
exceed 1600 F. because of the possibility of precipitated 
mineral salts at the higher temperatures. 

Line studies of pre-rinsing, cleaning and rinsing 
of milker pipelines indicate that proper sanitation can 
be maintained by using the following procedure: (1) 
pre-rinse with warm water (90-lO0° F.) for 5-1O-min
utes (2) Circulate cleaning solution (145-160° F.) for 
12-20 minutes and (3) rinse with water (130-160 0 F.) 

·for 3-5 minutes. 
Conclusions derived from the dairy waste study 

in this project are: (1) dairy waste can be econom
ically treated by means of continuous pH standardiza
tion, (2) microorganisms can be used effectively to 
treat dairy waste, provided alkalinity and aerobic con
ditions are present and (3) buffered broths can be 
added to dairy waste to cause desirable fermentation 
by the predominating organisms present in the waste, 
resulting in a stable effluent. 

In another phase of this study the primary object 
was to find a solvent that would be used to separate 
the different sterols contained in plant and animal fats. 
Nine different solvent or solvent mixtures failed to 

yield a complete separation of all sterol studied 
(ergesterol), ergesterol acetate, cholesterol, sitosterol, 
stigmasterol and stigmasterol acetate). Cholesterol, 
ergesterol and ergesterol acetate was detected in 10 
p.g. qualities while the other three were detected in 
30 p.g. qualities. 

Ergesterol and ergesterol acetate could be further 
identified and separated by the production of a blue 
color when silicotungstic acid and phenol-methanol
wa ter sol vent mixture was used . All other sterols 
studied produced a yellow color under the same con
ditions . 

Another phase of this research includes bacter
iological studies on the bulk milk dispensers in the 
five University food establishments. The bulk milk 
dispensers are checked twice each month for tempera
ture of operation and the bacteriological flora of the 
milk. All procedures used have been according to the 
Tenth Edition of Standard Methods for the Examina
tion of Dairy Products. The temperature of the milk 
has varied from 34 to 52° F. at time of testing. The 
average temperature has been 41 ° F. for the period 
studied. The Standard Plate Count ranged from 1200 
to 16,000 per ml. during the same period. Ninty-five 
percent of the samples had a SPC per ml. of less than 
3,000. The coliform count with the exception of two 
cases has been less than the standard of 10 per ml. 
Studies will be continued to determine some of the 
causes of the bacteriological variations of bulk milk. 
(Project 13 3 ) 

Official Testing of Dairy Cattle and Milk Goats 

Paul R. Cornelison 

This project is basically a cooperative en.terprise 
involving the national Dairy Cattle Breed Association, 
the Purebred Breeders and the College of Agriculture, 
Department of Dairy Husbandry. 

Each month during the period of this report of
ficial testing service was made available to an average 
one hundred fourteen Missouri herds made up as fol
lows: 

40 Jersey Herds -involving 470 cows 
47 Holstein Herds -involving 562 cows 
18 Guernsey Herds -involving 213 cows 
9 Brown Swiss Herds -involving 102 cows 

Complete Butterfat and Milk records were tabulated 
for the above herds. Two forms of official testing, 
Advanced Registry and Herd Improvement Registry, 
are carried out. Ninty-five percent of the herds en
rolled in official testing programs are enrolled in the 
Herd Improvement Registry plan. 

During 1954 numerous sires of all breeds were 
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proven with the proof records published in the Ad
vanced Registry Publication of the several breed as
sociations and in lists published by the U. S. D. A. 

Many outstanding brood cows were located 
through the testing program. Breeders use records as 
compiled by testing programs on brood cows and 
proven sires as a basis for improved breeding practices. 
(Project 134) 

Foremost Guernsey-Breeding for Herd 
and Breed Improvement 

A . C. Ragsdale, P. R. Cornelison,]. E. Edmondson 
and L. R. Rainey 

OBJECTIVES: 
The Guernsey breeding program is directed to

ward developing cattle of good size, large milk pro
duction, superior type and longevity with particular 
attention directed toward the development of out
standing sires and brood cow families . 

Consideration will be given to good farm prac
tices with emphasis on pasture, silage, hay crops and 
soil conservation. 

The building layout has been planned in such a 
manner as to provide opportunity for study of loose 
housing vs. conventional type housing for cows in 
milk, for closed vs. open barns for calves, and for a 
comparison of aluminum vs. asphalt shingle roofing 
for heat transmission and for service life. The influence 
of six key animals, three bulls and three cows, is very 
strong in the herd. Langwater Foremost inheritance 
is carried by 70 percent of the animals now in the 
herd; that of Langwater Valor by 96 percent ; Mixter 
May Royal by 91 percent; Mixter Faithful by 93 per
cent ; Valor's Charity by 86 percent ; and Foremost 
Lida by. 50 percent. 

Senior herd sires now in service include Foremost 
Footprint with 48 AR daughters; Foremost]. C. with 
40 AR daughters; and McDonald Farms Distinctive 
with 15 AR daughters. Junior sires are Foremost Foot
print 28th with 18 daughters in the herd, the first four 
now on AR test; Foremost Missourian with some 11 
daughters in the herd and some 20 females now in 
calf to his service; Foremost]. c.'s Recorder with four 
young daughters in the herd and approximately 15 
cows in calf to his service; Foremost Royal Monarch 
with 15 females in calf to his service; and Foremost 
Faithful Valor with one young daughter in the herd 
and 20 cows in calf to his service. 

The three senior sires have all sired Excellent 
cows on type classification and two have sired Class 
Leaders for production. 

Of 139 cows officially classified for type three 
were Excellent, 49 Very Good; 66 Desirable; and 21 

Acceptable, which is considerably above the breed 
average. 

The sires now in service make it possible to carry 
on the same general lines of breeding represented by 
the six key animals mentioned. 

Since January 1, 1954, 79 females and 29 males 
have been dropped and reared for breeding purposes. 
During this same period 40 males and 26 females have 
been s0ld for breeding purposes into 20 states and 
Canada. 

PASTURE ACHIEVEMENTS-1954. The spring pas
ture season started early around April 1st. Thirty-five 
acres of wheat pasture in three fields carried approxi
mately 70 cows through April 1 and until May 20th, 
with hay available and some use of permanent pasture . 
This same 35 acres plus 5 extra acres, sowed to Sudan 
May 22 came back quickly and were being grazed by 
June 20. Except for a 2-3 week period in late July and 
early August, this sudan was grazed alternately and 
continuously by some part of 100 milking cows until 
frost killed it about November 1, 1954. It was then 
resown to wheat. The cows were run in two groups, 
one of about 65 head and the other about 35 head. 
During sudan pasturage, these groups usually alter
nated with permanent pasture once a day and sudan 
once a day. The smaller group was on sudan two peri
ods and permanent pasture one period per day much 
of the time. 

Pasture in 1954 saved much hay and silage over 
that consumed by the herd during the pasture season 
of 1953. Due to the use of improved pasture and 
sudan, we stopped feeding silage about April 10, 1954. 
We fed silage for about three weeks around July 15 
to August 5, then stopped again. Green chopped feed 
to supplement pasture was fed in limited amounts 
from September 10 through silo filling. Pasture for 
the Main Unit was stopped about November 1 at the 
first killing frost . The West Unit was on improved or 
permanent pasture until about August 20. The cattle 
did not fare so well from June 15 until August 15. 
Eight acres of oats were sown August 1 and 18 acres 
of rye for pasture on August 3. The oats were up and 
ready for pasture about August 20. Army worms made 
it necessary to withdraw and spray the oats and rye 
about September 15. To that date the rye had not 
furnished any pasture. The worms did not hurt the 
rye very much. The oats were cut back seriously, but 
three weeks later, about October 10, were ready for 
pasture. The oats carried the group almost alone until 
November 1. Then the cows began to leave the oats 
and go to the. rye. Some pasture was obtained well 
on into December. The eight acres of oats definitely 
gave more fall pasture than the 18 acres of rye. The 
oats, of course, were frozen out in January. 
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Approximately 1)-20 acres have been cleaned of 
brush, stumps, sprouts, etc., so the ground can be 
mowed and kept clean for pasture. Additional grass 
which has been seeded down in old stand should be 
twice to three times as valuable in 1955 than previous
ly. 

We have started clearing old logs, stumps, 
sprouts, etc. off another 17-22 acres to make it better 
permanent pasture. This will not be finished before 
the winter of 1955 or 1956. 

PRODUCTION - 1954 
Hay: 

Mixed hay - chopped off improved 
pastures - 3120 bales - poor to good 
quality 

Oat Hay - 3820 bales - fair to good 
quality 

Alfalfa - 4278 bales - third cutting 
Combined oats 
Oat straw - baled 
Silage - sorgo, drouth corn, rye, 

alfalfa, sweet clover 
Milk - produced and sold: 

Amount produced in 12 months 
period - 1954 

Sold for 
Whole milk fed to calves 

80-90 

90-100 
125-135 

600 
6 

600 

1,080,105 
$51,768.67 

53,008 

tons 

tons 
tons 
bu. 
tons 

tons 

lbs. 

lbs. 

We have record of 2203 persons who visited the 
Farm during 1954, but the actual number was nearer 
3000, since many who came were not recorded in any 
manner. These came from 36 states, 22 foreign coun
tries, District of Columbia and the Philippines. 

The first official breed field day or Guernsey meet
ing was held at the Farm on AprilS , 1955-the South
west Type Conference, with Dean H. H. Kildee of 
Iowa State College officiating. Guests were heads of 
Dairy Departments and official Guernsey judges from 
five states. 

Bacterial analyses have been made on Foremost's 
milk supply, including 108 on the bulk tank; 26 on 
the can cooler; and 8 swab tests on the glass pipeline. 
The pipelines have been cleaned in place since April 

* * * 

1953 and maintained the very low bacterial count of 
less than 5000 per m!. 

The incidence of mastitis on individual quarters 
has been found to be less than 1 percent, with 1596 
tests having been made on the herd during the year. 

The water in the four farm wells has been ana
lyzed at intervals for total hardness, iron and coliform. 

The Foremost Farm milk supply meets Grade A 
requirements and is marketed through the various 
University outlets. (Project 200) 

Synergistic Effects of Microorganisms 
in Dairy Cattle Nutrition 

C. P. Merifan, R. G.Jensen,J. E. Edmondson, 
K. W. Bower,]. M. Buckalew and R. Singh 

OBJECTIVES: 

To determine the specific role and requirements 
of each microorganism in the rumen flora, including 
biosynthesis of vitamins, in the utilization of feeds 
by dairy animals. 

DETAILED RESULTS : 

In addition to the bacteriological work abstracted 
under publications, studies are under way on the bio
synthesis and excretion of riboflavin, niacin, thiamine, 
ascorbic acid, and vitamin BI z in dairy cows and calves. 
The animals are receiving rations varying in type and 
quality of roughages under various controlled environ
mental conditions in the climatic laboratory. To date, 
54 milk samples and 26 blood samples have been 
taken from lactating Holstein and Jersey cows in the 
laboratory and subjected to vitamin analysis. Also, 
66 blood samples have been tested from Brahman, 
Shorthorn and Santa Gerttudis calves maintained 
under three different types of environmental condi
tions (uncontrolled seasonal temperature, 50 0 F., and 
84 0 F.). The data are not yet sufficient to show definite 
trends in vitamin level changes. (Project 246) 

* * 

Entomology 
Philip C. Stone, Chairman 

Furnishing Missouri Farmers With Insect 
Information 

H. E. Brown, W. R. Enns, M. C. Grabau, Stirling Kyd, 
Leonard Haseman, Lee Jenkins, P. J. Spangler 
P. C. Stone, G. W. Thomas, and C. W. Wingo 

During the year, the weekly insect survey of or-

chards and gardens, and the cooperative survey of all 
other pest insects furnished valuable timely informa
tion to hundreds of individuals involved in the saving 
of Missouri crops from insect losses. These weekly 
insect surveys also provide valuable research data for 
studies of insect cycles of abundance. This was an 
insect year, and these surveys demonstrated that they 
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were of inestimable value as extra eyes and ears for the 
research staff in locating possible sources of outbreaks 
of insects in time to warn the county agents, farmers 
and all people involved in the control of the insect 
pests, such as the insecticide dealers, custom ground 
spray operators and aerial spray operators. The sur
veys helped the research staff to locate and recom
mend the best possible control measures for saving 
the crops. This information was disseminated by all 
available means of communication such as radio, TV, 
short articles, circulars, etc. Thus this project contri
butes greatly to the welfare of our state by conducting 
surveys, sponsoring surveys and getting this timely 
information about the pest insects to all involved in 
the control of insects. 

The cooperative survey first located the south
western corn borer in southwestern Missouri in 1953 
and then in 1954 showed that it had spread through
out the whole southwestern quarter of the state. This 
insect may be a very costly pest of corn if not killed 
by low winter temperatures. Survey information deal
ing with all major insect pests of Missouri is being 
preserved for future research studies of the cycles of 
insect abundancy in relation to weather. 

During the year every member of the staff kept 
records of the insects in his specialized field and fur
nished farmers and others with this pertinent timely 
information on insects and their control by means of 
survey visits, weekly letters to growers and all interest
ed persons, telephone calls, mail, radio and television 
programs and bulletins. (Project 30) 

Control of Codling Moth and Other Insects 

Lee Jenkins, W. R. Enns, Paul Spangler, M. C. Grabau, 
Leonard Haseman, P. C. Stone and C. W. Wingo 

OBJECTIVES: 

A. Attempt to evaluate new insecticides for fruit and 
vegetable insect control. 

B. Evaluate parathion for use on cherries in scale and 
curculio control. 

C. Further work on a cucurbit insecticide-fungicide 
mixture. 

D. Experiment further with parathion-DDT mixture 
on apples. 

E. Attempt to find a general-purpose insecticide-
fungicide mixture. 

F. Try to find a better control for Green June Beetle. 
G. Issue the \X'eekly Report to Fruit Growers. 
H. Try to determine whether codling moth larvae 

actually are resistant or tolerant to DDT. 
1. Test new acaricides. 
J. Keep informed on grape insect conditions and 

problems. 

K. Initiate various programs to control vegetable in
sects such as Harlequin Cabbage Bugs, Squash 
Bugs, Mexican Bean Beetles and Soil insects. 

1. Should a new severe problem arise, attempt to 
keep abreast of developments. 
Scale insects, Aphids, Codling Moth, Peach Tree 

Borer, Mites, Stink Bugs, Green June Beetle, Grape 
Berry Moth, and Grasshoppers were among those 
studied. (Project 31) 

Malarial Mosquitoes in Missouri 

Philip C. Stone 

This study will include the rearing and identifica
tion of the Simuliidae or Black Flies living in the 
brooks in central Missouri as well as continuing the 
survey of the adult mosquitoes of the state. It is hoped 
that a joint publication with the U. S. Public Health 
Service will be completed on the Mosquitoes of Mis
soun. 

The continued drouth in central Missouri during 
the summer of 1954 prevented any work being accom
plished on a survey of the black flies or Simuliidae of 
the brooks about Columbia. Surveys during the sum
mer showed a heavy concentration of live larvae of 
Simulium vittatum in seepage water in the spillway of 
Ashland wildlife pond, but all brooks in the area were 
dry and no other black fly larvae were found . 

The mosquito collections of the University and 
the personal collection of the late C. F. Adams are be
ing integrated and will be stored in a fireproof steel 
cabinet in the Entomology Museum in the near future. 
A cooperative mosquito publication combining the 
information brought together by the U. S. Public 
Health Service, the State Department of Health and 
this project has been discussed with the State Depart
ment of Health and this project has been discussed 
with the State Department of Public Health and the 
proposed publication is being brought together at this 
time. This project is being discontinued because the 
essential information concerning the distribution of 
Mosquitoes in Missouri has been worked out in con
junction with the U. S. Public Health Service, the 
State Department of Health, and this project. (Project 
34) 

Entomology Museum 

W. R. Enns and Paul J. Spangler 

Funds being limited, no steel cabinets were ac
quired but several hundred individual pinning trays 
were purchased and installed in old and reclaimed 
Comstock drawers. Two steel storage cabinets were 
purchased, one to house the Acarology collection, and 
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one to contain valuable equipment. A large number of 
specimens were labeled and incorporated into the col
lections. It is impossible to give an accurate count of 
these specimens. Various groups of insects were sub
mitted to specialis~s for determination. 

In cooperation with the Forestry Department sub
project on Acorn Studies, the Museum is working on 
techniques of rearing, identification, and ecological 
importance of acorn curculio larvae and moth larvae 
associated with acorns. Only preliminary trials of rear
ing have heen undertaken in the insectary and in a 
wooded plot at the Ashland Wildlife area. A few slide 
mounts have been made to perfect the technique. 
(Project 36) 

Sulfa Drugs for Controlling Foulbrood of Bees 

Leonard Haseman 

As a result of these studies we have found that 
it is not necessary to feed the drug in sugar syrup 
though in case of severe infection we still recommend 
this as the safest and most rapid method of control. 
However, to fortify colonies against infection and as 
a control for light cases of American foulbrood, sul
fathiazole is proving very effective when fed dry. The 
drug in powder form alone or combined with either 
powdered sugar or finely ground salt may be sprinkled 
between the brood combs and over the top bars. Some 
even report complete success where they apply the 
powdered drug in the entrance by mean ' of a small 
duster without opening the hive. With these simpler, 
inexpensive, foolproof methods of administering the 
drug, the sulfa treatment for American foulbrood 
should soon become a universal practice. (Project 45) 

Biological Investigations and Fly Control 

Curtis W. Wingo 

OBJECTIVES: 

A. To determine the role natural competitive factors 
play in the control of house flies with baits or 
baited sprays. 

B. To evaluate the relative efficiency of Diazinon and 
other experimental materials as a residual spray or 
bait in house fly control. 

C. To determine under what pasture and herd condi
tions micro-sprayers of present design will operate 
and control horse and house flies most efficiently 
and economically. 

D. To plan and layout the ground work for a study 
of area control of the Lone Star Tick, Amblyomma 
americana, by insecticides in typical tick-infested 
pasture land in south Missouri. 
To determine the role natural factors play in the 

control of house flies with baits or baited sprays entails 
the measurement of the relative attractiveness of the 
various natural attractive elements found in typical 
fiyenvironment together with measurements of at
tractancy or repellency of various insecticides and mix
tures of insecticides and attractants. When the project 
plan containing this phase was written in early 1954 it 
was thought that a suitable type of chemotropometer 
had been found for these measurements. Such an in
strument was constructed at modest cost and put into 
use. It has been found entirely unsuitable for the in
tended purpose. Correspondence with Professor Ingle 
of the University of Illinois, who described and figured 
the original model, has failed to indicate the reasons 
for the unsuccessful operation. Up to the present time 
a satisfactory substitute has not been found. 

Late in the season opportunity was afforded for 
the field measurement of the relative attractiveness of 
various dry baits for house fly control. Foot square 
bai ted areas replicated, were exposed in randomized 
arrangement in an environment where naturally at
tractive substances were very abundant. 

From the records there is indication that the 
Bayer L 13/ 59 bait compounded with sugar was slight
ly more attractive than other baits tested. To check the 
speed with which a heavy infestation of house flies 
could be reduced by the use of dry baits alone the 
Swine Physiology barn was baited with Bayer L 13/ 59 
at 1% by weight in dry granulated sugar. Control alley
ways, ledges and doorwarys were baited (about 10% of 
total floor space). Counting stations were established 
and counts made before baiting and at 24 hour inter
vals thereafter. 

The dry bait results indicate that a reduction of 
90% of the original house fly population may be ef
fected in 3-4 days but baits must be continuously ap
plied as migration of flies occurs. (Project 46) 

Influence of Different Elements and Plant 
Nutrients on House Crickets 

Philip C. Stone, H. E. Brown and Leonard Haseman 

OBJECTIVES : 

A. (1) Variations in the bionomics of an Orthoteran 
insect, the house cricket, caused by food plants 
grown in different parts of the United States and 
on soils with different combinations of soil min
erals and trace elements. 

B. (2) Whether there is a difference in the food value 
to the cricket of corn silk from corn known to be 
very susceptible to the earworm and from corn 
only slightly susceptible to the LOrn earworm. 

C. (3) The importance of drinking water in relation 
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to the longevity and reproductive potential of the 
house cricket. 

D. (4) Other tests conducted in cooperation with the 
Departments of Horticulture and Bio-Chemistry. 
The house cricket, Acheta domestica L., was used 

in twenty-one exploratory feeding experiments during 
the year to determine whether this cricket could be 
used as a possible inexpensive bio-assay animal. Many 
ot the experiments were quite similar to Experiment 
#1 which will be taken up in detail and which indi
cates the importance of this rapid, inexpensive type of 
bio-assay. 

The first experiment was a cooperative effort with 
Dr. Ellis Graham of the Soils Department to deter
mine whether there would be a difference in the feed
ing value of the best alfalfa hay available from Colo
rado, Texas, Missouri River bottoms and Soils De
partment Sanborn Field Plot 21 and a "check" diet of 
Cerophyl (1950). Previous tests with diets of alfalfa 
(commercial or locally grown) had indicated that 
crickets grew slowly on alfalfa and matured as minute 
individuals that weighed one-fourth as much as those 
fed Cerophyl or a well-balanced, high protein com
mercial chicken feed. 

Each experimental diet was fed to four replica
tions of five one-day old crickets held in four separate 
bell jars. Crickets were provided with distilled drink
ing water and the alfalfa or Cerophyl diet. Each day 
the numbers of crickets in the jars were counted, and 
the jars rotated in the temperature cabinet held at 90° 
F. The crickets were weighed on the 10th, 20th and 
30th day and were then fumigated and photographed. 
(Project 74) 

Biology and Control of Field Insects 

H. E. Brown and Leonard Haseman 

OBJECTIVES: 

A. Breeding field corn for resistance to earworm. 
B. Control of Hessian fly with insecticides. 
C. Potato leafhopper (Empoasca fabae) Inter Regional 

Cooperative Migration Study. 
D. Legume insects control-Pea aphid control with 

insecticides. 
E. Seed treatment with soil insecticides. 
F. Soil insecticides on corn. 
G. Biological Observations on the Southwestern 

Corn Borer. Search for Resistance in Corn Belt 
Hybrids. 

H. Collection and study of Parasites of European 
Corn Borer. 
One of the experiments included the breeding of 

field corn for resistance to earworm. 

Our work on this objective during the past sever
al years has been directed largely toward finding re
sistant germ plasm in the inbreds available to the corn 
belt planter breeder. Once indexed from the stand
point of earworm resistance the corn breeder would 
be in a position to more effectively combine the corn 
lines containing high earworm resistance into adapted 
hybrids from different geographic regions. We have 
been looking forward to the time when we could put 
this high resistance into an excellently adapted Mis
souri hybrid. We now seem to be approaching this 
ideal. 

Two years ago we procured a southern hybrid, 
Dixie 18, and its parent lines which exhibit very good 
qualities for resistance and we have been able to throw 
light on the mechanism of earworm resistance through 
our studies of these lines. Earworm damage to corn is 
brought about in three main ways: (1) budworm in
jury to the young plant, the so-called ragging damage; 
(2) ear damage through primary infestation from fresh 
silks and (3) late infestation to dough kernels. Under 
(2) above might be listed a second type of injury to 
the ear, interference with pollination due to early feed
ing on the silks. We have not been able to observe 
this type of damage although it is frequently men
tioned in the literature. 

All of these types of injury are probably distinct 
so far as a control approach through plant breeding 
is concerned, and resistance to one type would not 
be expected to carry resistance to another. Our ap
proach has been from the viewpoint of earworm in
festation to the ear from eggs laid on the fresh silks 
as this results in the greatest losses in Missouri. Also 
resistant varieties of corn in solid field planting would 
very probably influence the population levels of ear
worms in an area and result in reduction of larvae 
available for late infestation of the dough kernels even 
though no genetic resistance was encountered. Inas
much as incorporating more than one type of resist
ance in a given hybrid would greatly increase the dif
ficulty from the plant breeder's standpoint it is im
portant to concentrate on the one appr~ach which 
seems to offer the greatest over-all benefi,ts. 

For the past two years, 1953 and 1954, we have 
been attempting to determine the natur~ of the resist
ance which we can observe in the variQus corn lines 
we have been studying. We believe that we have 
thrown light on the mechanism of resistance and are 
well on the way to clearing up many of the questions 
found in the literature concerning this problem. It has 
been known for a long time that the earworm larvae, 
w hen they hatch on the silks, will take silk as their 
first food and will continue to feed on them for a great-
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er or lesser time. We have determined that larvae can 
be forced to feed on silks almost exclusively by pro
viding a long silk channel filled with tightly packed 
silks. The larvae, in order to reach the developing 
grains, must feed its way through the long silk chan
nel. We have also determined that the silks of various 
strains of corn are very different in their ability to 
serve as adequate food for the corn earworm. This may 
be due to imtritional differences or it may be due to 
the presence of toxiC substances in some types of silks. 
We have some evidence supporting the latter view
point. In any case we have shown that larvae fed on 
adequate vs. inadequate silks reach the prepupal con
dition at very nearly the same feeding time but at 
greatly different weights. In the 1954 feeding trials 
larvae ranged in average weight from 290 milligrams 
to 560 milligrams between the resistam corn strains 
and the most susceptible ones. We also find a great 
variation in the mortality of larvae when fed on the 
different silks. (Project 102) 

Mites and Ticks of Missouri 

W. R. Enns, C. W. Wingo, and Philip C. Stone 

OBJECTIVES : 

The principal objective of this project was to 
build a representative reference microscope slide col
lection of Missouri Mites. 

A collection of mites was made in conjunction 
with a class in acarology. From a small nucleus of mite 
slides the collection has been enlarged during the year 
to over 550 specimens which have been identified at 
least to family and some to species. This collection 
occupies portions of 24 slide boxes, and representatives 
of 51 families are included. Some of the specimens 
are at present out on loan to other institutions for 
study by specialists monographing various groups in
cluding the Bdellidae, Eriophyidae, and Smaridiidae. 
Among the economically important species now rep-

* * * 

resented in the collection are: the Fish worm Mite; 
Human Follicle Mite; Chicken Mite; Tropical Rat 
Mite; Grocer's Itch Mite; Brown \'V'heat Mite, Blue 
Oat Mite; Grain Itch Mite; Scabies Mite; Scaley Leg 
Mite; Two Spotted Spider Mite; Clover Mite; Chigger 
Mite; and Mange Mite. The mite collection with card 
catalogue, phase microscope and lamp is housed in a 
fireproof steel cabinet in Room 27 of the New Agri
cultural Building. (Project 131) 

Insects of Cotton in Missouri's Cotton 
Growing Section 

Lee Jenkins 

Not much work was done on the project since 
the transition from Fruit Insects to Insects of Cotton 
took place officially after mid August and the experi
mental work started on codling moth and other fruit 
and vegetable insects had to be finished and records 
taken. 

Several trips were made to the cotton section of 
the state in order to study the insect problems of cot
ton. 

The cotton insect pests that were present in suf
ficient numbers to cause damage were: 
1. Cotton boll worms which caused damage in a very 

few fields. 
2. Cotton boll weevil which was a threat in a few 

fields but was kept down by hot, dry weather. 
3. Two-sported mites were found on the margins of a 

few fields but caused no damage as a rule. 
4. The cotton leaf worm was found in the cotton 

growing area but was not abundant enough to 
cause damage. 

5. Grasshoppers caused some damage to margins of 
cotton fields. In most cases observed the damage 
was caused to cotton fields where soybeans and 
cotton were planted side by side in a field. (Project 
214) 

* * 

Field Crops 
W. C. Etheridge, Chairman 

Improvement of Missouri Farm Seeds 

C. A. Helm, W. E. Aslin, L. E. Cavanah, 
and Carl Hayward 

Field inspections of seed in standing crops were 

made during the 1954 growing season on 36,688 acres. 
This acreage, under certification, was located in 93 
counties on 504 seed growers' farms. This included 
varieties of corn, cotton, soybeans, sorghums, rice, 
winter wheat, rye, winter barley, oats, grasses, and 
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legumes. 
Certification is restricted to those crop varieties 

recommended by the Missouri Agricultural Experi
ment Station. 

The fields of seed were thoroughly examined for 
the qualities best seen in actual crop growth, such as 
general purity, healthiness, and freedom from objec
tionable weeds. 

Of the 36,688 acres field inspected, 33,475 acres 
were approved and accepted for certification, subject to 

the approval of seed inspection and detailed tests by 
the Seed Testing Laboratory. These tests are a large 
part of the annual work of the Seed Testing Labora
tory. 

The Seed Laboratory is composed of four active 
parts, of which a large part is directed in the detailed 
tests of the certification program. 

First is research in the breeding of superior plants 
carried on by the Experiment Station. 

Second is the Missouri Seed Improvement As
sociation which multiplies and distributes the seed of 
superior plants produced by the plant breeding re
search. 

Third is a laboratory for student classes in seed 
analysis and for making tests for educational purposes 
of the seeds of farmers and commercial seed men who 
request this service. 

Fourth are the county extension agents, the voca
tional agriculture teachers, and the other agencies 
which directly teach or demonstrate the great value of 
improved seed in progressive farming. (Project 19) 

Genetic Studies with Crop Plants 

L.). Stadler, M. G. Nuffer, M. H. Emmerling, 
). R. Laughnan,). H. Longwell,Jr.,M. Okamoto 

and Joan K. Stadler 

Previous studies had suggested that terminal 
deletions, which are characteristically associated with 
ultraviolet treatment, are rarely if ever produced by 
X rays, and that complex interchanges and interstitial 
deficiencies, found frequently among progeny of X
rayed pollen, are rarely produced by ultraviolet radia
tion. The present study indicates clearly that terminal 
deletions may be produced by X rays and that ultra
violet treatment may produce both complex inter
changes and interstitial deficiencies. While the relative 
frequencies of the various kinds of chromosomal aber
rations from X rays and ultraviolet differ markedly, the 
evidence that the same types are found with both treat
ments appears to argue against a gross qualitative dif
ference determined by these two types of radiation 
with regard to the nature or lability of the ends of 
broken chromosomes and their capacity to reattach in 

different ways. This appears to be true in spite of the 
qualitative difference in the nature of the two kinds 
of radiation involved. In any case it seems reasonable 
to account for the discrepancies in distribution of types 
of aberrations with X ray and ultraviolet treatment 
on the basis of their differing intensities of effect or, 
what amounts to the same, in terms of differences in 
the realization of potential breaks measured on a time 
scale. An interpretation of these differences is com
plicated by the present controversy and attendant lack 
of a full understanding concerning the nature of the 
so-called direct and indirect effects of radiation. 

The significance of these studies therefore resides 
in the indication that in maize, X rays do not induce 
gene mutations except to the extent that they might 
occur with such low frequencies that they would not 
be detected in experiments of practicable magnitude, 
and seldom if ever result in interstitial losses of small 
magnitude (less than 0.25 genetic units) . Ultraviolet, 
on the other hand, clearly produces changes of con
siderably lesser magnitude which may include minute 
deficiencies or gene mutations or both. 

It should be pointed out that the term gene muta
tion is used in the restricted sense of the word and ap
plies to inherited changes which do not involve extra
genic changes such as deficiencies. While there is no 
evidence that X rays produce inherited changes 
through any other medium than chromosomal aber
ration it is abundantly clear that they do produce in
herited changes, or mutations in the broader sense, 
and studies in this country and abroad during the last 
decade indicate that, in some cases at least, these 
changes are agronomically valuable ones. 

Mutation mechanisms as studied in mutable gene 
systems and genetic analysis of gene structure are all 
included in this study. (Project 48) 

Improvement of the Missouri Soybean Crop 

L. F. Williams, R. Don Neely, W. C. Etheridge, 
Carl Hayward and C. A. Helm 

PURPOSES OF THE STUDIES: 

A. To develop new varieties of soybeans for the var
ious production areas of Missouri with improved 
yielding ability and chemical composition and 
improved resistance to shattering, lodging, and 
diseases. 

B. To secure information needed to make recommen
dations to farmers on the adaptation and perform
ance of new and standard' varieties of soybeans. 

C. To secure information on the effects of varying 
the dates and rates of planting on yield and other 
characters for the varieties commonly grown in 
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Missouri. 
D. To secure basic information which will improve 

the efficiency of the breeding program. This in
cludes such studies as the effects of specific dis
eases, the inheritance of characteristics, and the 
relative efficiency of various methods of breeding. 

SUMMARY: 

Clark has proven to be widely adapted in Mis
souri and is the highest yielding variety for northern 
Missouri. This strain has been increased from seven 
pounds in 1951 to 10,000 acres in 1954. 

Eight hundred and seventy seven strains were 
tested in replicated plots, and 4600 strains were grown 
in single observation rows. Some 4500 plant selections 
were made from hybrid material. Stem and root dis
eases have caused losses up to 50 percent and an esti
mated 5-10 percent loss for the state as a whole, 
making resistance a prime breeding objective. 

Four years of data indicate June 16 is the best 
planting date for early varieties at Columbia, and May 
1 to June 1 for later ones. 

Genetic and other studies to improve breeding 
efficiency are under way. (Project 49) 

Breeding Hybrid Corn for Missouri 

C. O. Grogan, M. S. Zuber, Carl Hayward 
W. A . Crone and C. A. Helm 

Work was continued on the development of 
superior hybrids. Due to the drouth, the corn breeding 
nursery was injured, especially the areas where irriga
tion was not possible. In 1954 yield trials of commer
cial and experimental hybrids were planted at fifteen 
locations in the state, but due to drouth damage, only 
eight were harvested, with the tests located in Central 
and Southwest Missouri being abandoned. 

In the Northern Region the following new open-
pedigree hybrids show considerable promise: 

1. Mo 843 (WF9 x Oh7A) (CI03 x BI0) 
2. Mo 4046W (K55 x H28) (33-16 x K6) 
3. Mo 4047W (K55 x H28) (K41 x K6) 
4. Mo 880 (WF9 x 38-11) (K148 x Y55) 
5. Mo 4021 W (Mo 9187W x Wh38-11) (K55 x 

XR30) 
6. Mo 894 (WF9YKr x 38-11) (H15 x N3) 
7. Mo 4022WB (Mo 9187W .x K41) (K55 x R30) 
8. AES 903W (formerly Mo 4042W) 
9. Mo 4041 W (K55 x H28) (33-16 x K41) 

Double cross seed for Mo 843 was produced in 
limited quantities in 1953 and 1954. Single cross seed 
stocks are available for 500 to 600 acres of double cross 
seed production in 1955. This hybrid is well adapted 
to the Northern half of Missouri, and its yield per-

formance, lodging, and ear drop page resistance has 
been outstanding. 

In addition to Mo 843, limited quantities of 
double cross seed of Mo 4041 Wand AES 903 W will 
be produced in 1955. Both of these hybrids are earlier 
in maturity than U S 523 Wand can be grown in the 
Northern Region. However, they are not as early as 
US 13 whose maturity is more desirable for this 
region. 

In both the Central and Southern Regions, U S 
523\'{T and Mo 804 have given outstanding perform
ance records. Both of these hybrids have been in com
mercial production for 5 years. Among the new hy
brids which have shown up very well in both of these 
regions are: 

Mo 810W (K64 x Mo 22) (TIll x T115) 
Mo 4047W (K55 xH28) (K41 x K6) 
CB 7610 (Ky36-11 x 38-11) (B18 x K115) 
Mo 884 (021E x Mo 999) (Oh7B x 07) 
Mo 4048W (K55 x H28) (Ky 27 x 061) 
CB 7632 (Ky36-11 x K201) (B18 x 38-11) 
Mo 904 (Mo 9284 x Mo 999) (Mo 9150 x Oh29) 
Mo 883 (021E x Mo 999) (Oh29 x Ok12) 

Mo 810W is a prolific hybrid which was superior 
in yield to hybrids of similar maturity with which it 
was compared. Seed stocks are available for 10 acres of 
double cross seed production in 1955. 

Amollg the other new hybrids that have shown 
up well in these regions, none are being considered at 
this time for release with the possible exception of Mo 
4047W. 

In addition to the aforementioned double cross 
tests, yield trials were conducted for new cob pipe corn 
hybrids, three-way crosses, and single crosses. Several 
new cob pipe hybrids appear to be superior to the Mis
souri Cob Pipe hybrid now in production. These new 
hybrids are superior from the standpoint of producing 
a larger percentage of cobs suitable for cob pipe pro
duction. Approximately 150 new yellow inbreds and 
50 new white inbreds were tested in single and top
crosses. Among these were some that appeared to be 
very outstanding in their tolerance to drouth. 

The selfing nursery contained approximately 2200 
progeny rows representing new inbreds in various 
stages of inbreeding. The drouth permitted selection 
for resistance against leaf burning, tassel blasting, and 
for seed production. 

The disease investigations included 90 new lines 
subjected to inoculation with the leaf blight, H. turci
cum, and the two stalk rotting fungi, G. zeae and D. 
zeae. A leaf blight epiphytotic was produced permit
ting the selection of new inbreds with resistance. In 
addition, an inheritance study of resistance to the stalk 
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rots D. zeae and G. zeae, was conducted. Chemical an
alyses of the stalks from various resistant and suscepti
ble crosses are being made to determine the associa
tion, if any, between reistance and the various chemical 
characteristics of the stalk. 

Insect resistance studies (cooperative work with 
the Department of Entomology) involved, (1.) a rat
ing of various susceptible x resistant crosses to corn 
earworm, (2 .) investigation of the mechanism of re
sistance. These studies indicate it is feasible tY> develop 
an earworm resistant hybrid. One of the mechanisms 
of resistance is breeding corn with a long silk channel 
and with silks of low nutritive value causing a slow 
growth of the corn earworm larvae, thus, resulting in 
pupation before the larvae reach the ear. Among the 
90 new inbred lines rated for corn earworm damage, 
four had very outstanding resistance. 

In cooperation with the Agricultural Chemistry 
Department, a chemical analysis of drouth corn was 
made. These determinations revealed the nitrate con
tent of corn fodder was influenced by the nitrogen con
tent of the soil, irrigation, stage of growth of the corn 
plant when sampled, and whether the corn plant had 
produced an ear. In general, the nitrate of corn fodder 
was excessive (above 2%) when the rates of nitrogen 
fertilizer applications were high, when no irrigation 
water was applied, when plants were prematurely 
killed by drouth, and when corn plants did not pro
duce an ear. Investigations were also contiflued on 
protein content of corn grain and protein quality as 
well as breeding for high amylose starch. (Project 85) 

Breeding Winter Barley Varieties 

J. M. Poehlman, Carl Hayward, Norman Brown 
and C. A. Helm 

REPORT OF PROGRESS (1954 Crop Season) 
Acreage of winter barley in Missouri increased 

from 96,000 acres planted in 1952 to 211,000 acres 
planted in 1953. This increase reflects an increasing 
recognition by the farmer of the utility of this valuable 
crop and more confidence that winter barley provides 
them with a safe and dependable feed crop, especial
ly in years of drouth. The greater recognition of the 
safety of winter barley stems from a better knowledge 
of sound methods for producing the crop and increased 
hardiness, disease resistance and productiveness of the 
crop being grown. 

B-400 variety of winter barley-Mo B-400 developed 
by this project is now the leading variety in Missouri 
and its superior qualities have contributed greatly to 
the increased use of barley in Missouri and the confi
dence with which farmers now grow the crop. Use of 

B-400 has controlled the loose smut disease thus far 
although there has been a build-up of covered smut i~ 
all varieties in Missouri in recent years. 

B575, Admire x M.E.B. Sel.-One acre ofB575 
Admire x M.E.B. Sel. , was grown in 1954 as a prelim~ 
inary increase leading to its possible distribution as a 
new variety. The merits ofB575 as compared to B-400 
and Reno in 24 tests conducted during the 7 year peri
od 1948 to 1954 is summarized below. 

Test Lodg- Sur-
Yield Wt. ing vival Date 

Variety Bu./acre lbs./bu. % % Headed 
B575 52.1 45.4 17 83 5/6 
B-400 48.4 43.0 17 84 5/3 
Reno 46.3 44.3 20 86 5/6 
*Heads per 10 I row by natural infection. 

Reaction to 
Loose Mil
dew Smut 
H/R* type 

1 3 
1 2 

27 5 

B575 is superior to B-400 in yield, threshes more clean
ly giving a higher test weight, has better resistance to 
loose smut (Vstilago nuda) and also resistance to semi
loose smut (Vstilago nigra) which is not present in 
B-400. 

Yield Tests in 1953 - Two yield nurseries were 
grown at Columbia in which a total of 60 varieties and 
experimental strains were tested and 30 varieties were 
tested at each Pierce City and Sikeston. All 60 strains 
were planted in North Missouri at Bethany for winter 
killing observations. 

Experimental Strains-A total of355 experimental 
strains were grown in increase and observation plots 
and 1297 additional strains were grown in head rows. 
These represented selections from a total of 24 crosses. 

Crosses- Twenty-nine bulk crosses, ranging from 
F2 to Fs generation were grown in 1954. Eleven new 
crosses were made. 

Special Nurseries-Six introductions and 17 hooded 
strains were grown for observation. The U.S.D.A. 
Uniform Winterhardiness Nursery, consisting of 44 
entries, was grown at Columbia. 

Special Disease Nurseries-A barley loose smut 
nursery was grown in which various strains had been 
inoculated artificially with various races of the loose 
smut organism. One race of loose smut has been iden
tified which infects all varieties with the Early Beard
less type of resistance which is used in B-400 and 
B-575. 

A covered smut nursery was grown in which 
selections from the cross B637 x 13575 were inoculated 
artificially to find the resistant segregates. All strains 
tested for yield were also tested for resistance. 

Improvement of B575 -Improvement of the B575 
strain being increased for distribution is already under 
way. Crosses have already been made to add smooth 
awns and covered smut resistance to this strain. The 
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second back cross of smooth awn selections to B575 
were made in 1954. Covered smut resistant strains 
identified from artificial inoculation studies will be 
back crossed to B575 also. (Project 90) 

Corn Diseases 

M. E. Michaelson, and M. S. Zuber 

Spreader rows of Minnesota 13 were inoculated 
with ground leaves infected with northern corn leaf 
blight caused by Helminthosporium turcicum. Due. to 
the extremely high temperatures and low relauve 
humidity the blight did not spread as fast as was de
sired, so all rows in the plot were sprayed with a s~ore 
and mycelial suspension of the leaf blight organ1s.m. 
Thus 90 lines replicated 3 times were tested for reslSt
ance to leaf blight. The ratings of the individual1ines 
ranged from highly resistant to highly susceptible. A 
number of the lines were more resistant than some 
lines used in the breeding program. The resistance of 
certain lines was increased by back crossing to a resist-
ant parent. . 

To determine the resistance to stalk rot, 80 hnes 
replicated twice were tested in separ~te n~rseries for 
resistance to stalk rot caused by Dlplodla zeae and 
Gibbereiia zeae. Inoculations were made by the tooth
pick method. About four weeks after inocula~ion the 
stalks were sliced to determine the amount of 111ternal 
stalk rot. Some lines were resistant to one organism 
and not to the other organism; a few lines were resist
ant to both organisms. Lines with resistant parents 
were more resistant to stalk rot than lines with sus-
ceptible parents. . . . 

Twenty-five single crosses from M1SSOUrl, M111-
nesota, and Oklahoma, replicated four times, were 
inoculated with an isolate of Diplodia zeae from each 

. of the three states. Ratings were made four weeks after 
inoculations. The Oklahoma isolate was the most 
virulent although the lines varied in their suscepti-
bility to the different isolates. . 

Last year there was considerable damage 111 the 
nursery due to cutwor~s. A. test us~ng U: ~. 523 W 
seed treated with comb111atlOns of 1nseCUC1des and 
fungicides, three to six months pri~r to. planting was 
made in an attempt to control seedhng 111sect damage 
and disease. There was no evidence of cutworms. 
There was little difference in stand counts; however, 
the test indicates that seed treatment can be made a 
long time prior to planting without damaging the 
seed. (Project 127 A) 

Diseases of Small Grains 

M. E. Michaelson and J. M. Poehlman 

The work on diseases of small grains was chiefly 

testing lines for resista~ce to rust. Spreader. rows of 
susceptible wheat were moculated w1th a m1xture of 
races of Puccinia rubigo-vera tritici which are commonly 
found in this area. The races were 5,9, 15,35,58, and 
126. Rust spread from these rows to the lines to b.e 
tested so that the resistance to leaf rust of approx1-
mately 6300 lines of winter wheat was thus deter
mined. Lines included were those in yield tests, head 
row selections, and more advanced lines. Approxi
mately 1300 lines of oats were similarly tested f~r 
resistance to race 7 of Puccinia graminis avenae. In add1-
tion 500 lines, reselections of Mo. 0-205, were tested 
for resistance to race 7 of stem rust. 

In a separate nursery about 400 lines were tested 
for resistance to race 8 of P. graminis avenae. These 
must be tested in separate nurseries for so many li~es 
resistant to race 7 are susceptible to race 8 and V1ce 
versus. Thus, resistance to specific races must be in
corporated into new varieties. About 900 line.s were 
grown in a separate nursery to be tested for r~slstan~e 
to crown rust Puccinia coronata avenae. An ep1phytotlC 
did not devel~p so readings could nof be made. ~ni
form rust nurseries for leaf and stem rust of spnng 
and winter wheat, and stem and crown rust of oats 
were grown and ratings made. ~ating~ were sent to 
Beltsville where they are comptIed w1th data from 
nurseries throughout the country. 

Tyner in Canada has reported that loose smut of 
wheat and barley could be controlled by soaking the 
seed in water for about 60 hours at room temperature. 
Previously the only control measure had been to treat 
the seed with hot water to kill the fungus in the seed. 
A test was made to verify this report and to see if other 
smuts might be controlled in a similar way. Oat seed, 
thought to be infested with smut and barley seed 
thought to be infested with covered smut and barley 
seed thought to be infested with loose smut were 
treated with chemicals or tap water at room tempera
ture. 

A number of the lines were resistant to rust. Many 
were discarded because of the amount of rust present 
and for other factors. Many of the reselections of Mo. 
0-205 were more resistant to race 7 of stem rust than 
the original Mo. 0-205. The ruSt develop~ent was 
inhibited by the high temperature, so that 1n the fu
ture, inoculations in spreader rows should be made as 
soon as possible as is consistent with air temperatures. 
If the temperature is low the rust does not become 
established. 

There was not a great deal of smut in the oats and 
barley (covered smut) so comparison of the treatments 
could not be made. One of the chemicals is either 
phytotoxic or some unexplainable error in treating 
was made. There was loose smut in the rows treated 
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with chemicals and in the checks but none in the rows 
in which the seed had been soaked for 60 hours in tap 
water at room temperature and then dried before 
planting. (Project 127B) 

Weed Control 

O. Hale Fletchall, D. L. Klingman, R. E. Larson, S. C. 
Martin,). D. Crumpacker, W. C. Etheridge, Carl 

Hayward, and C. A. Helm 

OBJECTIVES: 
I. Control of\'Veeds (including Woody Plants) in 

Pastures and Meadows. 
A. To evaluate the selective effect of chemicals on 

individual weed species and to determine their 
effects upon production of desirable forage result
ing from reduced competition of weeds. 

B. To continue studies on the effectiveness of chemi
cals for weed control as an aid in the establishment 
of legumes. 

C. To determine the relative cost of controlling un
wanted brush and the effect of different methods 
of brush control upon vegetative composition and 
production of desirable forage. 

II. Control of Weeds in Corn, Cotton, Cereal, and in 
Soybeans. 

A. To test new and standard herbicides as pre~~mer
gence treatments, post-emergence treatments, and 
directed sprays under varying conditions. of the 
crops, the weather, and the soil. 

B. To compare various combinations of chemical 
and cultural weed control practices from the stand
point of efficient crop production. 

REPORT OF PROGRESS: 
Detailed results with pictures are reported in the 

annual report of the Field Crops Research Branch, 
ARS, U.S.D.A. and the Missouri Agricultural Experi
ment Station. Results of weed control in cotton are 
reported under Project 160. (Project 156) 

Research In Efficiencies of Cotton Production 

Norman Brown, E. M. Brown and W. C. Etheridge 

PURPOSE OF STUDY: 
A. To compare and evaluate different varieties as to 

their inherent ability for yield and quality under 
various environmental conditions. 

B. To develop a cotton variety that.is better adapted 
to Missouri than existing varieties in regard ro 
earlier maturity plus high quality. 

C. To test rates and sources of nitrog'en as compared 
to winter legumes on yield and earliness of cotton 
that is grown in a two-year rotation with corn-to 
test the effects of starter fertilizer on cotton. 

D. To find ways to reduce weed control costs in cot
ton production by the use of chemicals combined 
with various mechanical methods. 

E. To test different chemicals for effectiveness in re
moving leaves from mature cotton plants in order 
to promote rapid opening of the bolls and to re
duce damage from diseases. 
Six crosses were made using Deltapine 15 as the 

male parent and Tenn. 12, Tenn. 241, Tenn, 818, 
Empire, Plains, and Wilds as females. FI plants were 
grown in greenhouse. Nine lines of F2 plants were 
grown and selfed in field. Selections were made from 
50 lines of inbred F:l plants on the basis of earliness, 
lint percentage, and fiber length. Selections were made 
from 90 lines of inbred F3 plants that were segregating 
for plant type. 

Five straiQs were selected from a test of 25 in
bred F5 lines on the basis of fiber quality. The average 
values for the five lines or strains were: Upper Half 
Mean Length of 1.08 inches, Mean Length of .85 
inches, Uniformity Index of79, Strength of 86,000 lbs. 
sq. in., and Fineness of 4.1 micrograms per inch. D & 
PL Fox was user:! as a check and had the following 
values for the same qualities: 1.08, .83, 77,83,000, and 
4.0. (Project 160) 

Rice Production In Missouri 

J. M. Poehlman, and Carl L. Koehler 

OBJECTIVE OF THIS PROJECT: 
To study factors associated with the production 

of rice in Missouri. Major attention is being given 
now to testing new varieties and strains. 

PROGRESS.-(1954 Crop Season) 
A variety test consisting of 40 varieties and strains 

was grown in Northwest Missouri in Marion County 
and a test of similar magnitude was grown in South
east Missouri in Wayne County. The Palmyra (N.E. 
Mo.) test included early maturing varieties and strains 
from Missouri, California and Arkansas. The Puxico 
(S.E. Mo.) test included early, intermediate and late 
maturing varieties. A small preliminary test of 15 
strains was also grown at Palmyra. Two early experi
mental strains show unusual promise for the North
east Missouri rice area. R140 from the cross, Meshibu
Kamji x CI6355, Early Blue Rose, is earlier than Cody. 
the variety now best adapted in that area, has good 
milling qualities, and is similar to Cody in yield. R27 
from the cross, Caloro x Blue Rose, is similar to Cody 
in maturity but higher in yield. A small increase of 
R140.is being made. 

A total of 300 increase rows and 2,100 panicle 
selections were grown in 1954. Most of these were too 
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late in maturity for the Missouri rice growing area. 
(Project 1 73) 

Breeding Soft Wheat With Resistance Qualities 

J. M. Poehlman, Carl Hayward, Norman Brown, 
and E. T. Jones 

Nine yield tests were grown at Columbia in 1954 
and one test at each Bethany, Marshall, Pierce City 
and Sikeston. 

High yielding strain (42.0 bu.) in 1954 was a 
selection from the cross Kawvale- White Federation
Early Premium-Clarkan-Mediterranean (W6185) . This 
strain was also superior in test weight, has good straw 
and is resistant to leaf rust and loose smut. High yield
ing varieties were Knox (40.6 bu.), Royal (39.3 bu.), 
Clarkan (37.9 bu.), Vigo (37.3 bu.), Ponca (37.0 bu.) 
and Pawnee (32.3 bu.) in tests at the five locations. 

New Breeding Materials-469 new strains were 
grown in observation rows in 1954 and 5285 selections 
in head rows. These represented selections from 30 
crosses. 

Bulk Hybrids and New Crosses-42 crosses were 
grown as bulk hybrids ranging from F2 to F5 genera
tion in 1954. Ten crosses in the Fl were grown and 30 
additional crosses made in 1954. 

Uniform Nurseries in 1954-The following USDA 
uniform nurseries were grown in 1954. 
1. USDA Uniform Eastern Soft Wheat Nursery. 
2. USDA Uniform Winter Wheat Rust Nursery. 
3. USDA Uniform Spring Wheat Rust Nursery. 
4. USDA Uniform Hessian Fly Nursery. 

Disease Nurseries-Artificial inoculations were 
made by Dr. Michaelson to establish a leaf rust epi
phytotic throughout the nursery. Seasonal conditions 
were not favorable for heavy leaf rust infections and 
disease observations were obtained only on the yield 
nursery. 

Hessian Fly Nursery-A Hessian fly nursery was 
grown at Columbia under the supervision of Mr. 
Elmer T. Jones" Entomology Research Branch, USDA. 
Seed of all entries in yield tests and increase row, 
which had fly resistant parentage, were tested in this 
nursery. Most of these strains were also tested by Mr. 
Jones in the greenhouse at Manhattan, Kansas. 

Wheat Quality Studies- Wheat quality studies of 
leading varieties and experimental strains were con
tinued in cooperation with the Scott County Milling 
Company and the Dept. of Home Economics. Seven
teen samples from the variety test plots were milled on 
an experimental mill by the Scott County Milling 
Company, and the flour transmitted to the Dep~rt
ment of Home Economics for baking and other quahty 
tests. (Project 202) 

Building and Testing New Oat Strains 
for Missouri 

Carl L. Koehler, Carl Hayward and Norman Brown 

and J. M. Poehlman 
The Mo. 0-205 variety of oats distributed in 1952 

continues to produce high yields of high test weight 
grain. In 1954, a very favorable oat season in Missouri, 
the state average yield was 41.5 bushels, 10.5 bushels 
above the previous record of 31 bushels set in 1946. 
Reports of 35-40 pound test weights with 0-205 were 
common. 0-205 has become the leading variety, not 
only in Missouri, but in at least a dozen other states 
across the southern spring oat region demonstrative of 
a wide adaptive capacity. 

Yield Tests- Thirty varieties and strains were 
tested at each Columbia, Bethany, Pierce City and 
Sikeston, and 100 additional strains tested at Colum
bia. Yield, test weight, height, lodging and disease 
resistance observations were made on all strains. 

Experimental Strains-Several thousand experi
mental strains were grown at Columbia for observa
tion and selection. 

Improving the Lodging Resistance of 0-205 - Crosses 
of 0-205 were made with a stiff-strawed Scottish 
variety Craig Afterlea, and a strain grown under irriga
tion in the West Clin ton-Overland. Selections from 
these crosses were grown in 1954 and the early stiff
strawed strains selected for further evaluation. 

-Addition of Stem Rust Resistance to 0-205 - The 
Canadian type resistance to stem rust (resistance to all 
races) is being added to 0-205 by the back-cross pro
cedure. 

Winter Oats-The USDA Uniform Special Win
ter Oat Nursery was grown at Columbia, Pierce City 
and Sikeston. Seventeen winter oat bulk hybrids re
ceived from the USDA were grown at Columbia for 
increase. (Project 203) 

Water in the Production of Field Crops 

D. M. Whitt and W. C. Etheridge 

Corn yield at Campbell Field was raised from 34 
bushels to 77 bushels per acre with three irrigations 
totaling 5.5 inches of water. Acre yield at McCredie 
Field was increased from 69 to 85 bushels of corn in 
one test and from 51 to 79 bushels in another com
parison by one irrigation of approximately 2 inches. 

Soybean yield at McCredie Field was raised from 
17 bushels to 31 bushels per acre by one irrigation of 
4.7 inches in late August. The beans from irrigated 
plots were 50 percent larger and their oil content was 
almost 11 percent higher, compared with beans from 
plots without extra water. Soybeans were damaged 
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at Campbell Field by hot, dry winds in late July and 
August. Acre yield was only 10 bushels where 11 
inches of water was applied, compared with 2 bushels 
without irrigation. Additional study is necessary to 
develop recommendations for irrigating soybeans. 

Cotton yield was increased almost 1.5 bales per 
acre by 4 irrigations totaling 7.4 inches at Campbell 
Field. Staple length of the cotton was increased, and 
ginning percentage was decreased by irrigation. Extra 
water produced heavier bolls and a top crop which 
accounted for much of the yield difference. 

Wheat, which grows in a more favorable part of 
the year from a water standpoint than the other crops 
under study, has not responded significantly to irriga
tion. (Project 204) 

Pasture Improvement with Legumes 

E. Marion Brown,). D. Baldridge and Carl Hayward 

OBJECT OF THIS EXPERIMENT: 

To determine which legumes to use with adapted 
grasses for profitable pasture production under dif
ferent conditions of weather, soil, and use. 

The primary purpose of grazing, combined with 
mowing, Columbia experimental pastures during 1954 
was to aid the maintenance of lespedeza in rotation
grazed pastures K-l, K-2, and K-3, and the reestablish
ment of ladino in tall fescue pastures 8 and R-l , and 
in orchard grass pastures R-3 and R-4. 

Lespedeza (2 strains of L. striata and Korean 
lespeceza) reestablished stands in bluegrass by natural 
reseeding. Ladino was drilled September 7,1953 , and 
February 23, 1954 in tall fescue and in orchard grass 
pastures, the ladino clover content of which had been 
killed by drouth in 1953. Good stands of seedling 
clover were established but neither lespedeza nor 
clover survived the severe summer drouth. Grass sur
vi val by August was tall fescue 64 percen t, orchard 
grass 32 percent, and Kentucky bluegrass 28 percent. 

The only cattle available for use on the Columbia 
experimental pastures were yearling heifers which 
averaged 421 pounds in weight December 12, 1953 
and 622 pounds April 15, 1954-an average daily gain 
of 1.62 pounds each. They gained 61 pounds an acre 
and 0.78 pounds daily on bluegrass and lespedeza, 
April 15 to July 6; 66 pounds an acre and 0.66 pounds 
daily on tall fescue, April 15 to July 6; and 76 pounds 
an acre and 0.86 pounds daily on orchard grass, April 
15 to July 17. The heifers were too fat to measure the 
productivity of the pastures, and the grazing season 
was cut short by drouth. 

At Lathrop, alliadino in orchard grass, in tall 
fescue, in bluegrass, and in bromegrass pastures was 
destroyed by drouth and grasshoppers in 1953. Each 

pasture might have been plowed up and reseeded to a 
high-yielding grass-legume mixture, the conventional 
method of pasture renovation. This was actually done 
in pasture 2 (tall fescue ) and pasture 10 (bluegrass) 
in order to establish a new seeding of tall fescue and 
birdsfoot trefoil in pasture 2 and in bromegrass and 
ladino in pasture 10. But ladino was drilled without 
sod tillage, March 31 or April 1, in pasture 1 (orchard 
grass), in pastures 3, 4, and 5 (bluegrass under rota
tion grazing) and in pasture 9 (bromegrass). 

The new see dings of grass and legume on the 
prepared seedbeds and of ladino in the untilled sods 
failed with equal completeness to survive the June 16 
to July 31 drouth during which only l.44 inches of 
rain fell in three showers of 0.25,0.45, and 0.74 inch 
each, and the daily maximum temperature exceeded 
100°· on 20 days. But although the seedings failed, the 
untilled pastures did not, so that 5 acres of orchard 
grass carried 6 two-year-old steers from April 22 to 
July 13, and 5 steers from August 31 to September 28. 
These steers gained 319 pounds an acre and 2.52 
pounds per steer daily. Fifteen acres of bluegrass car
ried 10 to 12 steers from April 22 to July 27, and 13 
steers from August 31 to September 28. These gained 
232 pounds an acre and 2.48 pounds daily. Five acres 
of bromegrass carried 4 to 6 steers from April 22 to 
August 13 and from August 31 to September 28. 
These gained 275 pounds an acre and 2.12 pounds 
daily. 

Pasture 6 (bluegrass fertilized annually with 200 
pounds of ammonium nitrate an acre) was grazed at 
the heavy rate of 9 steers on 5 acres April 22 to May 
20, and 7 steers from May 20 to June 17. A high gain 
of 303 pounds an acre was produced, but used up all 
available pasturage by June 29. 

Pasture 8, bluegrass, not fertilized, but in which 
Korean lespedeza has volunteered every year, produced 
less gain an acre (207 pounds) than the other pastures, 
but fully as high a daily rate of gain (2.59 pounds) as 
the best pasture. It carried 3 steers on 5 acres April 22 
to July 27, and 4 steers August 31 to September 28. 
(Project 213) 

Testing Species and Varieties of Grasses 
and Legumes for Use in Pastures 

E. M. Brown,). D. Baldridge and M. S. Offutt 

PURPOSE OF STUDY : 

To compare new species and varieties of forage 
grasses and legumes made available by plant introduc
tion and by plant breeding with species and varieties 
now in use to determine their value for pasture, for 
hay, and for grass silage in different climatic regions 
and on different soils in Missouri. 
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Herbage yields in tons dry matter an acre of eight 
southern-type varieties of bromegrass compared at 
Lathrop were: Oklahoma Synthetic 1.28, Oklahoma 
No.1 1.21, Lancaster 1.17, Elsberry 1.14, Achenbach 
1.12, Lyon 1.12, Lincoln 1.06, and Fischer 0.92. Com
parable yields of northern-type varieties were: 

B. in. 120.87, South Dakota 0.82, Manchar 0.78, 
Martin 0.73, Mandan 0.67, and Canada common 0.56 
tons an acre. 

Yields of Sudan grass varieties compared at 
Sikeston in tons of dry matter an acre were: Wheeler 
3.10, Sweet-372 2.80, Common 2.65, Tift 2.57, Sweet 
S-l 2.52, Sweet Common 2.50, No. 337 2.34, Piper 
2.25, Lahoma 2.19, and Greenleaf 2.08. 

Comparative herbage yields of peral millet vari
eties in tons dry matter an acre at Sikeston were: 
Hybrid 2.22, Common 2.20, Texas 7 2.19, and Starr 
1.89. 

The better of two strains of buffel grass yielded 
1.56 tons dry matter an acre. (Project 220) 

Breeding and Developing Trefoil 
and Annual Lespedeza 

J. D. Baldridge, and M. S. o.ffutt 

Bacterial wilt, caused by Kanthomonas lespedezae 
(Ayers et al.) Starr, is the most destructive disease of 
the annuallespedeza in Missouri. It is more damaging 
in Korean lespedeza (Lespedeza stipulacea Maxim) than 
in common lespedeza (Lespedeza striata Thunb.) 

Studies were made of the host-parasite relation
ship and of inoculation and evaluation techniques as 
they relate to breeding for wilt resistance in annual 
lespedeza. 

Results indicated that the wilt bacterium entered 
and infected annuallespedeza through wounds. Once 
the wilt pathogen had gained entry into the host, it 
tended to spread within the xylem vessels at a more 
rapid rate and to advance further in susceptible strains 
than in resistant strains. 

The percentage of seedlings of susceptible strains 
which become infected with wilt from natural causes 
is small, probably less than 3 percent. Of 34 diseased 
seedlings sectioned and examined under a microscope, 
all were found to be the most heavily infected in or 
near the cotyledons. 

Hulls from stored seed, and stems and debris from 
diseased plants left in the field during the winter were 
shown to harbor virulent bacteria as late as April of 
the following year. 

When natural epiphytotics occurred, secondary 
spread appeared to be involved. Three possibilities of 
secondary spread were indicated, all of which involved 
wounding of the host. The possibilities indicated 

were: (1) the grazing and trampling of animals, (2) 
the feeding of grasshoppers and other insects, and (3) 
mowing, especially when the forage was wet. 

A measure of the wilt resistance of lespedeza 
strains was obtained by determining the yield reduc
tion due to wilt on a percentage basis. Yield reduction 
following field inoculation ranged from about 5 per
cent for the more resistant strains to around 50 percent 
for the more susceptible strains. Forage quality was 
lower in susceptible strains than in resistant strains 
due to more severe stunting and to a higher percentage 
of dropped leaves. 

Uniform variety tests and other tests have shown 
wide differences between varieties of birdsfoot trefoil, 
in total and seasonal production of seed and forage, 
and in persistence under different conditions. This 
information is vital in recommendations to growers, in 
designing experiments, and in determining the direc
tion of the breeding work. 

In the drouth of 1953 and 1954, trefoil has ranked 
with alfalfa, sericea, and crown vetch as a drouth resis
tant legume. 

Bacterial wilt has limited the performance of 
lespedeza at Columbia more than any other factor 
except drouth. Progress has been made in gaining an 
understanding of the disease and in the development 
of methods of artificial inoculation. 

This year's work again showed that many en
vironmental factors influence the infection and sub
sequent damage from bacterial wilt among lespedeza 
varieties. Under certain conditions it is possible to 
separate certain varieties by their susceptibility to wilt. 

Lespedeza varieties may vary in their susceptibil
ity to wilt depending upon: (a) environmental condi
tions for plant growth, (b) stage of growth when 
inoculated, (c) method of wounding, and (d) the 
concentration of bacteria in the inoculum. Under cer
tain sets of conditions, the disease may be so severe 
that all strains are severely injured; under other sets 
of conditions, the disease may be so mild that none of 
the strains is injured appreciably. Between the two 
extremes it is possible to separate certain varieties on 
the basis of their susceptibili ty to wilt. (Project 221) 

OBJECTIVE: 

Testing of Alfalfa Strains 

Marion S. a. ffutt 

The improvement of alfalfa in yield, quality, and 
resistance to disease, through the selective testing of 
varietal strains. 

With the help of Dr. H. O. Graumann, Research 
Agronomist, Division of Forage Crops and Diseases, 
Beltsville, Maryland, seed of the most promising vari-
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eties for each section of Missouri has been obtained. 
Varieties to be tested and locations where the tests 
will be made have been selected. 

The forage yields were obtained from the hardy 
alfalfa test at Sikeston during 1954. Summer rainfall 
was below normal, especially during the latter part. 
Army worms damaged the first cutting for the third 
straight year. In general forage yields were good, con
sidering that the stands were in their fourth year of 
production. Buffalo, Ranger, Kansas Common, Neme
stand, Oklahoma Common, Atlantic, and Williams
burg of the named varieties, and 97-1740, 97-1950, 

* * * 

97-1969,97-1980, 97-c-190, and 97-2016 of the e.xperi
mental strains all yielded over 4 tons per acre for 4 
cuttings. In March of 1954 (after 4 winters) stands of 
all varieties, with the exception of California Com
mon, still were satisfactory. 

The 1954 non-hardy alfalfa variety yield test re
sults at Lathrop have been summarized. Due to the 
hot, dry weather, this test was harvested only once. 
In this test Indian was the outstanding non-hardy 
variety in yield, but was no better than the hardy vari
ety Vernal. (Project 241) 

* * 

Forestry 
R. H. Westveld, Chairman 

Christmas Tree Culture 

R. B. Polk,). M. Nichols, R. H. Westveld, 
and W. D. Buchanan 

STUDY OBJECTIVES: 

A. Study of deer damage: (1) nature and extent of 
damage; (2) methods of control. 

B. Study of seedling size influence on plantation sur
vival, growth, and yield (quantitative and qual
itative). 

C. Study of pine tip moth: (1) nature and extent of 
damage by species ; (2) methods of control. 

D. Influence of site preparation on plantation survival 
and growth. 

E. Pruning (shearing) techniques in Christmas tree 
culture. 

F. Fertilization as a factor in Christmas tree color and 
growth. 

G. Mulching-planting-method study. 
H. Genetical influence on Christmas tree yields. 

Annual records are being maintained on the ex
tent of antler and browse damage by deer in Christmas 
tree plantations on the Ashland Wildlife Area and at 
the Weldon Spring Experimental Farm. This deer 
problem is of recent origin, having become serious 
with the rapid increase of the Missouri deer herd since 
1950. One phase of the damage swdy affords compari
son of survival, growth, and tree quality on four split 
blocks at Ashland, one half of each block being fenced 
from deer. Establishment of this study in spring, 1952, 

has been reported. The unprotected plots are being 
browsed heavily and those of Blocks A and B severely 
so. This study, however, has been seriously confound
ed by the prolonged drouth that has been progressive
ly worse during the two growing seasons since the 
time of establishment. Second-year mortality, com
monly low, was high as a result of the record-breaking 
1954 drouth, and those trees no,w living have been 
greatly stunted by the high temperature and moisture 
deficiency of June and July, although considerable re
covery followed the early August rains. (Project 9) 

Investigations on Oak Wilt 

T. W. Bretz, T. W. Jones, L. Boeckstiegel, D. R. Howard 
and G. B. Oonk 

OBJECTIVES: 

A. A study of host-parasite relations. 
1. Host range 
2. Fungus activity 
3. Fungus viability 

B. A study of local spread of the disease and its con
trol. 
C. A study of long distance spread of the disease. 

By inoculation, 7 additional species of Quercus 
have been found to be susceptible to oak wilt. Inocula
tions were made with spore suspensions into 1 and 2 
year old stock. Species of doubtful hardiness in Mis
souri were grown and tested under greenhouse condi
tions. Hardy species were grown and inoculated in 
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nursery beds. Symptom development began within 
3 to 5 weeks after date of inoculation and in general 
followed the typical sequence of development de
scribed for the disease. For all species infection was 
confirmed by reisolation of the fungus. Together with 
species found susceptible in the preceding year, the 
total of unreported (unpublished) susceptible species 
is as follows: 17 Quercus, 1 Castano pis and 1 Lithocarpus. 
Thus far all species in these genera subjected to inocu
lation have proved to be susceptible and no evidence 
of immunity or marked resistance to oak wilt has been 
found. 

During the stage of active wilting, the growth of 
the oak wilt fungus is restricted to the vascular tissues 
comprising the outer 1 to 3 annual rings of sapwood. 
After the death of the tree, however, when certain, not 
yet well defined, conditions prevail, the fungus may go 
into an active, vegetative phase of growth. By means 
of increment borings made at frequent intervals along 
the boles of wilt killed trees some months after death, 
and subsequent isolations from these increment bores, 
it has been found that the fungus may grow to the 
depth of the 10th annual ring of sapwood and as deep 
as 32 mm. from the cambium. This, in general, cor
responds to the total amount of sapwood present in 
the trees sampled. The fungus was never recovered 
from the heartwood. The lowest moisture content of 
wood from which the fungus was recovered in this 
study was 51 percent. 

This vegetative growth of the fungus may also 
result in the development of "spore mats", provided 
other favorable environmental factors prevail. These 
spore mats develop in the region of the cambium as 
the bark begins to separate from the wood. If condi
tions favorable for their development persist, they 
may develop to the extent that the bark is ruptured 
and the mats become partially exposed. In Missouri 
such mats have been found only during the winter, 
spring and fall months. None has been found during 
the summer. The average moisture content of sapwood 
adjacent points where mats formed was 67.1 percent 
The lowest moisture content reading obtained for sap
wood adjacent mat formation was 38.9 percent. 

The survival of the oak wilt fungus in lumber 
sawed from wilt killed trees appears to be relatively 
short-lived. In boards cut in February and stacked for 
air drying, the fungus was recovered from some boards 
at the time of cutting and 37 days after cutting, but 
not 69 days after cutting. All boards had wane and had 
average moisture contents of 74.4 percent, 44.5 per
cent, and 27.3 percent, respectively. In boards cut and 
stacked in April, the fungus was recovered from some 
boards at the time of cutting and from none 21 days 
after cutting. All boards had wane and the average 

moisture contents were 67.9 percent and 34.3 percent, 
respecti vel y. 

Two distinct strains or compatibility types of the 
oak wilt fungus are known to exist. Only when strains 
of opposite compatibility type are brought together 
under favorable conditions does the so-called perfect 
or sexual stage of the fungus develop. The majority of 
isolations from naturally infected trees have yielded 
only one or the other of these compatibility types. 
Likewise in those cases examined, all spore mats pro
duced on a given tree are of the same compatibility 
type. The sexual stage of the fungus develops in nature 
on spore mats, but it has been found only on mats that 
have been exposed by bark cracks. It has been postu
lated, therefore, that certain insects that are attracted 
to the fungus mats are responsible for introducing the 
strain of the opposite compatibility to such exposed 
mats, with the resulting development of the sexual 
stage. Experimentally, in trees that were inoculated 
with mixed strains of the fungus and which were sub
sequently sampled extensively during the growing 
season, after oak wilt symptoms developed, the distri
bution and segregation of the oak wilt organism was 
such that there appeared to be a selection and survival 
of only one fungus compatibility type. However, ex
tensive sampling and culturing was done on the boles 
of several such trees during the fall and winter. The 
results showed that both compatibility types of the 
fungus may survive and become widely distributed 
through the bole in such a manner that both types 
may be recovered from a fairly high percentage of the 
same samples, either separately or as mixed isolates. 

Recovery of the oak wilt fungus from the wood of 
diseased trees becomes progressively more difficult as 
the elapsed time between the death of the tree and the 
attempted isolation becomes greater. This appears to 
be due primarily to invasion and competition by sec
ondary, saprophytic organisms, rather than to the loss 
of viability on the part of the oak wilt fungus. No 
entirely satisfactory technique has yet been developed 
for the recovery of the oak wilt fungus in the presence 
of such contaminants. A comparative study of various 
culture media developed and recommended for the 
isolation of this fungus has been made. Malt agar, 
diamalt-oxgall agar, a synthetic, low sugar-phenyl
alanine agar, 2 percent water agar in culture dishes, 
and sterile distilled water in test tubes, were used in 
this study. A total of 237 wood samples from known 
diseased trees were used and portions of each sample 
were cultured at random on each of the various media 
Of a total of 1422 culture plates and tubes used, the 
oak wilt fungus was recovered at least once in 837 
instances. In these positive cases, recovery of the fun
gus on the various media was as follows: 2 percent 
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water agar, 98.8 percent ; synthetic, low-sugar phenyl
alanine agar, 90.6 percent; malt agar, 81.2 percent; 
sterile distilled water with wood chips, 80.0 percent ; 
diamalt-oxgall agar, 77 .11 percent; sterile distilled 
water with wood blocks, 64.7 percent. Contamination 
from wood inhabiting saprophytes was lowest on 2 
percent water agar, followed in order by diamalt-oxgall 
agar, synthetic low sugar-phenylalanine agar and malt 
agar. Air contaminants were least on water agar and 
inpeased in amount on diamalt-oxgall agar, malt agar 
and low sugar-phenylalanine agar, respectively: 
(Project 52) 

Improvement of Low Quality, Understocked 
Hardwood Stands 

P. Y. Burns, L. K. Paulsell, j. M. Nichols, R. H. 
Westveld, and G. A . Thompson 

The two sets of fire plots were burned according 
to the regular schedule set up in the work plan, and 
tree and soil measurements were made. Since both sets 
of plots have been under treatment and records have 
been maintained for 5 years, an analysis of data is in 
progress to determine whether the preparation of a 
manuscript on the results of this study would be desir
able. The analysis has not progressed far enough to 
reach a decision on this matter. 

The pruning work was confined largely to re
moval of water sprouts from the trunks of trees which 
had been pruned originally from one to two years ago. 
The development of water sprouts following the ini
tial pruning defeats, in part, what the pruning accom
plishes. Control of water sprouts must be accom
plished effectively if pruning is to be effective in im
proving timber quality. Preliminary analysis of some 
of the data on water sprouts throws some light on 
location of water sprouts and on variations in sprout
ing among different species. Water sprouts appear to 
be least abundant on the north side of trees. Trees in 
the lower crown class produce fewer water sprouts 
than trees in the upper crown classes. The white oaks 
appear to sprout more profusely than the black oaks. 
ApproXImately one-half of the scarlet oaks produced 
no water sprouts during a two-year period, while all 
white and POSt oak trees produced some water sprouts. 

The use of maleic hydrozide to control the devel
opment of water sprouts was explored but it is too 
early to report results. The cost of such control is like
ly to be too high to be practicable. 

Most of the time spent on the decay and defect 
study was devoted to the preparation of the manu
script referred to elsewhere. A new form for recording 
decay and defect data on individual trees was designed. 
Data were recorded on the new form on all trees that 

are to be cut on the permanent plots that were estab
lished during the summer of 1954 for Project 122 E. 

All surviving conifers on the plots established in 
1953 and 1954 were released from competing hard
wood trees. Survival and growth measurements were 
made on these plots also. 

The establishment of the 20 new plots provided 
for in the work plan of March 20, 1954 has been ac
complished. The ten plots which are to be planted in 
1955 have been prepared for the planting operation. 
(Project 79) 

Working Guide to Improve Native and Range 
Plants of the Ozarks 

C. L. Kucera and Clark Martin 

The study region includes several counties in the 
Southwestern Missouri Ozarks. "Glade" vegetation 
(prairie) is preeminent and constitutes a distinct physi
ognomy, but a hardwood complex (Quercus spp. being 
most important) is present also. The objectives of this 
paper were to understand better the floristics of this 
general area in terms of local environmental differ
ences. Forest and glade form rather distinct transitions 
which are attributed basically to soil depth differences. 
Other attendant factors such as soil moisture are also 
important. All soils of the region under the vegetation 
being studied are residual in character, with the rate of 
weathering and profile development conditioned by 
the nature of parent material. Where the glades occur 
typically, a very resistant, siliceous dolomite forms the 
parent material, which weathers only slowly and con
sequently the soil material is characteristically thin. 
The soil formation processes are more rapid under the 
forest because of more easily weathered limestone, but 
which contains a high level of chert. The chert being 
more resistant than the limestone results in a develop
ment which is relatively deep and stony. These factors 
combine to form a more favorable edaphic environ
ment for tree growth than that observed in glade situa
tions. 

To provide a quantitative evaluation of these 
differences, soil depth was measured. In the glade, 
depth ranged from 0 to 18 inches to bedrock. By con
trast, forest soil depths to consolidated rock were never 
less than 36 inches. 

The dominant species in the glade were Androp
oKon, little bluestem, a perenmal. An important annual 
was Sporobolus, baldgrass. Both are valuable sources of 
forage. Herbaceous growth in the hardwood stands 
was well represented by Lespedeza spp. and Desmoduim 
spp. Both are legumes and considered valuable sources 
of livestock forage. A principal grass is the genus 
Panicum of which there is a large number of species. 
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Post oak was locally abundant in some stands, running 
as high as 90 percent for specimens above 4 in. D.B.H. 
This was true on the more isolated knobs or spurs 
where greater exposure prevailed, and soils were less 
favorable . These knobs were immediately above the 
glade. On the more extensive uplands, other oaks were 
more prevalent, including the black, white, and scarlet. 
Arborescent species in the glade included the xero
phytic persimmon, red cedar, and yellow wood (Cotin
us). These species were thought to represent a relative
ly recent encroachment. 

In summary, the local variations in soil depth 
were thought to be responsible for the distinct dif
ferentiation of hardwood and grass vegetation in this 
region of the Missouri Ozarks. ( Project 79) 

Marketing the Timber Crop 

W. J. O'Neil, J. M. Nichols, R. C. Smith, L. K. PaulseN, 
G. A. Thompson, L. Leney, and R. H. Westveld 

On the basis of service tests, species of untreated 
posts were classified as durable, moderately durable, 
and non-durable. Of the preservatives and treatments 
tested, creosote applied in a 2 V4 hour hot bath fol
lowed by a I-hour cold bath and zinc chloride applied 
by soaking as through a tire tube were found to be 
most successful. Treatment prolonged useful life of 
fence posts 5 or more years. Surface treatment by brush 
was not effective in prolonging useful life. 

Fence posts located at Columbia were tested for 
serviceability. Of a total of 322 posts originally set out, 
88 are still standing upright in a serviceable condition. 
At Weldon Spring Experimental Farm, 770 posts in
cluding ash, hickory, cottonwood, elm, and black lo
cUSt were treated with one of three preservatives. Posts 
will be placed in a service test plot at Weldon Spring: 

Plans for grading lumber and correlating average 
sales price with graded and ungraded lumber were pre
pared. The project was discussed with several sawmill 
operators and arrangements were made to collect data 
at 4 sawmills in southern Missouri. 

Fifty-eight cull trees were felled from which 89 
logs were cut. A gross yield of 8,580 board feet of 
rough lumber was sawed from the logs . After 4 
months of air drying in stacks, 4,100 board feet suita
ble for paneling was graded, cut, and kiln dried. After 
machining to a pattern of our design, 3,780 board feet 
of paneling was obtained. Paneling was separated into 
3 grades: 

Wapella-essentially clear boards 
Osage-small streaks, knots, and splits per

mitted 
Montauk-defects not restricted. 

These panel grades were correlated with standard 

lumber grades. Time and cOSt records were kept on 
each phase of processing. Final computation of COSt 
and selling of paneling remain to be completed. (Pro
ject 120) 

Reproduction and Forest Stand 
Improvement Cuttings 

P. Y. Burns, L. K. Paulsell, P. W. Fletcher, R. C. Smith, 
J. M. Nichols and R. H. Westveld 

Remeasurement of the cottonwood thinning 
plots were made and the data recorded. No new work 
was undertaken. Six additional one-acre plots were 
established adjacent to the 12 plots established in 1953 
in an immature oak stand. Initial measurements and 
records were taken in accordance with the project 
plan prior to any application of treatments. Treat
ments were randomly assigned. On each of 3 of these 
plots, 50 crop trees were chosen on the basis of tree 
quality, vigor and spacing. All other trees whose 
crowns were within 8 feet of the crown of a crop tree 
were removed, thus obtaining the effect of a heavy 
thinning around crop trees. On each of the remaining 
3 plots, 100 crop trees were chosen and all other trees 
were removed. Crop tree information including 
measurements was transferred to IBM cards to facil
itate future analysis. An informal study of mortality 
que to drouth showed that crop trees on the check 
plots (1953 ) suffered most severely while crop trees 
on the moderately thinned plots (1953) were least 
affected. It is interesting to note that although the 
crop trees were generally of high vigor and good con
dition, many died as a result of prolonged drouth. 

In October 1954 60 mil-acre reproduction plots 
were established within 15 growth plots established in 
April 1954. The location is in the north part of Block 
15, Weldon Spring Experimental Farm, which was 
partially cut the previous winter. Tree reproduction 
existing after logging was tallied by species on each 
plot. Data were not analyzed because the results are 
not needed until the next remeasurement in 1959. 

No timber sales were made at the \'<7 eldon 
Spring Experimental Farm because of the depressed 
market for special products such as stave bolts. Three 
hundred sixty-seven white oak trees containing stave 
bolts were marked and advertised for sale, but no bids 
were received. Several saw mill operators who might 
be interested in continous operation on saw logs have 
been contacted, but a suitable operator has not been 
found. It is important that an operator be found as 
soon as possible in order that regular annual cuts of 
saw logs can be made. 

A set of six one-acre plots were established at 
the University Forest in an all-age stand of oak with 
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a small component of immature pine. Mature and 
over mature trees occurred throughout the plots. All 
plots included a considerable number of merchantable 
trees. Initial measurements and records were taken and 
the treatments or methods of cutting were randomly 
assigned. Treatments included check or control, high
grade, 11 inch diameter limit, 15 inch diameter limit, 
salvage and marked silvicultural cut. Plots were 
marked for cutting according to their assigned treat
ments. Trees to remain after the cutting were tagged 
to permit future analysis of growth. Photographs were 
taken to record condition prior to the application of 
the treatments. No actual concrete results will be 
available for a number of years since a cutting meth
ods study must be on a long-term basis. 

A similar set of six plots was established at the 
Weldon Spring Experimental Farm. Complete data 
were recorded on these plots also. (Project 122) 

Ecological Studies in Forestry 

P. G. Liming, S. C. Martin, N. P. Rogers,). M. Nichols, 
L. P. Schoonover, P. W. Fletcher, L. K. Paulsell 

and R. H. Westveld 

The mast crop in both upland and bottomland 
oaks was very light in the fall of 1954 as it was in 
1953. The brief duration of this work does not permit 
the definition of a so-called "norm." Some trends are 
evident on the basis of the two drouth year produc
tions, but nothing at all decisive relating crown dia
meter relationships is apparent. 

Intensive insect damage studies of the mast of 
Shumard oak (Q. shumardi), black oak (Q. Velutina) , 
white oak (Q. alba), and swamp white oak (Q. bi
color), mdicate that beetle or acorn weevil (Curculio 
spp.) is the primary mast destroying insect. The adult 
female pierces the ovary wall and deposits eggs. 
Various moth larvae of the Family Blastobasidae are 
associated with insect damaged acorns, but they ap
pear to be secondary organisms that gain entrance 
through breaks in the ovary walls created by the 
weevils. 

The selectivity of weevil species to either the 
black or white oak groups or to individual oaks is 
under investigation. Weevil and moth larvae have 
been collected from individual trees of both oak 
groups and further investigations to determine weevil 
species and their occurrence are being conducted. The 
identification of weevil species from larvae is a dif
ficult systematic problem and will require extended 
study. 

Weevil infected acorns of shumard, black, white 
and swamp white oaks have been placed in copper 
screen traps under forest conditions. It is hoped that 

adult beetles may be obtained from these traps in the 
fall of 1955. 

The time of emergence of adult weevils is closely 
correlated to degree of maturity of the mast crop. The 
first adult beetles were collected in Boone County in 
late August. 

Fifty tagged northern red oak acorns were placed 
adjacent to 16 permanent quadrats on the Ashland 
Wildlife Area. These acorns were well developed and 
free from insects. By midwinter 1955, an indication 
of wildlife pressure was becoming apparent and by 
late spring 1955, more complete interpretations will 
be possible. ( Project 124) 

Economics of Timber Production 

R. C. Smith, P. Y. Burns, R. H. Westveld 
and G. A . Thompson 

One forest landowner was visited for the purpose 
of securing income data, but his records were too 
fragmentary to be usable. Two growth plots-one 
in McDonald County and one in Barry County -
were established. The trees on 80 of the permanent 
growth plots in 23 counties were examined for drouth 
mortality. Slightly less than one percent of the trees 
had died during 1952 and 1953. Tree deaths occurred 
more commonly in dense than in open stands. During 
1954, it was evident that some species did not with
stand the drouth as well as others. Scarlet oak was 
affected more adversely than other species, followed 
by black oak. Post oak, hickory, and shortleaf pine 
have resisted the drouth best. On some plots in south
eastern Missouri on broad ridge tops with thin soils 
mortality was much higher than in other parts of the 
state. Here mortality reached 12 percent of the trees. 

A method of using aerial photo maps was devised 
to collect unbiased information on forest land having 
little present value for other uses. For a 14-county 
section in the Eastern Ozark Region, areas which were 
predominantly forest were located on aerial photos. 
Tax records, for a 10-year period, were obtained from 
county tax collectors books. For comparison, a smaller 
sample was taken for land at least 80 percent cleared 
for farming. 

The size of the sample taken for 1953 is indicated 
by: 

Porest Parm 
Total number of tracts 462 140 
A v. number per county 33 10 
Total area, acres 67,000 11,000 
Analysis of data shows that the average assessed 

value for taxes per acre for 1953 was $3.86 for forest 
land and $11.62 for agricultural land (including im
provements and structures). The average tax per acre 
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was 9.3 cents for forest land and 28.0 cents for farm 
land. During the period 1944 to 1953 assessed values 
increased slightly but taxes per acre increased 63 per
cent for both forest and farm land. (Project 124) 

Forestation 

R. B. Polk, J. M . Nichols, R. H. Westveld 
and G. A. Thompson 

Following study of aerial photographs in con
junction with considerable field explorations, old-field 
sites along two main ridges on the Weldon Spring 
Experimental Farm have been selected for one phase 
of the work. Verbal agreement for such use of these 
areas has been reached between Weldon Spring per
sonnel of the Animal Husbandry and Forestry Depart
ments, but formal written agreement is awaiting other 
decisions in the general land-use plans for that tract. 

Location of areas in other parts of the state does 
not seem feasible at present. Personnel and equipment 
are not available for a rapid expansion of forestation 
research on a state-wide basis; and agencies adminis
tering such public lands as would be suitable for this 
work are usually not prone to set aside areas for use 
at some indefinite time in the future. Even had all 
necessary facilities been available, however, for a 
simultaneous establishment of field studies in various 
sections of the state, the extended drouth had so re
duced moisture in all soil horizons that it would have 
seemed inadvisable to initiate forestation studies dur
ing the past year. (Project 157) 

Effect of Forest Cover on Soil and 
Water Resources 

P. W. Fletcher, L. K. Paulsell, K. G. Reinhart, 
Verne Alexander, G. A. Thompson, H. C. Balon 

and R. H. Westveld 

Preliminary relationships between rainfall and 
runoff over a thirty-one year period for the months of 
February, March, and April, when monthly runoff 
is usually most responsive to monthly rainfall, reveal
ed that the regression for the St. Francis River differs 
noticeably from that for the Current and Black Rivers 
as follows: 

Month 
February 
March 
April 

Slope ' or Regression Coefficient 
Current and Black St. Francis 

.323 - .357 .686 

.406 - .476 .783 

.675 - .697 .907 

The higher values in each month for the St. 
Francis River indicates that its watershed possesses 
fundamental differences in its physical nature. Further.
more, a comparative study of the August and Septem
ber records shows just the reverse, namely, the Current 

River yields more streamflow than the St. Francis. The 
physical differences which might be related to these 
water yield differences could be among the following 
relative generalizations. 

Current River St. Francis River 
Area in open farm land small moderate 
Presence of big springs numerous infrequent 
Geologic formation limestone granite porphyry 
Topography rough moderate 
Population small large 
Soil Clarksville Ashe 

If further study of these two basins should quanti
tatively substantiate these generalizations, it might be 
justifiable to conclude that the Current River behaves 
like one from a forested watershed, whereas the St. 
Francis River has the characteristics of a river flowing 
from cultivated land. 

Summarizing 31 years of Weather Bureau and 
Geological Survey records for five drainage basins in 
the southeastern Missouri Ozarks shows the follow
Ing: 

Annual precipitation 
Annual runoff by streamflow 

Annual losses to runoff 

Inches 
44.63 
16.50 

28.13 
Summary records from two years of soil moisture 

observations (1953 and 1954 drouth years) show that 
dense forest stands annually transpire 10 inches of 
water. Thus, the 28.13 inches of water which is held 
on the land is divided up as follows: 

Inches 
Annual evaporation 18 
Annual transpiration 10 
Daily observations on the eight soil moisture 

plots at the University Forest were discontinued on 
Dec. 31, 1954 after 26 months of record. This record 
contains a continuous record of soil moisture (1) with 
and without pole-size hardwoods (2) with and with
out forest litter. The record shows the slow winter 
build-up after the 1952 drouth, the 1953 and 1954 
growing season depletions, and the fall build-ups dur
ing these two years. Final progress reports await com
putations and summary tabulations planned for next 
year. 

Weekly growing season observations of relative 
soil-moisture between Forest Service pine stocking 
study plots on the Bunker Unit, Sinkin Experimental 
Forest, indicate that the increased growth of thinned 
pine stands is correlated with increased soil moisture 
available. Furthermore, a small amount of understory 
hardwoods is an exorbitant user of soil moisture. 
During drouths, characteristic of Ozarks summers, 
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these understory hardwoods use the limited soil mois
ture which is available at the expense of the overs tory 
shortleaf pines. (Project 158) 

Utilization of Native Timber and Residues 

Lawrence Leney and R. H. Westveid 

Twenty-four wood-using plants were either visit
ed for the first time or revisited after' an interim of a 
year. Many of the problems observed are ones for 
which there is a real solution from information now 
available. In the smaller plants there is often a definite 
lack of knowledge about the research findings con
cerning wood. The problems encountered in the year 
ma y be classified as follows: 
1. Low grade lumber. 
2. Utilization of wood residues (waste) ie: sawdust, 

chips, defective cuttings, slabs, edgings. 
3. Drying and shrinkage difficulties ie: warpage of 

sycamore and elm lumber. 
4. Improperly sawn lumber. 
5. Failure of red (heartwood) hickory in service. 
6. Powderpost beetles in hickory handles. 
7. Species of hardwood which are not utilized due to 

either a lack of knowledge about their properties 
or a lack of techniques for controlling the develop
ment of defects eg.warpage in drying, difficulties 
in machining. 

Specimen boards of post oak and black oak have 
been weighed periodically to determine if there is a 
significant change in moisture content with the 
change in season. As the tests are not complete the 
moisture content has not been accurately determined. 
Calculations show a change of less than two percent 
moisture content from summer to winter. 

Observations of the action of end checking in a 
total of 50 logs of black oaks and post oaks show end 
checking to be evident within 24 hours of felling the 
tree during hot dry conditions. Large splits will de
velop in the heartwood in four days time, but there 
is no checking of the sapwood. The checks are small 
with some logs developing two or three large central 
splits (heart shake). The latter condition is reported 
by lumbermen to occur in the standing tree. Of the 29 
red oak logs observed at the time of cutting, only 7 
showed the start of heart shake. The splits were less 
than two inches in length in most every case. The 
appearance of the heartwood in these trees indicates 
a possibility that the center of the tree dried bel?w 
the fiber saturation point while the tree was standl11g 
but this must be accurately tested before a conclusion 
is reached. 

Apparatus for the observation of cutting action 
has been assembled but no results are ready to report. 

Approximately 200 board feet of low grade lum
ber with various defects were chosen for a variety of 
knots and other defects. After being surfaced in an 18 
inch Yates-American J-180 surfacer the amount of 
degrade was determined by comparison Qf photo
graphs. The degree of chipout is much less than antic
ipated after discussing the problem with industrial 
personnel. 

Data were obtained on the amount of wood resi
dues being produced by flooring mills in the form of 
sawdust, planer chips, and defective pieces cut out of 
the wood during manufacture. All mills have not yet 
reported their production figures so the data will not 
be summarized here. The data available show wood 
residue volumes as high as 60 percent of the rough 
lumber used. By applying the following formula a 
close estimate of residue volumes can be determined 
for the manufacture of flooring from the average run 
oflumber in Missouri: 

1 
_ 56 x bd. ft . flooring 'd = percent res! ue 

bd. ft. rough lumber 
This formula takes into account the thickness of 

green lumber and the wood removed by the side
matcher. The flooring mills do not consider these in 
calculating percent waste. 

The wood residue for the three mills reporting 
totals nearly 25 million board feet per year. Much of 
this is used as fuel for the power plant. Some is sold 
as firewood or dry sawdust bedding for animals. A 
varying amount goes to the waste burner where it 
represents an overhead cost in equipment and main
tenance. The lumber at six flooring mills was meas
ured for length and thickness. A random sample 
shows an average of 1.11 inches with a standard devia
tion of 0.18 inches. A standard deviation of this size 
shows the large spread in thickness to be expected 
of "one-inch" lumber being sawed on the small port
able sawmill common to Missouri's lumber industry. 
The sample measurements of lengths showed that 
the lumber averaged 0.47 feet longer than the nominal 
length; ie, eight foot lumber averages 8.47 feet in 
actual length. This was a check on the amount of 
trim length being allowed by the logger. (Project 159) 

Utilization of Native Timber and Residues 

Lawrence Leney 

A. a. The survey of the wood-using industries of the 
state will be extended. Visits will be made to 
wood products plants which have not been 
previously contacted. Some plants visited in 
past years will be revisited to determine 
changes taking place in the industry. 
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b. Industries throughout the state will be contact
ed. 

c. The survey will be carried on intermittently 
throughout the year. Plants to be visited will 
be determined at a later date. 

d. Information will be obtained by personal in
terview with production personnel and by ob
servations made when visiting work areas. 

e. Records to be kept 
1. Materials used in manufacture 
2. Methods of handling 
3. Steps required in manufacture 

B. a. A combined study of the relationship of mois
ture content of the standing tree, shrinkage 
characteristics, specific gravity, rate of growth, 
and sensitivity to checking will be carried out 
using woods of known origin. 

b. The work will be done at University Forest 
and Columbia. Sample trees may be obtained in 
other parts of the state. 

c. The time required to do the work is indefinite. 
Five or more specimen trees will be studied for 
each species. This year only post oak, Quercus 
stellataj scarlet oak, Q. cocineaj and black oak, Q. 
velutina, will be collected. As many trees, up to 
thirty, will be collected as funds permit. 

d. Known specimens of post oak, scarlet oak, and 
black oak will be procured with the objective 
of obtaining wood with as wide a range as pos
sible in rate of growth, specific gravity, and 
type of site. Butt logs will be cut nine feet long. 
A cross section disc 2 to 3 inches thick will be 
cut from each end. From these discs will be cut 
sample blocks for determination of moisture 
content. The remainder of the disc will be 
kept in the green condition until measurements 
can be made of shrinkage. The specific gravity 
based on green volume will be determined and 
correlated with rate of growth. The ends of the 
log will be end coated with a good end sealing 
compound to prevent drying. When sufficient 
number of logs have been collected at the mill, 
they will be sawn into lumber and piled for 
fast drying. The lumber will be watched for 
sufficient time to determine surface checking 
characteristics. The technique for this deter
mination will be worked out by preliminary 
tests. Sample boards from an average position 
in the log will be coated with a moisture barrier 
to prevent loss of moisture until ready for 
laboratory tests of check development. In the 
laboratory in Columbia the sample boards will 
be surfaced free of the moisture barrier and 
then examined with a microscope during check 

formation under controlled drying conditions 
of known temperature and relative humidity. 
(Project 159) 

Inferior Tree Species Control 

J. M. Nichols and L. K. Paulsell 

The object of this study is to test 6 chemical 
treatments on persimmon in an attempt to find an 
economical method of controlling this species. 

Eighteen plots of persimmon treated with 6 
chemical applications in February, 1955 according to 
work plan. Results are to be taken annually near the 
end of the growing season starting in 1955. 

The effectiveness of 9 chemical treatments used 
in a cost study initiated in 1953 could not be accurate
ly determined in 1954 due to foliage discoloration and 
mortality due to drouth. Results will be taken in 1955. 
(Project 166) 

Marketing Christmas Trees 

R. B. Polk,]. M. Nichols and R. H. Westveld 

A preliminary conference was held November 12, 
1954, with Professors J. \'\1 end ell McKinsey and J. C. 
Grady of the Agricultural Economics Department. 
Apparently no records are kept by any of the state 
agencies or institutions on any phase of the Missouri 
Christmas tree market. Professors McKinsey and 
Grady suggest an approach through (1) railroads (for 
shipment records), (2) the State Highway Depart
ment (for any records of tree shipments by truck as 
obtained at weighing stations), and (3) a direct ap
proach at wholesale, retail, and consumer levels. Some 
exploratory work was deemed necessary before a satis
factory survey approach can be developed. There are, 
for example, available as check on inventories by 
transportation agencies periodic marketing reports at 
large wholesale distribution centers. The St. Louis 
Daily Market Reporter provides a continuous record 
of rail movement of Christmas trees into the St. Louis 
market by carload lots. It was further suggested that 
Missouri Department of Resources and Development 
be contacted for possible information and suggestions. 

Three large wholesalers were contacted Dy 
Nichols during the Christmas season. Practically all 
trees handled were balsam fir from Canada. One dealer 
handled nothing else, one included some jack pine, 
and the other had several species that included jack, 
Scotch, and red pines. 

One of these dealers mentioned having had 15 
carloads. Apparently, they deal only in bundles that 
contain from 1 to 8 trees, depending on size. This 
dealer indicated his cost to be about four dollars per 
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bundle. 
One wholesaler suggested need for a grading 

system, whereby wholesalers and retailers would know 
what they are getting. (Note: This is a national clamor, 
and a tendency of dealers to change species frequently 
has been noted, probably in an effort to obtain trees 
of better quality.) Some dealers handled painted trees 
on a large scale. One painted the trees himself, mixing 
his own paint. 

Approximately six hundred jack pine were mar
keted from the Weldon Spring plantings of 1950. 
These moved readily and were generally popular in 
competition with out-of-state trees. Many people 
objected to the characteristic winter yellowing, and 
some refused to buy a jack pine because of this. Better 
quality trees moved promptly, and would probably 
do so even if prices were marked up in accordance 
with relative values. There is a noted retail sale pat
tern whereby trees are "high-graded" during early 
stages of the sale, with premium and good-quality 
trees moving rapidly ; as the sale progresses, tree move
ment slows as quality declines; and the number of 
refusals from prospective buyers increases, even if re
maining trees are offered at decreased prices. 

Some retailers in St. Louis apparently recognize 
grade as a basis for price differential, even though they 
are not supplied at wholesale on a grade consideration. 
One retailer, for example, showed a 4-foot, dense 
Scotch pine of excellent quality which he was retailing 
at $6.00, about three to four times the average price 
for trees of this size. 

All dealers, both wholesale and retail , expressed 
strong and immediate interest in locally grown trees. 
Jack pine grown at Weldon Spring was considered 
superior to shipped-in trees of that species. Color was 
the only real basis for objection, a factor that does 

* * * 

place many jack pine trees at a disadvantage with 
other species. 

Some trees were sprayed with various paints and 
lacquers by way of preliminary tests , using materials 
supplied in test quantities by the Glidden Company 
and the Paint Division of the Pittsburg Plate Glass 
Company. Nichols found at Weldon Spring that ap
pro:?Cimately one in ten buyers preferred a painted tree 
at twice the price of unpainted trees. One florist in 
Columbia had 4-foot, white-painted trees at $6.25 
each. In sales at Weldon Spring and Oolumbia, trees 
of white, silver, and gold colors moved readily, blue 
slowly, and pink hardly at all. 

Storage tests indicate that painting has a pre
serving influence on the trees, suggesting the pos
sibility of earlier cutting in preparation for marketing. 
The painting of trees offers a medium for marketing 
at good prices those trees that would otherwise be 
unacceptable because of poor color. 

Trees from Weldon Spring were moved both at 
wholesale and retail, with the latter proving much 
more profitable. With regard to the wholesale market, 
preliminary contacts indicate two things: (1) A large 
number of trees is needed to operate effectively at the 
wholesale level ; and (2 ) it is more profitable to short
cut the large distributor as a middle man and deal 
directly with the retailer, but it would be necessary to 
take orders early, since the prevailing practice is for 
suppliers to take orders early, often during the first 
half of the calendar year. 

At the retail level, there is an apparent trend 
toward increased marketing through service organiza
tions, who frequently undertake a Christmas tree sales 
project as a source of special funds, often for charitable 
purposes. (Project 245) 

* * 

Home Economics 
E. S. Hensley, Chairman 

Food Preservation and Utilization 

Margaret W . Mangel ~nd Katerine Singleton 

Spectrographic curves of pigments in solutions 
under a number of treatments have been calculated to 
the millimolar basis. Comparisons of these curves 
have been made. Data are being evaluated and inter
preted and will be reported during the coming year. 

(Project 87) 

Nutritional Status of Older Women 

Margaret Mangel, Ernestine Frazier, J. H . Springer, 
Sara F. Madden and Helen Gordon 

Phenylalanine and methionine content of the 
mixed diets of nine additional subjects for two five 
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day periods each has been determined. This completes 
work in isoleucine, valine, phenylalanine and threo
nine content of the diet of the twelve subjects studied 
during third year of experiment. 

Preliminary work for a controlled study on the 
lysine requirement of women on a semi-purified diet 
was begun-diet plans, analysis on amino acid content 
of foods, etc. 

Energy determinations of the diets of nine women 
studied in 1951-52 were made by bomb calorimeter 
and by proximate analysis. Four modifications of 
methods of fat determinations were done on these 
diets. Fiber and ash were also determined. Data from 
this study are now in process of analysis, and will be 
reported in thesIs form in June. (Project 95) 

Consumer Acceptance and Preference for 
Meat and Meat Products 

D. E. Brady, Elmer R. Kiehl, E. S. Hensley, V. J. Rhodes, 
and Neil Wilson 

Evidence from various parts of the experiments 
indicated that many respondents had rather weak pre
ferences which would be easily influenced by price 
changes. The extent of preferences for the lower grades 
at equal prices was contrary to the expectations of 
expert opinion. No strong relationship of preferences 
to certain socio-economic consumer characteristics was 
found. 

Several physical attributes of beef affect grade pre
ferences. The order of importance of these attributes 
among the experimental steaks was: amount of ex
ternal fat, color of lean, marbling, texture, color of fat, 
and amount of bone. The order was about the same 
for roasts. 

Reasons given for preferring a particular areal size 
of steaks indicated that consumers were considering 
more their visual appearance as to quality and relative 
amount of fat than they were their appropriateness 
for providing the respondent or his family with a 
pleasing serving at an acceptable cost. 

Most consumers want tender beef with only a 
moderate amount of fat. They may be willing to sacri
fice some of the flavor and juiciness commonly as
sumed to be associated with heavy well-finished cattle 
in order to obtain lean, tender cuts. Effective tenderi
zation of beef either at the production or processing 
level is greatly needed. A large minority of respond
ents tried to tenderize steaks and roasts. 

Modal preferences of consumers were found for 
"juicy" steaks cooked well done. A majority of re
spondents customarily fried steaks and cooked roasts 
with dry heat. Considerable other data about con
sumer desires and habits and their association with 

socio-economic characteristics were found. 
Most consumers know almost nothing about 

present federal grades. A majority of respondents were 
unable to associate visual and eating characteristics of 
steaks or roasts . 

On the basis of this analysis , detailed plans for 
studying eating preferences were made. The first step 
in this plan is a cross-classification of carcasses by grade 
and weight and eating tests by a trained panel to mea
sure the differences among classes. The panel work 
began in February 1955. The development of discrimi
nation distances among weights and grades should be 
of material assistance in determining what classes may 
most effectively be used in preference testing among 
consumers. This panel testing is also expected to in
dicate to some degree the effectiveness of the grading 
system in classifying a heterogeneous beef supply into 
more homogeneous classes. (Project 109) 

Utilization of Processed Food 

L. G. Maharg, Marilyn Holman, Margaret Mangel 

and Georgia M. Amick 

This research pro ject is still in the pilot stage 
due to a heavy [eaching schedule of the research 
workers and no graduate help available. 

Thirteen formulas have been tested. Four of these 
have been refrigerated nine months. At the end of six 
and nine months each formula was checked by using 
some in biscuits. The judging panel reported no off 
flavors. (Project 130) 

A Study of the Textile Products in 
Children's Clothing 

Adelia E. Ginter 

A questionnaire was prepared for recording data. 
During the summer of 1954 twelve families with chil
dren were interviewed for a sample study of the ques
tionnaire. The results were analyzed for content, form, 
workability and possibility of statistical treatment. A 
revision of the original questionnaire was then made. 
No further work has been done. 

Two qualities of boy's cotton flannel shirts and 
the yard goods used in the shirts have been purchased 
in the Columbia market. A sufficient number of shirts 
have been purchased (1) to permit the testing of 5 in' 
each quality after being worn and laundered 5, lO, 15, 
20,25, and 30 times. (2) to permit the testing of 5 in 
each quality after being laundered lO, 20 and 30 times. 
Sufficient yardage of the 2 qualities of fabrics have 
been purchased to permit fabric analyses. 

Shirts in eight year old sizes are being rotated for 
wear among twenty boys who wear each shirt one 
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school day. The shirts are then brought back to the 
laboratory and laundered in an automatic washer with 
agitator action . The temperature of the water, wash 
period and fabric load are kept constant. A sufficient 
,amount of neutral soap is used to produce a lasting 
suds. The water used is softened by ion exchange. The 
shirts are dried in an automatic dryer and ironed in a 
rotary iron following a uniform procedure. At the 
present time the shirts have been worn and laundered 
about 25 times. 
The testing completed to date includes: 
1. Measures made on the unused fabric for 

a. Yarn construction-ply, twist and number 
b. Weight 
c. Breaking strength and elongation 
d. Abrasion as measured by breaking strength 
e. Shrinkage 

2. Testing is being done on the shirts discarded after 
five and ten days of wear and laundering and on the 
unworn shirts after ten launderings for: 
a. Weight 
b. Breaking strength and elongation 
c. Shrinkage 
d. Effects of construction details 

3. The data obtained are being analyzed. (Project 162) 

* * * 

Studies to Improve .Food Utilization, etc. 

Marialice Cunningham and Margaret Mangel 

This research reports the work done on develop
ing and standardizing recipes for teething biscuits and 
cookies with high nutritive value. The ingredients 
used as bi"Own sugar, honey, molisses, whole grain 
cereals and milk, contain much of their natural food 
values, therefore have a real contribution to make to 
the daily food needs. 

No work has been done beyond preparation of a 
questionnaire on this project. It is hoped that the sur
vey might be conducted in the coming year. (Project 
163) 

Testing Flours 

Leta G. Maharg, Virginia Kloeris and J. M. Poehlman 

The object of this experiment is to test and evalu
ate varieties or selections of experimentally milled 
wheat flours for their use in making cakes and cookies . 

All tests have not been completed and results are 
not available for 1954 wheats. Pictures will be taken 
and made available. (Project 205) 

* * 

Horticulture 
R. A. Schroeder, Chairman 

Water in the Production of Horticultural Crops 

A . D. Hibbard, V. N. Lambeth, Lawrence Brown 
and Mohsen Nour 

The utilization of soil moisture by peach trees 
was followed through two growing seasons at the 
Campbell Experiment Field at Campbell, Missouri. 
This orchard was divided into two blocks; one part 
received supplemental irrigation while the other part 
had only natural rainfall. During 1953 the irrigated 
trees produced fruit which was about ~ inch larger in 
diameter at harvest. Also the fruit matured earlier and 
carried more red color. The irrigation treatments were 
repeated in 1954 on the same sections of the orchard. 
The irrigated trees produced about three bushels each 
of good quality frui-t: while the unirrigated trees yield
ed about one-half bushel each of very poor quality 
fruit. 

At the beginning of the experiment on June 22 , 
1953 the soil moisture had been depleted to about 35 
percent of field capacity in the upper four feet. By 
July 1 it had fallen to 20 percent. This was followed 
by a period of slow depletion until by August 1 the 
entire profile to this depth had been depleted to the 
wilting point. The soil remained at this point until 
November 27th. There was a gradual increase from 
winter rains until May 1, when the entire profile was 
at maximum field capacity. Although about eight 
inches of rain occurred between May 1 and July 1, 
1954, the trees depleted the stored reserve to 33 per
cent of field capacity of that time. This represents a 
total utilization of 14 acre inches of water. By July 
17th the soil was completely exhausted to the re
corded depth. A 2 Y.2 inch rain in mid-August welled 
the upper foot but the lower block readings remained 
unchanged until fall rains around October 1 partially 
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replenished the soil reserve. Moisture was utilized by 
the trees until frost defoliated the trees. The irrigated 
orchard received 11 inches of water in 1953. A 2 inch 
application on June 22 and a similar amount on July 
14 maintained a fair supply un,til August l. From 
August 14 until the next irrigation on September 9 
the only available soil moisture was at the 4 foot 
depth or below. The final irrigation was applied on 
October 29. These trees utilizC"d about 2;..2 inches of 
water during the month of October. 

In 1954 the trees irrigated in 1953 depleted the 
soil moisture at a faster rate than those which had not 
been irrigated the previous summer. This suggests 
that there had been considerable injury to the root 
system of the trees growing without irrigation. 

It is of interest to note that the most rapid deple
tion occurred at the 2 foot zone. The three foot zone 
was next with moisture being withdrawn less rapidly 
at the one foot level. The slowest depletion occurred 
at the 4 foot zone. 

The trees apparently utilized 46 inches of mois
ture during the period trom May 1 to October l. Of 
this amount 23 inches were from precipitation, 19 
inches from irrigation, while there was a depletion of 
six inches in the available soil reservoir. Only twice 
during the growing season did the entire 4 foot profile 
fall to the wilting point. Such readings were followed 
immediately by an irrigation. 

During this six-month period some part of the 
profile was at the wilting point for a total of ten 
weeks, whereas in the non-irrigated plots the entire 
root zone was at the wilting point for the same length 
of time. Moisture utilization was determined for cer
tain weeks without rainfall or irrigation by determin
ing the apparent depletion of soil moisture content 
through the differences in moisture block readings at 
the beginning and end of the period. 

Not all of this four-part study can be included in 
this resume. (Project 1) 

Nutrition of Fruit Crops 

H. G. Swartwout, A. D. Hibbard, D. D. Hemphill 
and A. E. Murneek 

Samples of leaves for ash analysis were secured 
from regions of the state not sampled in previous 
years. This year samples were secured mostly from 
orchards in the western and northwestern parts of the 
state. Most orchard leaf ash determinations indicated 
ample uptake of magnesium, calcium and boron. Po
tassium and phosphorus frequently approached levels 
considered to be on the border line of deficiency. 
These low levels may have been a reflection of the 
serious drouths of the last two years. These nutrient 

elements were usually in a higher concentration in 
those orchards which were under irrigation. These 
findings support the pot culture experiments abstract
ed above. 

The leaf analysis results from comparable blocks 
of irrigated and non-irrigated apple trees are given in 
the following table. 

THE EFFECT OF IRRIGATION ON THE LEAF 
CONCENTRATION OF PHOSPHORUS AND 

POTASSIUM 

Orchard Location 

Potassium 
% dry 

Treatment Phosphorus weight 

1 

2 

3 

4 

Boonville 
apples 

Waverly 
apples 

Waverly 
apples 

Campbell 
peaches 

Average 

% Dry weight 
Irrigated .13 1.38 

none .10 1.13 
Irrigated .19 1.25 

none .07 1.00 
Irrigated .26 1.30 

none .13 1.02 
Irrigated .11 1.50 

none .06 1.25 
Irrigated .18 1.36 

none .09 1.10 

The depressing effect of drouth on leaf potassium 
was counteracted by fertilization with this element in 
a peach orr hard on Lintonia fine sandy loam in south
eastern Missouri as shown in the following table. 

POTASSIUM CONTENT OF PEACH LEAVES UNDER 
IRRIGATION AND POTASSIUM FERTILIZATION 

Irrigation Fertilizer Treatment 
Treatment No Fertilizer Potassium 

No irrigation 1.25 1.87 
Irrigation 1.50 2.12 

Under this project a cooperative national survey 
of the nutritive status of Red Delicious apple orchards 
was carried out. These results show that nutritive con
ditions in Missouri apple orchards were similar to the 
national acreage except in the case of potassium and 
calcium. The Missouri orchards were somewhat lower 
in potassium 'and higher in calcium. The notable ex
ception was noted with manganese. The concentration 
of this element was almost double the amount found 
in the average leaves in the Delicious orchard. This 
indicates that apple orchards on unlimed soils in the 
Ozark region of Missouri may be suffering from 
toxicity of this element. (Project 4) 

Antibiotics and Other Substances in Controlling 
Horticultural Diseases 

R. N. Goodman, D. D. Hemphill and B. S. Morgan 

RESULTS from antibiotic sprays in commercial or
chards for fireblight control in 1954: 
a. Experiments in 1954 demonstrated that the number 

of sprays necessary to provide good control was 
3 or 4 sprays rather than 6 or 7 as was indicated in 
1953. 
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b. Experiments in 1954 demonstrated that antibiotic 
concentrations could be reduced to 50 and perhaps 
even 25 ppm total antibiotic as opposed to 100 
ppm, the minimum concentration evaluated in 
1953. 

e. A two spray schedule was found to be ineffective 
where fireblight infestations were severe. 

d. A 5-7 day interval between sprays provided excel
lent control. 

e. Two years data demonstrate that as many as 6 
sprays at concentrations as high as 100 ppm do not 
adversely affect fruit set, development, finish or 
foliage. 

f. Spray schedules initiated at 10-20 percent of full 
bloom provide the best control. 

RESULTS from laboratory in vitro screening of 10 
antibiotics and 2 anti-bacterial substances with respect 
to their activity against 14 plant bacterial pathogens. 
a. Plant bacterial pathogens are, in the main, as sen

sitive to antibiotics in vitro as are human and ani
mal bacteria. 

b. The in vitro concentration for most antibiotics 
necessary to inhibit growth of most of the test 
pathogens was less than 1 ppm. 

e. The most effective antibiotics in vitro were Aureo
mycin, Terramycin, Tetracycline, Streptomycin 
and Streptothricin. 

d. There appeared to be very little strain difference in 
sensitivity to antibiotics. Two pathogens and 4 
strains of each were used in this experiment. 

e. Stimulative effects on growth were observed in one 
bacterial pathogen, xanthamones pruni, when peni
cillin or bacitiacin was employed. 

f. The tube dilution technique for screening anti
biotics was found to be more accurate and provided 
greater reproducibility of results than did the stand
ard agar diffusion method. The former is suggested 
by the investigator as being ideal for any contem
plated screening program. 

DEVELOPMENT of a sensitive bioassay for the detec
tion of antibiotics in plant tissues. 
a. This assay was made adaptable to detect single 

antibiotics and antibiotics in combination. 
b. It was found that the assay could be adapted to 

detect antibiotics in several kinds of plants and 
plan t tissues. 

c. Sensitivity of the assay was 0.15 ppm. 
d. \With this assay it was possible to detect antibiotics 

in apple foliage as long as 30 days following a sin
gle spray with 100 ppm of Agri-mycin. 

e. It was possible to establish with assay that no de
tectable antibiotic residues remained on apple 
fruit at harvest, the fruit having been sprayed 4 
times with concentrations as high as 100 ppm fOf 

disease control purposes. 
INCREASING the effectiveness of antibiotics in control
ling fireblight by the addition of indigenous and 
synthetic growth regulating substances to antibiotic 
spray formulations . 
a. Preliminary investigations in 1953 showed indole-

3-acetic acid to be effective in enhancing the plant 
disease inhibiting properties of antibiotics. 

b. Experiments in 1954 found this effect not to be 
restricted to indole-3-acetic acid. Another native 
growth regulator, indole-3-acetate demonstrated the 
same properties at even lower concentrations. 

c. In addition a large number of synthetic growth 
regulators also demonstrated this synergistic effect. 
Of these naphthylacetamide appeared most effec
tive particularly in antibiotic spray formulations 
for fireblight control. 

d. It was clearly demonstrated in the laboratory that 
the synergistic effects of antibiotic-growth regulator 
combinations were due to an action or actions on 
the plant rather than on the bacterial pathogen. 
Perhaps the effect is an augmentation of the natural 
disease resisting-capacity of the plant. (Project 27) 

Marketing Fruits and Vegetables 

A. E. Gaus,J. W. McKinsey, and R. A. Schroeder 

Data obtained by A. E. Gaus are in process of 
being analyzed. Mr. Gaus has during the year returned 
to Missouri as Extension Horticulturist and plans to 
devote much of summer in completing analysis of 
data. Data are also to be used as his Ph. D. material. 

Regional fruit and vegetable marketing research 
was conducted by the Purdue Station with other states 
including Missouri in an advisory capacity. (Project 63) 

Development of Tomato Varieties from Hybrids 

C. M. Tucker, R. A. Schroeder, M. E. Michaelson 
V. N. Lambeth and G. M. Hall 

The project plan outlined for the testing of toma
to hybrids involving L. pimpinellifolium resistance to 
wilt was followed closely. The research work this year 
included a replicated yield test of 30 lines, pruned to 
two stems and staked; a yield test of approximately 
36 lines grown under ground (unstaked) culture; a 
greenhouse test of 25 forcing lines and an observa
tional planting of approximately 75 lines. With the 
exception of the greenhouse test, the other plantings 
were abandoned because of failure resulting from 
critically high summer temperatures and the lack of 
irrigation facilities. Even the early yields were so low 
that reliable varietal differences were not apparent. 

Very satisfactory results were obtained with the 
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greenhouse planting. Although the yield was lowered 
by the high temperatures and earlier termination of 
harvest (] une 22 ), significant differences in yields and 
in fruit characteristics were found. Four lines produced 
heavier than Michigan State Forcing and Ohio W. R. 
Globe; however, with two exceptions they were first 
generation hybrids. Generally, first generation hybrids 
of a line with Ohio W . R. Globe resulted in a 1.5 to 
2.0 pound per plant gain over that of the inbred line. 
Break-O-Day gave the lowest yields of the 25 lines 
tes ted. (Project 41 ) 

Virus Diseases of Stone Fruits 

D. F. Millikan 

The most important aspect resulting from these 
investigations is the certification program. It can be 
stated with reasonable pride that everyone of our four 
major fruit tree nurseries will be able to offer for sale 
part, if not all, of their cherry stocks as certified, that 
is propagated from ring spot-free bud sources. One of 
these nurseries will offer all of his 1954-55 Missouri 
grown cherry stocks as certified and two additional 
ones will be able to do so in the 1955-56 season. 

Certification of understocks is being pushed to 
eliminate this possibility of infection. Already one 
nursery is growing annually 200,000 certified seed
lings, and the establishment of seed orchards in the 
other nurseries is being pushed in anticipation of 
growing their own seedlings. Indexing of plums and 
apricots is being undertaken so that the program can 
be extended. (Project 68) 

Floriculture Studies 

J. E. Smith,Jr., D. F. Millikan, and R. A. Schroeder 

B. Monsanto # 522 and # 6462 chemotherapeu
tants were used at 200 ppm., 100 ppm and 25 ppm as 
dip for rooted cuttings, with apparent protection at 
25 ppm of # 522. All others appeared phytotoxic, so 
studies are being continued. 

Accessions of species plants and seed were re
ceived from U.S.D.A. for susceptibility tests: Insuf
ficient material necessitated clonal increase before tests 
can be started. 
(1) Spring planted glads bloomed earlier than fall 

planting, even on rows listed in the fall for earlier 
spring warm-up. 

(2) Daily mist supplied the necessary soil moisture 
without irrigation and provided an atmosphere 
conducive to higher quality flowers. . 

(3) Crops planted to mature before July 1 are es
sential to profitable sales on the St. Louis market, 
unless better market relations can be formulated 

E. 
(1) Greenhouse soils with excessive applications of 

nitrogen can be alleviated by 2 # or 1 # per 100 
sq. ft. area applications of cane sugar. 

(2) Cane sugar applications also reduce the avail
ability of potash. 

(3) An increase in acidity (lower pH) in the fall and 
early winter is characteristic of many greenhouse 
soils regardless of location in state or crop grown. 
(Project 114) 

Horticulture Farm Establishment 

Staff, Department of Horticulture 

PROGRESS TO DATE : 

1. Construction of an ll-acre lake to be used as 
a source of water for irrigation. 

2. Moving of 35 ,000 cubic yards of earth for the 
lake dam and spillway. 

3. Construction of seven acres of grass waterways 
as a part of the water management plan. 

4. Construction of necessary terraces for the 
water management plan on 120 acres. 

5. Construction of 3 miles of graded roads and 
the rocking of the most travelled half-mile. The road 
system has been planned and constructed so that out
state visitors can drive through the farm and from 
their car see the maximum number of experiments 
and trials. 

6. Clearing of over 30 acres of timbered land. 
7. Moving of over 25 ,000 cubic yards of earth for 

the filling in of ditches. 
8. Construction of a 40 x 40' farm shop. 
9. Construction of two 40 x 100' machinery 

sheds. All three buildings are of the clear span roof 
truss type construction. Exterior is embossed alumi
num. 

10. The above developmental work has included 
over 1600 hours of bulldozer work. The bulldozing 
as well as the terracing was accomplished by the de
partment's own farm crew. 

11. Full 30 acres of previously unusable land has 
been recovered and the utilization of all of the other 
acres greatly improved as a result of the above work. 
(Project 116) 

Production of Small Fruits 

D. D. Hemphill, R. B. Nenius and R. A. Schroeder 

A. Varietal Trials with Strawberries-Replicated 
randomized plots of the following varieties were estab
lished in spring of 1954: Allbritton, Armore, Blake
more, Bellmar, Christ, Dunlap, Dixieland, Fairfax, 
Midland, Plentiful, Premier, Robinson, Sparkle, Ten-
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nessee Beauty and Tennessee Shipper. 
In addition to regular stocks of Armore, Bellmar, 

Blakemore, Midland, Premier, Robinson, and Sparkle 
plots of virus-free stocks of these varieties were also 
established. 

Runner production of "virus free" stocks of Bell
mar, Premier, Robinson and Sparkle was considerably 
greater than that of regular stocks. 

Yield records will be taken in spring of 1955. 
B. Determination and elimination of causes of 

sterility in blackberries. 
(1) Elimination of sterility in blackberries could 

not be accomplished by insecticides such as DDT ap
plied three times at weekly intervals beginning before 
flowers opened. 

(2) Plants fruited similarly in insect free green
houses and under field conditions. 

(3) Attempts to transmit sterile conditi'on by 
root grafts from sterile to normal fruiting plants failed 
due to lack of union in root grafts. Additional grafts 
made in winter of 1953-54 and will fruit summer of 
1955. 

(4) Antibiotic sprays (Actidion) applied in the 
summer and fall of 1953 did not improve fruiting of 
sterile varieties during 19)4 season. 

C. Improvement of strawberries by breeding. 
(1) Approximately 1200 seedlings from crosses 

involving 15 varieties were fruited in spring of 1954. 
Twenty-six (26) selections from this group were saved 
for further evaluation. 

(2) Additional crosses were made in February 
1954 and approximately 1000 seedlings planted in 
1954 for fruiting in 1955. Many of the crosses involved 
parents which carried single or multiple resistance to 
the races of Red stele (Phytophora fragariae). (Project 
119) 

Commercial Culture of Truck Crops 

V. N. Lambeth and R. A. Schroeder 

By the detection and correction of "Salting-Out" 
of vegetable greenhouse soils from the previous work 
it is apparent that high concentrations of soil nitrates 
has been resulting in severe losses in lettuce yield in 
some commercial greenhouses. The association estab
lished last year between poor growth and injury of 
lettuce roots (plasmolysis) with conductivity of the soil 
water (1:2 soil-water extract) above ISO x 10-5 MHOS 
and with corresponding nitrate concentrations of 70-95 
ppm was further confirmed in approximately SO sepa
rate determinations. 

Bray's Alpha -naphthylamine and sulfanilic acid 
procedure for determining soil nitrates was adapted 
for use in the high nitrate range. This test proved to 

be more satisfactory than the Spurway test previously 
used. 

Variable nitrate levels in the range 60-140 ppm 
were established in a greenhouse ground bed and Bibb 
lettuce transplanted December 8. Plots 4' x 6' were 
replicated four times in a randomized design. The 
lettuce was harvested February 3 at an immature salad 
stage. At this time the yield was found to be correlated 
closely with the average soil nitrate level as deter
mined at approximately 2-week intervals throughout 
the growing season. For example, the fresh weight of 
tops was 3.S4 times as great at a nitrate level of 60 
ppm as compared to 140 ppm and within this range. 
growth was progressively less as the nitrate level in
creased. 

Incorporation of carbonaceous materials into the 
soil was effective in temporarily reducing high nitrate 
concentrations. Sawdust at 4-S oz/sq. ft. on an aver
aged basis reduced the available nitrates from 140 ppm 
to 65 ppm for a period of approximately 6 weeks after 
treatment. 

OTHER STUDIES INCLUDE: 

Lima Bean Culture, Improvement of Commercial 
Sweet Potato Production, Cultural Practices for Pro
cessing the Tomato Crop in Southwest Missouri, and 
Cultural Practices to Improve Irish Potato Yields and 
.Storage Keeping Quality. (Project 121) 

Culture of Stone Fruits 

A. D. Hibbard and Mohsen Nour 

The compound 3-chloroisopropylphenylcarbamid 
(3 ClIPC) was appl1ed as a thinning spray to peaches 
approximately one month after full bloom at concen
trations of 200, 300 and 400 ppm. For comparison a 
spray of 40 ppm of NAA (naphthaleneacetic acid) 
was used in each replication. Fruit trees were used for 
each treatment in each replication. These were then 
replicated. A summary of the results is given in the 
following table. It is evident that neither of these gave 
any thinning effect under the conditions prevailing 
in the orchard in 1954. This is in sharp contrast to the 
results secured in 1953 when 3 CI IPC at 500 ppm 
removed 9S percent of the fruit. It is probably worth 
noting that these trees were much more vigorous than 
the 1953 trees with respect to nitrogen nutrition. The 
orchard in 1954 was subjected to a frost which partial
ly thinned the crop about 10 days after spraying. These 
may have affected the action of the thinning sprays. 

A commercial trial with a grower in the same 
community also failed to give commercial thinning. 
This orchard suffered very little if any frost injury and 
all. this required heavy hand thinning. A grower in 
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the Cape Girardeau area also cooperated in the use of 
3 Cl IPC for thinning peaches. With a spray concen
tration of 300 ppm he produced a dropping of 49 per
cent of the fruit while unsprayed trees shed only 22 
percent. These trees were rather weak but bloomed 
and set heavily. Sprays on vigorous young trees gave 
no thinning effect. It is apparent that this material is 
quite erratic in action. If it can be developed into a 
material for practical use, the manner of varying con
centrations with tree and weather conditions will have 
to be worked out. 

The growth regulator 2,4,5-trichloropropionic 
acid was sprayed on peaches 10 to 14 days before har
vest. The material was used alone and in combination 
with Maleic hydrazide, a growth inhibitor. Two dif
ferent methods of spraying were used. The materials 
were applied from outside the tree in the conventional 
manner while in the other the tree was sprayed from 
the inside only. The purpose was that since inside fruit 
colors less than exposed fruit, it would receive the 
greatest benefit from the coloring hormone treatment. 

THINNING SPRAYS FOR PEACHES, CAMPBELL, MO.-1954 
Applied one month after full bloom 

Spray None N.A.A. 3 ClIPC 
40 200 300 400 

Cone. ppm ppm ppm ppm 
percent 

drop % % % % % 
Rep. 1 44 59 50 51 50 
Rep. 2 38 40 35 37 40 
Rep. 3 54 57 48 49 58 
Aver~e 45' '5I 45' 45 49 

(Project 126) 

Breeding of Vegetable Crops 

A. D. Hibbard, V. N. Lambeth and R. A . Schroeder 

The yield, bulb size at harvest and approximate 
maturity date of 13 bulbing onion varieties were com
pared in a randomized field planting at the Campbell 
Vegetable Experiment Field. Each of the four replica
tions of each variety consisted of 2-row plots, each 25 
feet long. The plant interval within the row was four 
inches. Transplants were grown from seed, trans
planted March 22 and given good culture including 
supplemental irrigation during the entire growing 
season. The bulbs of all varieties were harvested on 
August 5 at which time several were slightly imma
ture. 

Bulb size and yield of all varieties were limited by 
poor seedling vigor and extremely high temperatures 
in June and July during which time the plants were 
bulbing. Bulb formation was noticeable on all varie
ties tested except Autumn Glory, Southport, Red 
Globe, Ebenezer and Asgrow 45 by June 10. The 
range in photoperiod for March 22-June 10 at this 
latitude is 12 hours and 10 minutes to 14 hours and 

37 minutes. 
The watermelon varieties of the southern coop

erative trials were grown in replicate yield plots in a 
5 x 5 lattice square design. The soil was naturally in
fested with the fusarium wilt disease and given two 
inoculations with culture of the pathogen during the 
growing season. The results are given in the following 
table: 

No. 
Yield per Marketable Average 

Variety acre tons me lon/A Weight 
Black Diamond 2.9 270 20 
Congo 4.1 380 22 
Dixie Queen W.R. 6.0 570 22 
VBL 51-27 
(Charleston Gray) 5.9 470 25 
VBL-W453 4.0 400 21 

One of the main objectives of the breeding pro
ject is to develop a watermelon with the general ap
pearance and commercial qualities of the Black 
Diamond which in addition is disease resistant and 
possesses higher edible quality. Crosses between the 
Missouri Queen and the Black Diamond which are 
now in the sixth self and selected generation show 
many of these qualities. (Project 128) 

Physiological Mechanisms of Reproduction 
in Horticultural Plants 

Since the antiauxin TIBA has been found to pro
mote flower formation by reducing native auxinic 
effects in the plant, this chemical was applied at var
ious concentrations, as a spray or in lanolin paste to 
several series of young tomatoes. The major results 
have been as follows: (1 ) At relatively weak concen
trations TIBA stimulates vegetative development, 
which was measured by increase in height of the plant, 
increase in fresh and dry weights and by extension in 
length of certain internodes and of the axillary shoots 
below a flower cluster. This stimulation is mOie evi
dent when fertilization (gametic union ) occurs but 
the young fruit is removed to prevent a metabolic 
drain by it on the vegetative structures. This stimula
tion by TIBA seems to be due to synergism with the 
native auxins. (2i At relatively strong concentrations 
TIBA inhibits terminal meritems, first of vegetative 
growing points followed by that of floial primordia. 
Formative effects to various extents are usually pro
duced in leaves and stems. 

As yet there have not been obtained clear cut 
cases where TIBA treatments have induced an in
creased flower bud formation and their satisfactory 
development without undesirable formative effects on 
leaves and/or stems. Further investigations are in 
progress. 

A number of growth regulating substances were 
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compared with p-chlorophenoxyacetic acid (CIPA) 
for setting tomatoes in late fall, winter and early 
spring in the greenhouse. One chemical 2,4-dichloro
phenoxyacetyl D, L-methionine was superior in re
spect to number of fruit, weight of marketable fruit 
and quality (firmness) fruit. 

During the extremely hot summer of 1954 and to 
lesser extent in 1953 and 1952 tomatoes failed to set 
fruit due to dropping of flowers. N-meta tolyl phtha
lamic acid applied to field tomatoes reduced drop of 
flowers and gave an increase in set of fruit. However, 
these fruit did not develop to normal size. A possible 
explanation would be a shortage of carbohydrates in 
the plant as a result of the extremely high tempera
tures (high rate of respiration and possibly lower 
photosynthetic rate). (Project 129) 

Control of Weeds in Horticultural Crops 

D. D. Hemphill 

Grape Vineyards: CIPC (isopropyl-N-(3-p
chlorophenyl) - carbamate and CM U- (3-p-chloro
phenyl-I, I-dimethyl urea) appear more promising 
than the presently recommended dinitro fortified oil 
herbicidal combination while Endothal and phenyl 
dimethyl urea are inferior. 

Vegetable Crops:-Following chemicals eval
uated as herbicides in certain vegetable crops: CIPC, 
CMU, dichloral urea, naphthyl phthalamic acid, 
Natrin, potassium Cynate, Premerge, SESIN (2,4-
dichlorophenoxyethyl benzoate) and TCA. New 
Findings are: CIPC promising in Okra, dichloral urea 
promis1ng in cucurbits, Natrin promising as a post
transplanting herbicide in broccoli, cabbage and pep
pers. 

Lawns: Lead arsenate reduced crabgrass germina
tion but caused injury to bluegrass in hot dry sum
mer. Naphthyl phthalamic acid shows promise for 
crabgrass control acting as a seed toxicant. (Project 
146) 

Promotion of Horticulture 

Staff Department of Horticulture 

REPORT OF RESEARCH findings and recommen
dations were given ro the horticultural crop producers 
in the state through the following department publi
cations: 

1. Horticultural News 
2. Floricultural News 
3. Vegetable News 
4. Weekly Spray Letter 
The apple merchandizing work of bringing pro

ducer and buyer in touch with each other in the form 

of an up to date availability of apples letters. 
The attending of horticultUfal meetings by all 

staff members to present information of interest to 
producers and other research workers. (Project 169) 

Downy Mildew and Black Rot 
Control on Grapes 

H. G. Swartwout and R. A. Schroeder 
OBJECTIVE A: 

Tests are set up on the Unity Farm near Kansas 
City with Copper-8 in combination with ferbam ; 
Copper-8 in combination with captan; with ferbam; 
with captan and with Actidione at 1, 2 and 4 ppm for 
the control of downy mildew on the Thomas grape 
after indications that there might be an appreciable 
development of mildew on that variety. However, 
with dry weather after the one early period of infec
tion there was no further development of the disease 
and therefore no information on control was obtained. 
Tests with these same materials were set up at Rosati 
on the Concord variety for the control of black rot 
but no disease developed. 

OBJECTIVE B: 
To establish the tolerance of Concord grapes to 

Actidione with the view of testing later its efficiency 
against grape diseases, individual vines were sprayed 
with Actidione dilutions of llA ppm, 2lh ppm, 5 ppm 
and 10 ppm. The solutions were adjusted with acid 
to pH 6. 

Four applications were made as follows: 

1st spray - - - May 9 when new shoots were 18 inches 
in length. 

2nd spray - - - May 17 
3rd spray - - - May 31 when grapes were blooming 
4th spray - - - June 11 

Observations on foliage injury: 
Date 1 ppm 2 1/2 ppm 
May 24 trace light 

chlorosis chlorosis 

Actidione Dilution 
5 ppm 10 ppm 
mod. mod. severe 

chlorosis chlorosis; 
leaves pale 
yellowish 
green 

May 31 trace trace light light moderate 
June 10 none trace light light moderate 
June 24 trace trace plus light light moderate 

Injury for the most part appeared as a general 
paling of the green color of the leaves and in the form 
of chlorotic spotting and marginal chlorosis. In addi
tion, at the two higher concentrations there was some 
yellow-brown spotting that persisted on the older 
leaves. Injury appeared mostly on the partly grown 
leaves and was most intense several days after the 
spray was applied. It tended to lessen with time. There 
was no effect on fruit set, the general growth and ap
parent vigor of the vines. The paling of the leaves 
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was only faintly evident 4t 1 ppm but was definite at 
5 ppm and at 10 ppm and persisted from one spray 
application to another. (Project 194) 

Hormone Sprays for Fruit Thinning 

(a) The synthetic plant growth regulator a
naphthylacetamide ("Amid-Thin") was used for thin
ning apples at concentrations of 37 and 50 ppm in 3 
commercial orchards in a comparative test with 
naphthaleneacetic acid (NA) at 10-30 ppm depending 
on the variety. The varieties involved were Jonathan, 
Golden Delicious and Ben Davis. The time of ap
plication : For "Amid-Thin"-petal fall; for NA, 11 to 
12 days after full bloom. 

Amid-Thin applications at both concentrations 
did a satisfactory job of reducing the Jonathan crop 
to a desirable extent, thus increasing the size and qual
ity of the fruit. But equally good results were obtained 
from the use of NA later in the season. 

CHEMICAL TInNNING OF JONATHAN APPLES. 
COMMERCIAL ORCHARD NO. 1, 1954. 

TREES MODERATELY VIGOROUS. THOROUGH SPRAYING. 
FULL BLOOM, APRIL 18. 

No. 
Flower 

Sprays, concentration No. of Clusters 
and time of application Trees Counted 
Controls - none 13 2935 
Amid-Thin, 37 ppm Temp. 

50°F. Apr. 22. Late 
Petal fall 

Amid-Thin, 50 ppm Temp. 
500 F. Apr. 22. Late 
Petal fall 

NA, 10 ppm Temp. 
70°F. Apr. 29. 11 days 
after full bloom 

6 1522 

6 1415 

6 2353 

% 
Flower 

Clusters 
Set. 

May 29 
Final Remarks 
119.4 

41.3 Ma~ 29 -
Thinned to 
ca. 1/3 of 

36.7 controls. 
Mostly 
singles 

35.6 per spur. 
Good 
Thinnin~ 

Not enough fruit thinning was obtained of 
Golden Delicious trees in two commercial orchards 
and the crop was reduced insufficiently also of Ben 
Davis trees. 

These experimental results indicate that Amid
Thin is a satisfactory chemical spray for thinning an
nually bearing varieties but cannot be recommended 
as yet for thinning biennial bearers. 

Seed counts of fruit point to the fact that Amid
Thin exerts its effect through inhibition in embryo 
development, very much like NA does. 

(b) Results were summarized of previous years 
investigations of the comparative value of 2,4,5-tri
chlorophenQxypropionic acid (2,4,5-TP) and naph
thaleneacetic acid (NA) as preharvest sprays. The 
information was presented to fruit growers at the last 
annual meeting of the State Horticultural Society. 

It shows that 2,4,5-TP at the recommended con
centration of 20 ppm is too strong to use on Duchess, 
Wealthy, Golden Delicious and even Delicious and 
Jonathan during hot weather. The concentration for 
these varieties, therefore, must be reduced to approxi
mately 100 ppm. This will reduce costs and prevent 
premature ripening of the fruit. (Project 195) 

Response of Vegetables to Cationic Saturation 
Levels on Low Exchange Soils 

V. N. Lambeth, E. R. Graham and R. A . Schroeder 

During the spring of 1953, field fertility plots 
were established on Lintonia fine sandy loam for the 
purpose of studying soil cation relationships and 
growth of vegetable crops. This soil has a low cation 
exchange capacity (7.70 m.e./100 gms.) and before 
fertilization tested as follows: 

Ca, 1833 lbs./ A. or 60.5 percent saturation; K, 
177 lbs./ A. or 3 percent saturation ; Mg, 75 lbs./ A. 
or 4 percent saturation; buffer hydrogen 2500 lbs'/A. 
or 32.5 percent saturation; P20 5 , 112 lbs./ A; organic 
matter 1.5 percent and a pH of 5.6. Each treatment 
plot (40' x 60') was replicated five times in a random
ized arrangement. The following treatments were 
made: 
TREATMENT No. 
1 Control (No Ca, Mg or K added). 
3 Potassium increased to the 5 percent saturation level 

by adding K 2S04 • 

4 Calcium increased to the 80 percent saturation level 
by adding finely pulverized calcareous limestone. 

5 Calcium increased to the 80 percent saturation 
level and potassium to the 5 percent saturation 
level. 

6 Dolomitic lime (coarse) at rate equivalent to cal
careous lime treatment above. 

7 Dolomitic lime as above and potassium to the 5 
percent saturation level. 

8 Dolomitic lime as above and potassium increased 
to the 8 percent saturation level. 

The above saturation levels refer to the percent
age of the total cation exchange capacity contributed 
by that cation. Phosphorus was increased in all plots 
to a calculated 400 lbs/ A level. Supplemental nitrogen 
was applied as plant symptoms indicated the need in 
equivalent amounts to all plots. 

Fertilizers were added in split applications, one
half before plowing and the remainder between the 
first and second diskings. Soil moisture was maintain
ed above 40 percent of the soil's field capacity by sup
plemental irrigation. In 1953 statistically significant 
differences in yield were obtained only with the rel
atively long-term vegetables-sweetpotatoes, cucum-
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bers and onions. In the case 'of sweetpotatoes and 
cucumbers the greatest response was shown to potas
sium fertilization with the yields increasing to the 5 
percent potash level, either with or without the cal
cium treatment. Addition of either calcareous or dolo
mitic lime in most cases depressed the yield except 
where the potassium was also increased. This suggest
ed lime-induced potash deficiency was supported by 
a lowered availability of potash on the limed plots . 
No response to short-term crops such as irish pota
toes and sweet corn was apparent. This lack of re
sponse for early and shert-term vegetables may have 
been the result of slow availability of the fertilizers 
applied. 

Therefore, to determine the carry-over effect of 
the fertilizer treatments from the previous year, irish 
potatoes and sweet corn were grown to maturity. By 
careful soil sampling and repeated testing, changes in 
cation concentration from the previous year's fertiliza
tion also were estimated. (Project 196) 

Elimination of Chemical Residues 

M. R. Johnston and V. N. Lambeth 

The insecticide Lindane (gamma isomer of ben
zene hexachloride), is being studied as to the effect of 
its residue on "pickling" cucumbers. Specifically its 
effect on the fermentation of the salt stock and on the 
flavor of the processed sour, sweet and dill pickles. 

Two replications (20 gal. lots) each of the sprayed 
and control have been fermented. The sprayed lots 
were taken from field trials of four different insect con
trol schedules. Bacteriological examinations for acid
forming bacteria, yeast and caliform bacteria indicate 
that these microorganisms are not affected by the resi
due from the control schedules. 

Salt stock from last year's work was processed 
into sour, sweet and dill pickles. The pickles were pre
sented to a taste panel (paired comparison method) 
for flavor evaluation. The panel was able to detect the 
Lindane sam pIe, but not to the extent of the first 
year's work. Chemical analyses for Lindane show that 
the row sprayed cucumbers contained 18 ppm and the 
finished pickles 1 to 2 ppm. (Project 197) 

Effect of Pesticides on Fruit Finish in Apples 

H. G. Swartwout and R. A. Schroeder 

THE OBJECTIVES OF THIS EXPERIMENT INCLUDED: 

A. Evaluation of captan and zineb for the control of 
cedar rust on apples. 

B. A determination of the effectiveness of several 
fungicide-spreader combinations in erasing sooty 
blotch lesions when spraying is delayed until 

lesions have started appearing; also, a further 
evaluation of early applications of lead arsenate in 
delaying the onset of sooty blotch. 

C. An evaluation of captan, zineb, sulfur and Van
dde M sprays alone and in certain combinations 
upon the fruit finish of apples. 

D. A determination of the effectiveness of phenyl 
mercury alone and of phenyl mercury-protective 
type fungicide combinations in checking the 
spread of scab after the disease has become estab
lished on the trees. 
Among the studies made were Cedar rust control 

with captan and zineb, and apple scab eradication tests 
among others. (Project 232) 

Technology of Apple Products 

Melvin R. Johnston 

The study is concerned with the development of 
a technique for the making of a good quality frozen 
concentrated apple cider. The problem is being ap
proached from the standpoint of the quality of the 
more popular apple varieties foi· cider and the enhanc
ing of these qualities by partial fermentation of the 
juice. Eight varieties of apples were characterized for 
acidity, sugar, flavor and aroma. From these data 
blending of the varieties to produce a uniform quality 
juice is possible. 

Yeast fermentation of the juice with strains of 
Saccharomyces elJipsoideus (wine yeast) did not improve 
the flavor of the juice. Selected strains of yeast from 
Candida, Debaromyces, Hansenula, Endomycopsis, 
T orulospora, Schizosaccharomyces genera were used to 
partially ferment apple juice. Several of these genera 
show promise of improving the flavor and aroma of 
apple juice. A colorimetric method of analysis for al
cohol (low concentration) was adapted to the analy
sis of the partially fermented samples of apple juice. 
(Project 233) 

Technology of Irish Potato Products 

M. R. Johnston and V. N. Lambeth 

Work on this project has as its objectives (a) To 
determine the relative storing qualities of irish potato 
varieties and the effect of several treatments on these 
varieties. (b) To study the factors affecting the texture 
and color of mashed potatoes during preparation, 
freezing and frozen storage. 

The proposed work on this project was hampered 
by the severe drouth which prevailed during the grow
ing season. Four varieties of potatoes (Cobbler, La
Salle, Waseca, Pontiac) were scored at 40° F. for 5 
months. The potatoes were packaged in polyethylene 
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bags (400 gauge) and treated with several fungicides 
(chlorine solution, Dow M-115 and M-148, tetrachlo
roethylene). After 3 months storage the Waseca varie
ty had the highest amount of usable potatoes for all 
treatments. Of the treatments used tetrachloroethylene 
was the most effective in controlling decomposition. 
After 5 months storage all the varieties had developed 
a considerable amount of black-heart, except the 
Pontiac variety which was treated with tetrachloro
ethy lene and was reasonably free of black-heart. 

If for no other reason, the condition of the pota
toes prior to storage would reduce the value of these 
data. 

No work was done on objective "B" during the 
period covered by this report. (Project 234) 

Bacterial Spot, Brown Rot and Peach Scab Control 

H. G. Swartwout and R. A. Schroeder 

OBJECTIVES: 

A. A determination of the relative effect of captan 
and sulfur upon the fruit finish of peaches when used 
during the summer when temperatures are usually 
high and therefore conducive to sulfur injury. 

* * * 

B. An evaluation of an organic silver complex 
and aureomycin for the control of bacterial spot of 
peaches. 

C. A field evaluation of captan vs. sulfur for the 
control of brown rot and peach scab. 

Hot dry weather during the summer was favor
able for sulfur injury and there was an undesirable 
amount of sulfur-sun scald on the fruit in sun exposed 
positions. In addition there was considerable mottling 
of the fruit which had received the summer sprays of 
sulfur. Although, in general, such mottling was not 
severe enough to lower the grade it did noticeably 
detract from the appearance of the fruit. 

The.re was no effect upon fruit finish by captan. 
Although considerable mottling occurred on the 
Elberta variety in the captan 2-100 plots this probably 
was the effect of residual sulfur from earlier sprays. 
Fruit finish with captan at 5-100 all season was essen
tially the equal to that of the unsprayed controls. 

In southeast Missouri there was no difference in 
fruit finish on the Snyder Elberta between a program 
of sulfur early-two late sprays captan, and a full captan 
program. A full sulfur program was not used in this 
experiment. (Project 243) 

* * 

Poultry Husbandry 
E. M. Funk, Chairman 

Losses in Shell Eggs and Dressed Poultry 
in Market Channels 

E. M. Funk, James Forward, Martha Lorah, 
Robert Grotts and H. L. Kempster 

Soiled eggs washed within 6 hours after soiling 
suffered as heavy loss as similar eggs washed 48 hours 
and 96 hours after soiling. Pasteurization was equally 
effective in preventing loss in lots washed and pas
teurized 6 hours, 48 hours, and 96 hours after soiling. 

Losses in storage were heavy in both soiled eggs 
and dry cleaned eggs. Neither kind of eggs should 
be stored. 

Surface cleaning (wet or dry) gives erratic results 
and cannot be depended upon as a process for cleaning 
soiled eggs so they will keep in storage. 

Washed eggs do not necessarily show low broken 
out scores. 

Shell eggs may be pasteurized in oil as well as 

in water if the correct time-temperature relationships 
are maintained. 

If pasteurization, only, is desired, shell eggs may 
be protected against loss by immersing them in water 
for 1 ~ minutes at 1500 F. 

Stains may be removed from washed soiled eggs 
by washing and dipping them in warm water contain
ing 0.5 percent of sodium perborate. (Project 17) 

Value of B12 and Antibiotics in the Replacement 
of Animal Protein in Chick Rations 

Q. B. Kinder, H. L. Kempster,). E. Savage and Dale Ross 

A comparison of ration 5401 to rations 5403 and 
5404 indicates that each one percent of alfalfa meal 
decreased growth rate one to two percent in broiler 
strain chicks at 8 weeks of age. This comparison held 
valid in higher energy rations 5409 and 5410 where 
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2.5 percent of alfalfa meal decreased growth 3.4 per
cent. Feed efficiency declined on increasing levels of 
alfalfa meal in similar proportions. 

Addition of B12 did not improve growth rate or 
feed efficiency in these tests on rations containing 
either meat scrap or fish meal indicating that there 
was sufficient B12 in these products on these two tests. 

Antibiotics added to rations with and without 
alfalfa meal gave a 5 to 7 percent increase in growth 
rate on broiler strain chicks at 8 weeks. This response 
was similar in Leghorn cross chicks at 4 weeks of age 
but declined to only 1-2 percent at 8 weeks of age. 

Replacement of 5 percent of meat scrap with an 
equal amount of fish meal resulted in 5 percent faster 
growth and 8 percent better feed efficiency at 4 weeks 
but declined to about 2 percent increased growth and 
4 percent improved feed efficiency at 8 weeks of age. 

Additional "B" vitamin did not improve growth 
rate in these tests. The slight decline in rations con
taining extra "B" vitamins could have been due to 
sampling error. 

. Replacement of 20 percent of mill by-products 
:V1th corn and soybean meal resulted in 8-10 percent 
Increased growth rate and 5 112-6 percent improved 
feed efficiency. Response in both types of chicks was 
?early equal at 4 weeks, but this response was reduced 
In half at 8 weeks in the Leghorn cross chicks. 

These series of rations demonstrate an overall 
increase in growth rate on broiler strain birds of over 
30 percent due to the combined factors of decreasing 
the alfalfa meal, increasing the energy level, use of 
antibiotics, and fish meal. This degree of response was 
similar at 4 weeks in Leghorn cross chicks but was 
reduced to only 14 percent at 8 weeks. 

There were indications of considerable difference 
in relative growth response due to breeding. This 
breed-nutritional interrelationship needs further in
ve~tigation. These data suggest that many of the 
ratIo~ cha~ges n~w used to produce maximum growth 
rate In broI1e~ chIcks are not necessary for satisfactory 
growth of chIcks from egg strain breeding. (Project 24) 

Testing Performance of Strains 
and Crosses of Poultry 

Q. M. Kinder, E. M . Funk , A. B. Stephenson, 
N. Hall, and T. W. Day 

. This. project ~as init~ated in the spring of 1954 
wIth the I~troductIon of SIX egg strains of purebreds 
from leadIng breeders. The following stocks were 
grown out and housed in breeding pens at the Uni
versity Poultry Farm. 

Breeder 
Warren 
Ghostley 
Newcomer 
Edmonds 
Parmenter 
Welps 
University of Mo. 

Breed 
Rhode Island Red 
White Leghorn 
New Hampshire 
Austrolorps 
Rhode Island Red 
White Leghorn 
White Leghorn 

Breed Number 
Pen Pullets 

Number Housed 
22 & 24 60 
26 & 28 60 
70 & 71 60 
72 & 73 60 
74 & 75 60 
(25 males only) 
86 & 88 400 

The above breeding groups are being mated ac
cording to a plan which allows a number of purebred, 
crossbred and strain crosses for performance testing. 
In.addition, .a n~mber of comm~rci.al crosses and hy
brIds are beIng Introduced to aId In evaluating the 
performance of the stocks being tested. 

. Records of eg~ production, egg weight, body 
weIght, and mortalIty are kept for the parental lines 
and their resulting cross progeny. Brooding, growing, 
and housing facilities for 1600-2000 additional layers 
are under construction or have been built. 

Arrangements have been made with a number of 
hatchery-men operating under the National Poultry 
Improvement Plan to furnish liveability cards and 
names of purchasers of chicks to furnish records on 
flocks during the growing and laying period. (Project 
26) 

Care of Hatching Eggs 

E. M. Funk, H. L. Kempster,James Forward, 
andY. W. Day 

I t appears that turning eggs 60° or 75 ° increases 
the percentage of hatch slightly above hatches obtain
ed when eggs are turned 30° or 45 0 . We have secured 
additional evidence this year that confirms earlier re
sults reported by this station that turning eggs 45 ° 
increases hatchability over that secured when eggs are 
turned 30°. We have also obtained additional evidence 
t?at ~ultiple plane turning of eggs during incuba
tIon Increases the hatch above that obtained when 
eggs are turned in one plane. 

We have preliminary results that indicate that 
both chicken and turkey eggs when incubated in a 
horizontal position hatch better than when incubated 
in an upright angular position. 

Experimental results obtained this year confirm 
previous findings of this station that hatching eggs 
will hatch best when held at 50 ° F. as compared to 
holding them at 60°, 70 °, or 80 ° F.; and, 90° F. for 
a few days will hatch better if they are held at 50° F. 
for the r.emainder of the holding period than if they 
are contInued at 90° F. (Project 40) 
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Thyroxine Secretion Rate of Growing Turkeys 

H. V. Biellier and H. L. Kempster 

Experimental work during the past year has been 
directed at developing and testing a new technique 
for measuring the thyroid secretion of an individual 
animal. This technique employs the use of radioiodine, 
P 3\ as a tracer element of thyroxine secreted into the 
bloodstream. A dose of 190 p,c of p 3 1 per kilo of body 
weight, injected intra-abdominal, has given satisfac
tory count rates as a tracer in counted whole blood 
samples of chickens at various a~es . 

Maximal storage level of P .31 occurs 18-48 hours 
following the administration of p 31 to the chicken. 
The affinity of the thyroid gland for iodine permits a 
very rapid uptake of the isotope. Twenty four hours 
after the administration of P:3\ a subcutaneous injec
tion of thyroxine is made to block the functioning of 
the thyroid by blocking the activity of the pituitary 
gland. An injection of exogenous thyroxine that is 
calculated to be twice the level of endogenous thy
roxine secretion will block 80 to 90 percent of the 
thyroid output. 

The level of radioactivity in the whole blood de
creases rapidly due to the loss of inorganic iodine into 
the urine and feces and the diminishing output of 
labeled thyroxine from the thyroid. The rate of release 
of radioactive iodine from the thyroid can be measured 
readily by drawing a 0.5-2.0 ml. blood sample from 
a wing vein and counting the radioactivity present 
with a Geiger-Muller tube and a suitable scaler. Stain
less steel cups of 3 ml. capacity were used in this study 
in drying and counting the blood samples. 

A subcutaneous injected dose of L-thyroxine in 
distilled water carrier, at a ratio of 0.1 ml. per 100 gm. 
body weight, is metabolized and loses its ability to 
block the thyroid gland through the pituitary in about 
12-16 hours in the chicken. Repeated subcutaneous 
injections of thyroxine at twelve hour intervals with 
the amount of thyroxine decreased with each succes
sive injection permits the thyroid to start functioning 
again when the level of exogenous thyroxine falls be
low that of normal secretion by the animal. 

The values obtained on the activity of the whole 
blood, drawn at 12 hour intervals, plotted as percent 
of initial count under maximum suppression represent 
the functioning of the thyroid gland. The lev~l of in
jected L-thyroxine that fails to block the thyroId gland 
for 12 hours as shown by increased radioactivity in the 
blood is equal to the estimated thyroxine secretion 
rate of the bird. 

In vivo counting of the thyroid gland reflects the 
uptake and loss of radioactive iodine un?er t~e .in
fluence of injected thyroxine. Therefore, thIS vanatlon 

of the above described method may be used where the 
situation warrants its use. 

Goitrogens administered Juring the test period 
and following the initial maximal uptake of p31 by 
the thyroid, speeds the percent change of radioactivity 
in the thyroid and blood during the period of active 
thyroid functioning. 

Thyroid damage occurs due to the radioactivity 
present but the extent of this damage has not been 
full y determined. 

In order to validate the assay on birds that have 
had previous estimates of thyroid secretion rate by 
other methods, chicks were used in the beginning of 
this study. The thyroxine secretion rate of Delaware 
x New Hampshire crossbred chicks was determined 
by the technique using radioactive iodine. The daily 
rate of secretion by the thyroid gland of the crossbred 
males ranged from 0.8 to 1.0 p,g L-thyroxine per 100 
gm. body weight and secretion rate of the crossbred 
females ranged from 1.0 to 1.2 p,g L-thyroxine per 
100 gm. body weight at 3 weeks of age. 

At 7 weeks of age the daily rate of secretion by 
the thyroid gland of the crossbred males ranged from 
0.8 to 1.2 p,g L-thyroxine per 100 gm. body weight 
and the secretion rate of the crossbred females ranged 
from 0.8 to 1.2 p,g L-thyroxine per 100 gm. body 
weight. 

At 9 weeks of age the daily rate of secretion by 
the thyroid gland of the crossbred males ranged from 
0.8 to 1.2 p,g L-thyroxine per 100 gm. body weight 
and the secretion rate of the crossbred females ranged 
from 0.8 to 1.2 p,g L-thyroxine per 100 gm. body 
weight. 

The above values for the thyroid secretion rate 
of chicks are comparable to those obtained by using 
the thiouracil method developed my Mixner, Reineke 
and Turner (1944) which involves the feeding of 0.1 
percent thiouracil in the ration to depress the secretion 
of thyroxine by the thyroid gland. 

The extent of the range in rate of thyroid secre
tion of individual animals in this study indicates the 
possibility of identifying those animals that may be 
high or low in the amount of thyroid ~ormone se
creted daily and their use in studies relatlng to other 
body functions. 

Twenty-four Single Comb White Leghorn 
cockerels , 15 weeks of age, were tested for thyroid 
secretion rate using the radioiodine method. The daily 
secretion rate was estimated to range from 0.8 to 1.0 
p,g L-thyroxine per 100 gm. body weight, which is 
in close agreement with values obtained on S. C. 
White Leghorn cockerels by Schultze and Turner 
(1945) using the thiouracil method. 

The thyroid secretion rates of growing Beltsville 
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Small White turkey poults were obtained during the 
1954 growing season. These results obtained at 4, 10, 
13,23, and 28 weeks of age in the turkey poults are 
not calculated in final form and will be presented at 
a later date. 

The radioiodine technique as described above 
has not been refined to an accepted assay method in 
determining the secretion rate of the thyroid. How
ever, thyroid secretion rates obtained on chicks and 
poults fall within accepted ranges as a unit of body 
weight, and indicates its validity. 

Some of the advantages of the technique are: 
Permits repeated determinations on a single animal, 
the animal is not sacrificed; determinations of secre
tion rates may be made in a relatively short time; and 
reflects the amoun t of thyroxine present in the blood 
stream and the animal at any given period of time. 
(Project 72) 

Feed Purchasing Power of Eggs 

H. L. Kempster 

1954 was characterized by having the highest 
feed-egg ratio (1:10.34) for the 1910-54 period. Other 
years with a ratio above 9:00 are, 1934-9.34 ; 1937-
9.77; 1948-9.15 and 1950-9.17. Ordinarily, when a 
high feed-egg ratio prevails; it is followed by a decline 
in poultry numbers the following January. For the 
four years-1934, 1937, 1948, and 1950 the year follow
ing showed an average decline of the feed-egg ratio 
of 2.22. On this basis one can expect a more favorable 
relationship between feed and egg prices in 1955. 

The price of grain for 1954 was $2.79, approxi
mately the same as for the previous year or 219 per
cent above normal (1910-14). The farm price of eggs 
was 27 cents a dozen (159 percent of normal) as com
pared to 39.7 cents for 1953. The eggs from a 122 egg 
hen would purchase 102 pounds of feed which is 77 
percent of the 1910-14 normal. 

Assuming that a 122 egg hen will consume 72 
pounds of feed, the income per hen over feed cost in 
1954 was 82 cents as compared to 86 cents in 1952. 
For the 1930 to 1940 period, in which poultry num
bers in Missouri declined from 30 million to 18.6 mil
lion January 31, 1938, the income over feed cOStS per 
hen was 75 cents. This emphasizes the economic 
plight of the poultry raiser in 1954. Not since 1942 
has the farmer experienced such low egg prices. 

Using 1910-39 for "normal" for feed and egg 
prices, the 136 egg hen eggs would purchase 115 
pounds of feed or 70 percent of normal, approximately 
the same as for 1952. The income over feed cost per 
hen was 98 cents. Not since 1940 has the income per 
hen over feed cost been so low. In 1940, with eggs at 

14.8 cents a dozen and feed $1.13 per hundred pounds, 
the returns over feed cost per hen was 77 cents. In 
1952 it was $1.13. A dozen eggs in 1954 would pur
chase only 10.17 pounds offeed as compared to 14.4 
pounds in 1953 and 14.5 for the base period 1910-1939. 

The 1910-14 base is subject to criticism due to 
changes in the seasonal distribution of egg production, 
the rate of lay and the fact that there is less fluctuation 
in egg prices from month to month. The possibilities 
of selection of a new base has been explored. Feed and 
egg prices are based on the average farm prices that 
prevailed from 1910-39. Egg production per hen has 
raised to 136 and the distribution is based on the 
monthly production of eggs for the period 1940 to 
1949. (Project 73) 

Effect of Protein Level on Egg Production 

Q. B. Kinder, D. E. Sonage and Thomas Day 

A study of the second year's data on these feeding 
trials for egg production indicates rather conclusively 
that : 

1. Egg production was higher on the 20 percent 
protein mash and hand fed grains. This difference was 
not as large as in the first years work, but was con
sistent by breed groups as well as by pens. Egg produc
tion was calculated on trap nest records, hens housed, 
hen days, and survivor basis; and also on pen totals 
which included floor eggs. The difference was about 
1.4 percent or 4.1 eggs as compared to a difference of 
2.3 percent or 6.3 eggs the first year. 

2. Egg production was very good on both rations 
averaging 189 and 184.9 eggs respectively for the 10 
months period. This was about 15 eggs or 5 percent 
better production than the first year test. 

3. The White Leghorns were slightly superior 
in egg production, but lower in egg weight than the 
crossbreds. 

4. There was no measurable difference in body 
weight, egg weight, or mortality due to ration. 

5. Birds on the 20 percent laying mash and hand 
fed grains were superior in feed efficiency in producing 
one dozen eggs on 5.19 pounds of feed as compared to 
5.49 pounds on the 24 percent protein mash and grain. 

6. Average protein level in total ration for birds 
on the 20 percent mash was 15.48 percent compared 
to 17.58 percent protein in total ration for birds on 
24 percen t mash. 

7. Under the conditions existing under this ex
periment where grains were hand fed, the 20 percent 
protein mash was slightly but significantly superior to 
the 24 percent mash. . 

8. Hens on the 20 percent laying mash and hand 
fed grain attained an egg production of 189 eggs in 
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ten months on 54 percent laying mash, 26 percent 
corn and 20 percent oats. (Project 118) 

Factors that Influence Quality of Shell Eggs 

E. M. Funk andJames Forward 

The results obtained indicate that market eggs 
held in a basement retained their quality as measured 
by price as well as eggs held in a refrigerated cooler 
except when unusually high temperatures prevailed. 
(Project 161) 

Systems for Breeding for Poultry Performance 

Q. B. Kinder, A. B. Stephenson and H. L. Kempster 

THE OBJECTIVE of this experiment is to compare rates 
of improvement by different methods of breeding for 
factors relating to egg production. At the present time, 
an intra-flock and a recurrent selection breeding pro
gram are being used. 

The intra-flock method of breeding differs from 
the closed flock system in that outside blood is some
times introduced and inbreeding is kept to a mini
mum. 

The recurrent selection program is basically a 
cross between a tester line and a segregating popula
tion. The tester line is inbred to increase genetic uni
formity. No attempt is made to make major changes 
in a tester line by selection. The value of the tester line 
is determined by how well it combines with individu
als in the segregating population. The segregating 
lines, which are mated with the tester lines, have a 
high degree of heterozygosity. This genetic variability 
increases the chance of finding individuals which will 
combine well with the tester line. Selection in the 
segregating population is based on its performance 
with the tester line. 

A third method of breeding, or more strictly 
speaking, producing chicks, is being initiated in 1954. 
This is simply a cross between different strains or 
breeds of chickens. No breeding or selection program 
is involved. The different strains or breeds are crossed 
and the progeny evaluated. 

The intra-flock populations consist of White 
Leghorns, New Hampshires and Rhode Island Reds. 

* * * 

The White Plymouth Rocks and Delawares are being 
eliminated because of their poor performance the past 
few years. This deletion will allow more room to 
evaluate the remaining breeds. The foundation stock 
for most of these strains is from Missouri Station 
flock, with some outcrosses to the unrelated strains. 

There are ten strains represented in the recurrent 
breeding group. Of these, five are tester lines, with 
varying degrees of inbreeding and five are segregating 
populations with a high degree of heterozygosity. The 
tester and segregating populations are each composed 
of three lines of \V'hite Leghorns, one of Rhode Island 
Reds, and one of New Hampshires. The three inbred 
Leghorn tester lines were selected from 21 lines in 
1951. Each of these inbred lines is mated to a segregat
ing population of a different breed. The test crosses 
are produced by mating tester and segregating lines. 
Line 12, which was originally mated to White Ply
mouth Rocks and Delawares, is now being tested with 
segregating populations of Rhode Island Reds and 
New Hampshires. This line may replace 11 or L3 if it 
is superior or be dropped if it is inferior. This study 
is part of a regional project, complete details of which 
cannot be given in a summary bulletin such as this. 
(Project 164) 

Systems of flock Replacement 

Q. B. Kinder, Claude Howard and Thomas Day 

Since this project was not started until November 
of 1954, no experimental results are available. A 24' 
x 60' growing shelter was constructed in November 
to carry out this study. This building is divided into 
three equal size pens and will allow rearing 200 pullets 
per pen of three ages, from 8 to 22 weeks in confine
ment. Six range shelters are being built for the range 
rearing program. Chicks are being hatched in March 
and April to make this study. 

A 24' x 70' building has just been completed to 
carry out this project. This building has brooding and 
growing facilities for three broods per year and suf
ficient pens to maintain an adult flock of 300 hens. 
First chicks for this project will hatch February 12, 
1955. (Project 244) 

* * 
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Rural Sociology 
C. E. lively, Chairman 

Barriers to the Use of Scientific Information 

H. F. Lionberger, C. M. Coughenour and C. E. Lively 

PROGRESS to date includes: 
1. Continued tabulations and analysis of data 

relating to social-structural factors which condition 
the interpersonal exchange of farm information, and 
prepared tables and charts relating to the inter-rela
tionship of these factors. 

2. Completed tabulations and analysis of data 
relating to the clientele of the Agricultural Extension 
Service with the view of defining personal and situa
tional factors relevant to educational programming 
designed to facilitate the adoption of new farm prac
tices. 

3. Wrote, revised, and prepared final manuscript 
for publication of a research bulletin tentatively titled 
Characteristics and Information Seeking Habits of Farm 
Operators in a Northeast Missouri Farming Community. 

4. Collected and analyzed data relating to the 
multiplicity of avenues through and by which farm 
information from the College of Agriculture reaches 
the farmer , the more salient findings of which were 
published in Bulletin 633 entitled Roads to Knowledge: 
the Story of Communication between Farm and College. 

5. Final revisions were made on the "informal 
groups" manuscript reported in the station report of 
1953-54, same having been read at the Annual Meet
ing of the Rural Sociological Society, September 3, 
1954 and later published in the September, 1954 issue 
of Rural Sociology. 

6. Final revisions were made on the "neighbor
hood" manuscript reported last year, same having 
been published in the December, 1954, issue of Rural 
Sociology; abstract also prepared for publication in the 
Midwest Sociologist, as well as abstracts of both articles 
and bulletin 633 for publication in Review of Extension 
Studies (U.S.D.A.) 

In addition it was found that interpersonal pat
terns of information exchange in the community were 
such that prospects for indirect diffusion of farm infor
mation through the county agent, was greater than 
through any of the other institutionalized channels, 
and consequently, that many of the people who them
selves made no use of the county agent, sought those 
who did. (Project 29) 

Social Area Description and Trends 

C. L. Gregory, and C. E. Lively 

During the year WORK has included: 
A. Tabulation of data for each of the areas to furnish 

a basis of a more complete description of the social 
and characteristics found therein. 

B. The application of analysis of variance technique 
to examine the variation existing for major vari
ables both between areas and within areas. 

C. The preparation of average values for designated 
core areas and for selected variables to show the 
application of the social areas to the sampling of 
the State on a stratified basis. 
A map of the State showing a delineation of the 

social areas has been prepared. The areas have been 
used in several research projects where representation 
on a state basis was desired. One of these projects has 
been concerned with a description of the church 
groups of the State, and another has been concerned 
with the migration of youth from rural areas. In both 
of these pieces of work the social areas appear to give 
a good representation of the State and were useful in 
an interpretation of the research findings. (Project 91) 

The Rural Church in Missouri 

L. M. Hepple, C. M . Coughenour, C. E. Lively 
J. S. Holik and G. T. Blume 

In the State sample of505 rural churches, 371 or 
74 percent were church-type and 134 or 26 percent 
were sect-type. Approximately one-third of these 
churches had 49 members or less, one-third had from 
50 to 99 members, and one-third had 100 or more 
members. The majority of these churches, 322 or 64 
percent, were located in the open country, while 115 
or 23 percent were located in small villages ranging in 
size from 200 to 999, and only 68 or 13 percent were 
in large villages ranging in size from 1000 to 2499. 
Almost half of these churches, 45 percent, had regular 
worship services every Sunday in the month, while 
33 percent had services on only two Sundays a month, 
and 22 percent had services on only one Sunday per 
month. 

In view of the findings in the State sample, it is 
estimated that there are 6660 rural churches in Mis-
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souri, and that the total membership of these rural 
churches is 684,640. It is estimated that these churches 
spent a total of $16,190,000 during the church year 
of1951. (Project 143) 

Cultural Factors Affecting Illness in Rural 
Social Areas of Missouri 

C. E. Lively, R. L. McNamara, E. W. Hassinger 
and Mary Bonwell 

Field work was undertaken in Carter County, 
selected as being representative of cultural area D and 
within core area D 2 • Fifty farm and village families 
were visited after random selection, and schedules ob
tained. In addition to descriptions of family and home 
characteristics, the following items were obtained for 
each family: (a) sickness record (b) use of health per
sonnel and facilities (c) food and nutrition practices 
(d) statements ,from family heads on attitudes toward 
professional health care and home care of the sick 
with estimations of need for added health personnel 
in the county. 

The county selected for experimental study is 
remote and has a level of living as low as any in the 
state. It is an Ozark county where much out-migration 
has occurred and where employment on the farms and 
elsewhere is not continuous. Social services including 
health services are meagre. A growing tourist trade 
has meant employment and improved livelihood for 
some, particularly in the county seat. The people on 
the farms have been without professional health care 
and have devised customary ways of meeting personal 
and community health problems although improved 
communication has meant a new awareness of what 
modern health science can accomplish. 

Specific results of this year's work will not be 
possible until additional culture areas are studied to 
compare with the work begun in 1954. 

Now that the experimental work has proceeded 

* * * 

in one county, certai-9- lines of inquiry appear to be 
more valuable than others. It now seems clear that 
rural people, even those in the most isolated and dis
advantaged locations, have come to realize a need for 
organized health services and have a surprising ap
preciation of modern health science. It appears that 
their great need is to devise ways of bringing health 
information and services to them. Such organization 
will probably vary greatly in the different cultural 
areas of the state. Following this experimental "run" 
our next step should be to do field interviewing in 
specific forms of health organization, i.e., methods 
of paying for health services such as pre-pay plans 
and community organization of clinics and public 
health services. The attitudes farm people hold toward 
such devices are the key to acceptance or rejection of 
these new forms of health organization. The project 
staff expects to pursue this line of inquiry in the 
months ahead. 

The attitudes and convictions rural people hold 
with respect to insuring or budgeting against the costs 
of illness is one of the least known and yet important 
aspects of rural health maintenance. This practice is 
fairly well established in the behavior of urban people 
and is received fairly well in high income rural areas . 
But the majority of rural people, especially farm peo
ple, are without organized plans for major items of 
health risk. Why this should be so, aside from income 
limitations, and what position is taken by farm people 
in different cultural situations, is unknown. It is rea
sonable to assume that collection of material in this 
area would be directly useful to rural people them
selves and to those who plan health programs for 
rural people. 

Research will be conducted in contrasting culture 
core areas and will involve random samples of farm 
families for interviewing. It should be noted that the 
illness of a principal worker on this project prevented 
carrying the experimental work as far as was contem
plated during the summer of 1954. (Project 201) 

* * 

Soils 
W. A. Albrecht, Chairman 

Development of Heavy Clays in Missouri Soils 

C. E. Marshall, C. M. Woodruff, W. T. Higdon, 
Victor Nash,). E. Brydon, and S. Nishigaki 

The main work on this phase has consisted in the 

preparation 0_ clay fractions from soils in readiness 
for potentiometric determinations. The potentiomet
ric method promises well for the quantitative deter
mination by clay minerals in cases where the X-ray 
method breaks down. The use of exchange resin col-
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umns to replace electrodialysis in purifying clays has 
been started, and the two methods will be compared 
by potentiometric cation activity determination. 

The preparation and mounting of clay: membranes 
has been reinvestigated with the object of securing 
better insulation and longer life. Polystyrene is now 
being used as the mounting agent and will be com
pared with cements previously employed. 

The Lindley soil, derived from glacial till, has 
been used to test a combination of X-ray, differential 
thermal, and exchange capacity methods in furnishing 
quantitative information on mixed clay minerals. The 
X-ray work was conducted with the most modern 
refinements (Geiger counter X-ray spectrometer, use 
of K and Mg saturated clays, saturation with ethylene 
glycol, effect of heating.) Two fractions 2 tJ. - 0.2 tJ. 
and 0.2 were used for each of the five horizons studied. 

It was concluded that all clays examined were 
mixtures with a beidellite-like member of the mont
morillonite group predominant in the 0.2 tJ. fractions. 
This is responsible for the major part of the exchange 
capacity. It is poorly organized, however, and for this 
reason the X-ray results are only semi-quantitative. 
No profile differentiation was found in the nature of 
the clay minerals. 

The sand and silt fractions of the Lindley soil 
were examined by X-ray methods with the following 
results. Microcline, albite and quartz were determined 
quantitatively on the following fractions down the 
profile, .002-.005 mm.; .005- .02 mm.; .02-.05 mm. ; 
.05-.25 mm.; .25 mm. The total feldspars were less 
than 12 percent throughout, indicating that the till 
was largely from material weathered before deposition. 
Loess contamination at the surface showed itself in 
slightly higher feldspar figures . ( Project 6) 

Effect of Deep Fertilization on Runoff and on 
Corn, Wheat, and Alfalfa Yields 

D. D. Smith, G. E. Smith, C. M. Woodruff, 
and w. A. Albrecht 

OBJECTIVES: 

To determine under field plot conditions the ef
fects of placing nitrogen fertilizer in the subsoil both 
with and without deep placement on other plant nu
trients. Another objective of this study was to deter
mine the effect of deep treatment on soil moisture 
levels and on runoff from field sized areas of Claypan 
soils. 

To determine under field plot conditions the opti
mum depth, spacing and method of subsoil treatment 
on Claypan and other pan soils was part of the study 
also. 

With soil moisture reduced to near 50 percent 

of the total available amount in the surface 4 feet by 
July 7 and no additional rain until August 1 or nearly 
two weeks after tasseling the grain yields of corn was 
practically zero on both check and deep treatment 
areas during 1954. 

A 14-16 inch deep placement of nitrogen on areas 
previously receiving deep treatments of lime and rock 
phosphate increases the dry matter yield of fodder by 
0.34 tons per acre or 40 percent over that from areas 
with only surface plow depth treatment. 

Deep placement of lime at the beginning of the 
experiment resulted in an average corn yield increase 
of 4.7 bushels per acre or 9 percent, no difference in 
small grain yield, and a reduction in annual runoff of 
0.5 inch or 11 percent, with a 2 year rotation of corn
small grain and sweet clover catch during the 4 year 
period 1951-54. (Project 70) 

Effect of High Fertility on Runoff and Erosion 
from a Claypan Soil 

D. D. Smith and G. E. Smith 

OBJECTIVES: 

A. Determine the effect of high fertility on runoff, 
soil loss, soil moisture, and crop yield under com
bined grain and hay systems and under all-grain 
systems. 

B. Determine the effect of crop residue mulches and 
sub-tillage on runoff, soil loss, soil moisture, and 
crop yield under all-grain systems including con
tinuous corn. 

e. Determine the relationship between runoff and 
soil loss from small fractional acre plots and from 
plots covering the full leQ-gth of slope. 
With 27 percent available moisture in the upper 

4 feet of soil on July 8, only 14 percent at tasseling 
time on July 20 and no additional rain until August 1 
the grain yield of corn was practically zero regardless 
of fertility treatments. 

A stalk mulch resulted in materially less runoff 
and erosion under continuous corn than under corn 
following a two year meadow sod that had been plow
ed for seedbed preparation during this year of very low 
runoff and erosion. 

Nitrogen applications to first and second year 
meadow increased the crude protein content on an 
average of231lbs. per acre or 80 percent. Tonnage of 
hay was increased from 1.28 to 1.66 per acre. (Project 
77) 

Minor Soil Elements 

W. A. Albrecht, George E. Smith and W. J. Upchurch 

OBJECTIVES : 

To evaluate the growth and quality of forage, 
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grain, and fiber crops grown on Missouri soils treated 
both with and without trace elements. The quality of 
crops is determined by chemical and bio-assays. 

Timothy hays, grown with each of five trace ele
ments used separately and all in combination as soil 
treatments after other fertility additions were used 
according to the soil test, were fed to weanling rabbits 
during the summer. The daily gains and the amount 
of feed consumed per unit of gain are given in the 
table. It is significant that each trace element added to 
the soil separately as supplemental fertilizer increased 
the gain of the rabbits significantly. This suggests 
some improvement in the protein values by the hay 
when the wheat of a constant lot is low in this and the 
timothy is the variable soil treatment. This seems to 
support the theory that the effects of the trace ele
ments may be expected to come via their help as en
zymes, or activities connected with the plant's synthe
ses of the proteins. Twelve fields in the study were 
treated with 100 lbs.! Acre of Es-Min-EI, a commercial 
trace element mix containing 41.2 % Mn S04, 15% Cu 
SO'I, 15% Fe S04, 5.0% Zn S04, 10% mg S04, 1.5% 
borax. These plots were also heavily treated with the 
major essential elements. The trace element had only 
a slight effect on percent of the cotton harvest during 
the first picking, no effect on the staple (length of 
fiber) and percent of lint. There was a trend towards a 
lower percent harvest at the first picking where Es
Min-EI was applied. On two soils a more detailed 
study was made of the response of cotton to trace 
minerals. The greatest response on the Marchbank 
Farms was obtained from a treatment of 1000 lbs./ Acre 
of gypsum (Ca S04)' Copper and manganese plots 
;vere comparable to the check plots while the zinc 
sulfate treatment gave a slight increase in the yield of 
lint. Copper, gypsum, zinc, and borax treatments in
creased the yield on the Van Robb Farm (Sikeston) . 
No response was observed when Ca COa was applied, 
thus the response from gypsum (Ca S04) was proba
bly due to the sulfur it carried. It appears from the re
sults obtained on the Van Robbs Farm, and other loca
tions that copper, zinc, sulfur and borax may be bene
ficial on some of the southeast Missouri soils. Trace 
element treatments were beneficial on wheat grown 
at four locations in the southeast part of the state. The 
soil types were Bertrand Sandy loam, Sharkey sandy 
clay, and Sharkey clay. The trace element treatment on 
the wheat was 100 lbs.! Acre of Es-Min-El. 

Small or no responses were observed from trace 
element treatment on Sanborn Field during the ad
verse season of 1954. Trace element treatments on 
barley, red clover, oats, wheat, and alfalfa on South 
Farms were not beneficial as determined by increased 
yields. Small responses were observed at Weldon 

Spring from manganese and zinc treatments on wheat. 
Copper, borax, and a complete trace element mix de
creased the wheat yields. Poor stands of wheat were 
obtained on these plots, which were not due to toxic 
concentrations of copper, boron, etc., in soil but to the 
placement of the trace element materials. The place
ment should be separate from the seed except when 
only minute quantities are applied as a dust to the 
seed or very small quantities are mixed with the starter 
fertilizer. 

Corn was planted on the trace element plots at 
Salem (Dent County). The drouth and heat of July 
severel y damaged the entire field and resulted in a 
complete crop failure. Foliage samples were collected 
after the plants had been badly damaged. 

Red clover grown on Sanborn Field on plots 
having widely different fertility levels both with and 
without trace elements was harvested and saved for 
chemical and bio-assay studies. (Project 92) 

The Permanence of Grass-Legume Sod 

G. E. Smith, T. M. Dean and Carl Hayward 

The dry, hot season of 1954 killed many of the 
grass stands. Yield records at all locations except Lath
rop, are of little value. New seedings made at Colum
bia, Milan, and Pierce City were killed by dry weather 
and must be resown. Most legumes, except alfalfa, 
were killed in established stands. There was also a 
serious reduction in stands of most grass species, ex
cept fescue, in the southern part of the state. 

In north Missouri where the weather conditions 
were more favorable the addition of soil treatments 
increased the yield of a meadow of timothy and mixed 
grasses as follows: 

No treatment 1975 lbs./ Acre 
Lime + 33 + 200 + 100 3950 lbs./ Acre 
Lime + 100 + 200 + 100 4609 lbs./ Acre 

The effect of nitrogen on this timothy was spectacular. 
Where legumes are not present chemical nitrogen can 
greatly increase the growth of grasses. (Project 99) 

Crop Sequences and Continuous Cropping As 
Affected by Legumes and Soil Fertility 

G. E. Smith, W. J. Upchurch, Theo. Dean 
and Milton Brown 

Results from these field experiments are limited 
because of the hot dry season. Small grain yields were 
the highest on record. It was evident that the combina
tion of the favorable season of 1953-54 for small grains 
following the dry season of 1953 had released a larger 
amount of nutrients from soil mineral reserves than 
had occurred in several years. The yield of 8.9 bushels 
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per acre of wheat on Plot 9 was the highest produced 
since 1937 (also following a record breaking drouth 
year). (Project 117) 

Soil Testing Routine Methods 

E. R. Graham and V. Renner 

The development and control of suitable, reliable 
methods to be used in the out state laboratories is of 
great importance to the agriculture of the state. The 
fact that soil samples may be taken at only certain 
parts of the year point to the seasonal problem of soil 
testing. Therefore, rapid, yet accurate, procedures for 
preparing the soil as well as rapid, accurate chemical 
tests must be made available. 

It is the objective of this project to prepare and 
supply enough high quality reagents, equipment, and 
standards of soil and solutions for the analysis of ap
proximately 120,000 samples of soil to be tested by the 
county extension agents. A special effort is being made 
to provide some suitable plans for speeding up the 
preparation of the soil samples. 

A study of the physical-chemical properties of 
polyvinyl alcohol was made. The results of the study 
revealed that solutions prepared at high temperatures 
were clear, but had a tendency to promote floccula
tion in the blank. Solutions prepared at low tempera
tures were slightly turbid and would interfere with the 
light adsorption characteristics of the solutions. The 
reagents could best be prepared by dissolving by con
tinuous stirring and heating to 80° C. 

A study was made by the soil science society and 
the University of Missouri on the accuracy of the 
magnesium test. It was concluded that the thiagol 
yellow test as outlined in Circular 345 (Mo. Agri.) 
was more accurate than any other procedures for 
magnesium tested. 

All soil test methods used in the state were check
ed for accuracy by sending soil samples to county 
agents. The analysis of the 150 checked soil samples 
analyzed by the county agents showed that a properly 
staffed, well-equipped county soil laboratory could 
obtain results well within the ranges anticipated by 
check work done in the experiment station laboratory. 

The preparation of reagents, standard soils and 
chemical solutions of known concentration, and stand
ard uniformly analyzed soil samples were made avail
able during the year. In addition to the reagents, many 
laboratories were furnished with automatic reagent 
pipettes and with automatic transfer pipettes; this 
equipment was especially designed to fit the particular 
problems of soil testing. 

Each batch of reagents is checked for quality be
fore shipment. (Project 170) 

Fertilizer Applications on Farm Crops 

G. E. Smith, W.). Upchurch, Carl Hayward,). A. Roth 
M. H. Brown, Earl Calvin, N. H. Trickey, 

Frank Stanley and G. H. Wagner 

The effect of temperature, soil moisture, and 
methods of application on the loss of ammonia from 
solutions of ammonium nitrate and ammonia in water 
have been measured in the laboratory and by wheat 
yields in the field. The loss of ammonia was increased 
as soil moisture was lowered and temperatures were 
raised. Losses were less when applied on soil than on 
crop residues. These solutions gave increases in wheat 
yields equivalent to solid forms of nitrogen when ap
plied under the surface of the ground. 

On most Missouri soils, mineral fertilizers can 
be applied in late fall for spring planted crops. On all 
but the most sandy soils, fall applications of nitrogen 
on fall seeded small grains and pastures have been 
equal or superior to spring applications. Fall applica
tion of nitrogen to grass has increased the yield of seed 
more than spring applications. 

The season of 1954 was deficient in rainfall over 
most of the state. Small grain yields were the highest 
on record, but excessive summer temperatures, low 
humidities and deficiencies of moisture resulted in 
loss of corn and soybean experiments (except where 
irrigated). Records from forages were limited to spring 
harvests. Cotton yields were above average but re
sponse to treatments in some experiments were limit
ed by moisture shortages. (Project 178) 

Missouri Soil Survey ami Classification 

H. H. Krusekopf, M. E. Springer and C. L. Scrivner 

Continuation of the project to classify and to 
evaluate the character and qualities of the soils of Mis
souri. This is a large project. Less than one-half the 
state area has been classified. At present slow rate of 
progress, many years will be required to complete the 
project. The increasing demand makes apparent the 
need for soil survey information, not only to farmers 
and many others, but particularly in the field of voca
tional education. As an aid in this direction, there 
have been soil judging demonstrations. Continued 
efforts are being made to make soil information avail
able in a variety of forms to suit various groups. 

A classification and evaluation of the University 
forest lands in Butler County as a forest site has been 
completed. Some progress has been made in corre
lating forest soils to geologic formations. This study 
will be continued. 

The soil survey cooperated in the preparation of 
a regional soil map and the compilatio-? of a soil ~ey 
for the twelve north-central states. ThiS cooperative 
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project is near completion. 
Extensive field studies were made throughout the 

northern part of the state for a better understanding 
of soil conditions at contact zones of loess and glacial 
clay. The exposure of the clay, under certain condi
tions, due to the erosion removal of the overlying 
loess, has created a soil condition at these places, that 
makes the land almost useless except for pasture. 
Many thousands of acres in the northwestern part of 
the state have thus become deteriorated. An interpreta
tion of this condition is essential for soil classification, 
and is basic to an understanding of the erosion prob
lem. This study will continued. (Project 206) 

The Fertility Level of Missouri Soils 

E. R. Graham, H. Johnston, D. O. Howe, M. H. Brown 
R. C. Coffee and W. T. Higdon 

The results of the studies on plant roots revealed 
the possibility of relating exchange capacity of roots 
to the amount of calcium held against weak acid ex
changes. Here ten-second acid exchanges were made 
with calcium saturated roots to equal 100 percent or 
20 percent of the exchange capacity. 

RESULTS OF THE ESTIMATION METHOD FOR 
DETERMINING THE ABILITY OF ROOTS TO 
HOLD CALCIUM AGAINST ACID EXCHANGES 

Sample 
Corn 
Cotton 
Soybeans 
Corn 
Cotton 
Soybeans 
Corn 
Cotton 
Soybeans 

Age 
3 wee1!:s 
4 weeks 
6 weeks 
3 w!'!eks 
4 weeks 
6 weeks 
4 weeks 
4 weeks 
4 weeks 

Exchange Cpc 
M.E./lOOg 

Roots 
31.5 
64.4 
37.9 
35.0 
49.0 
33.7 
20.5 
38.6 
36.0 

% of "Exchange 
Ca Removed 

by Acid 
Extraction 

64.1 
55.0 
68.0 
36 
12 
31 
70.6 
60.0 
57.6 

At the same age cotton and soybeans had a higher 
exchange capacity than corn. The soybeans and cotton 
held calcium against acid exchange to a greater extent 
than corn. 

At early stages of wheat growth the wheat plant 
had a high capacity for holding calcium. After 3 weeks 
this capacity decreased. 

A direct relationship of the exchange capacity 
with nitrogen concentration was revealed. As the ex
change capacity decreased with the age of the plants, 
the percent nitrogen of the roots decreased. The 
amount of calcium held against weak acid exchanges, 
the percent nitrogen and the exchange capacity were 
all highest in young plants. 

A study of the availability of Rock phosphate to 
alfalfa under different physical chemical conditions 

revealed the following items of importance: 
A study of the availability of phosphorus held 

rock phosphate in relation to the soluble salt content 
of clay sand cultures. Alfalfa was grown as the test 
crop. The less than .2 fJ. Putnam clay was brought to 
desired saturation by making the system unsaturated 
by treating the Na suspended clay with hydrogen
Amberlite (IR-120) then electrodialyzing to recon
centrate, then adding carbonates or hydroxides of Ca, 
Mg, and K. Trace elements and nitrogen as ammo
nium nitrate were added in small amount. Phosphorus 
was added as either rock phosphate or phosphoric 
acid. Calcium, magnesium, potassium, and sodium 
salts were added. Calcium and magnesium salts were 
added in series at 0.010, 0.020, 0.041,0.081,0.163, and 
0.326 moles per liter and potassium and sodium salts 
at 0.020, 0.041, 0.081, 0.163, 0.326, and 0.652 moles 
per liter of soil water. 

The results showed all salts to interfere with the 
availability of phosphorus held in rock phosphate. 
However, calcium salts reduced phosphorus uptake 
with small reduction in plant yields. Magnesium salts 
demonstrated variable effects on plant yields and 
phosphorus uptake. Potassium salts of different anions 
indicated different degrees of response, with the car
bonate and sulfate demonstrating smaller reductions 
than the chloride and acetate. Sodium sulfate gave a 
reduction in crop yields and phosphorus uptake indi
cating an influence of excessive sodium. 

Fertilization for crop production using the results 
of soil tests as a guide has been effective for summer
growing crops on most soils of the state. One notable 
exception has been the level Oswego-like soils of 
Southwest Missouri. Numerous instances of failure 
have been recorded particularly in terms of corn. 
Examination of the soil from potS where failures were 
recorded have in every case revealed that the deeper 
layers of soil were powdery dry even in years like 1951 
when ample rain was well distributed throughout the 
summer season. 

The purpose of this investigation was to deter
mine if possible the cause for the dry condition in the 
deeper horizons of this soil as it occurred on the Burk
hardt Farm near Windsor, Missouri. A knowledge of 
the factors responsible for the unfavorable condition 
of the soil should be helpful in the design of corrective 
measures that might be used. 

The physical and chemical characteristics of the 
Oswego soil on the Burkhardt Farm near Windsor, 
Missouri, were studied in order to determine why this 
soil has failed to respond to fertilization. 

A two gallon crock was filled with dry soil col
lected at a depth of 42 inches in the profile. One inch 
of water was added to the surface of the soil in the 
crock. After one "";'eek, water remained standing on 
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the surface. This was poured off and the soil was re
moved revealing that the soil in the bottom of the 
crock was still dry. 

The coarse. fraction of the soil contained a trace 
of sand, the rest of the material being silt. The surface 
soil to a depth of 5 inches contained 26 percent day. 
The clay content of the 5 to 11 inch horizon was 58 
percent and this decreased progressively to 38 percent 
at a depth of 42 inches. This soil contained a clay pan 
similar in many respects to that in the Putnam silt 
loam. The high content of clay in itself would not 
explain the unfavorable behavior of this soil with 
regard to water. Other soils containing as much or 
more clay behave satisfactorily. The organic matter 
content of the soil was 2.2 percent in each of the two 
top horizons. This is a normal level for many soils. 

The volume percentages of solids, water and air at 
field capacity were similar to those for the Putnam silt 
loam. They were not the best relationships for a soil 
but alone they would account in no way for the un
desirable behavior of the soil. (Project 207) 

The Protein Rate of Nitrogen in Organic Matter 

John Falloon, W. A. Albrecht, V. L. Sheldon, 
M. Elsworth and W. D. Klobe 

Early soil investigations reported that nitrogen 
containing compounds entered the plant through the 
roots and reacted with the protoplasm in building up 
the plan t protein. The following were studied: 
nucleic acids, hypoxanthine, xanthine, guanine, 
creatinine, histidine, arginine, asparagine, glycine 
and leucine. Other studies seemed to indicate that 
these organic compounds can commonly supplement 
the inorganic nitrogenous salts. When the concentra
tion of the soluble organic substances in the soil ad
jacent to the growing root may be as high as the avail
able inorganic ions, we need to examine the nature 

. of the synbiotic compounds entering and leaving the 
roots and microbes. While substances of antibiotic 
nature may be involved, those normal products of 
cellular metabolism present themselves for first consi
deration. As a preliminary study seeds of Sorghum 
vulgare variety At Las were sterilized and germinated 

Pounds of P205 applied per acre in 1950: 

in petri dishes for 6 days. They were aseptically trans
ferred to sterile 100 ml centrifuge tubes containing a 
complete inorganic media, except for nitrogen. Then 
urea, ammonium nitrate, arginine, lysine, glutamic 
acid and aspartic acid were separately added so that 
each tube contained 10 milligrams of nitrogen. The 
seedlings were allowed to grow for one week at which 
time they were weighed and the photograph taken. 

The results indicate that all of the compounds 
except glutamic and aspartic acids are taken up by the 
seedlings if we are to judge from the fresh weights. 
The sorghum plant apparently contains the arginine
ornathine-utilline-urea system of enzymatic utilization 
of nitrogen. The addition of the B vitamins, niacin, 
pyridoxine and thiamine seemingly do not enhance 
the utilization of these compounds. Possibly they 
assist with the transformations of ammonium nitrate 
within the plant. (Project 208) 

Reclamation of Eroded Soils 

C. M. Woodruff 

This study consists of 7 erosion plots of 0.012 
acres each cropped and treated as follows with the 
results obtained for 1954: 

Crop and Treatment 
1. Legume meadow - fertilized 
2. Grass & Legume meadow - fertilized 
3. Grass meadow - fertilized 
4. Corn - fertilized - 1 stalk per hill 
5. Corn - fertilized - 2 stalks per hill 
6. Corn - ·fertilized - 3 stalks per hill 
7. Corn - fertilized - 4 stalks per hill 

Yield - 1954 
None 
None 
None 
12.7bu/A 
20.0 
13.0 
12.1 

Extremely high temperatures and lack of rain 
reduced the yield of crops to very low values. The corn 
yields obtained from these plots were the only yields 
of corn obtained on the experiment station fields in 
1954. 

. One study, started in 1950, consists of a series of 
pots of eroded soil that were treated with different 
amounts of phosphate fertilizer and cropped con
tinuously to clover. The clover was reseeded in 1954 
and two harvests were obtained. The results to date 
may be summarized as follows: 

o 20 , 40 80 160 320 640 1280 
Gms. of Clover harvested per pot: 

1954 3.7 4.0 4.6 5.6 12.7 24.2 28.9 25.0* 
Total 44.7 52.9 66.2 . 93.8 140.4 202 312 435 

Increase in Gms. of Clover per pound of phosphate applied: 
To Date .41 .54 .61 .60 .49 .42 .31 
*Note: Infestation of insects destroyed clover on this pot so that only one cutting was obtained during 1954. 

(Project 209) 
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Climate Variations on Agricultural Production 
in Missouri 

W. L. Decker 

OBJECTIVES in this study : 
A. The compilation and summarization of weather 

data. 
B. The calculation of dry period expectancies. 
C. The determination of freeze hazards. 
D. The. collection of soil temperature data in Mis

soun. 
E. The determination of variations in micro-climates 

. under Missouri's agricultural conditions. 

The Compilation and Summarization of Weather Data: 
The data from five additional weather stations 

have been placed on IBM punch cards. The locations 
of these weather stations and the length of record pro
cessed are: 

Location Inclusive Dates 
Campbell 1918 through 1948 
Elsberry 1918 through 1948 
Fayette 1927 through 1948 
Lamar 1918 through 1948 
Moberly 1936 through 1948 
Weather records from 56 locations have now 

been processed. These locations represent one weather 
station for every 1250 square miles of area. The ques
tion arises whether this density of weather stations is 
adequate for describing the climate of Missouri . 
(Project 210) 

Infiltration Rates and Available Water Capacity 
for Major Missouri Soils 

D. D. Smith, G. E. Smith, C. L. Scrivner, 
]. A. Roth and P. M. Smith 

A type F infiltrometer was not available for any 
test runs. Laboratory equipment, including compres
sor, and pressure equipment for determining water 
holding capacity and moisture sorption curves has 
been secured. 

Some preliminary data were secured on these soils 
of Southeast Missouri by Scrivner and Roth. They 
report as follows : 

OBJECTIVE A - WFILTRATION RATES 

Soil Type 
Dester fine sand 
Sharky Clay 

Time for infiltration of 1/2 in. 
increment of water 

1st. 
1/2 Inch 
2.4 Min. 
1.5 Min. 

2nd. 3rd. 
1/2 Inch 1/2 Inch 
5.3 Min. 7.0 Min. 
4.+ Min. 

Tests were made by use of ring type infiltrometers 
using clear water, during December 1954 when the 

moisture content of the soil was at field capacity. 
OBJECTIVE B - AVAILABLE MOISTURE CAPACITY 

Available Moisture in 
upper 2 ft. of Soil. 

Fld. Cap. - Permanent 
Moisture Wilting Pt. 

content at Wt. Volume Per 
Soil Type Fld. Cap. BaSis Basis Foot 

Percent Percent Percent Inches 
Dexter Find Sand 8 6 9 1.0 
Dexter Fine Sandy Loam 15 11 15 2.0 
Sharky Clay 35 13 14 2.0 

Field capacity percentages were determined on 
soil samples collected from the field at a time when 
the soil appeared to be at field capacity. 

Percentages of moisture at a permanent plant 
wilting point were determined by interpolation from 
moisture release curves by Richards and Wadleigh 
reported in "Soil Physical Condition and Plant 
Growth." 

Bulk density figures for calculation of available 
moisture by volumes were assumed as follows: 

Fine sand 1.5 
Fine Sandy loam 1.4 
Clay 1.3 (Project 211) 

Soil Tests and Fertilizer Response 

G. E. Smith, E. R. Graham, W.]. Upchurch,]. A. Roth, 
T. M. Dean and Carl Hayward 

Results were obtained only on small grains and 
cotton this year. The shortage of moisture and high 
temperature prevented the procurement of soil test 
correlation data on other crops. Soil samples (6 com
posites from each plot) were taken from each plot on 
Sanborn Field and from a portion on South Farms. 
Laboratory determinations are now being made. 

Weather conditions were ideal for the production 
of high small grain yields in 1954. Where land was 
summer fallowed or chemical nitrogen was provided, 
many soils with relatively low tests for phosphorus 
and potassium produced high yields of small grains. 
Following the dry season of 1953 apparently a greater 
amount of these nutrients was released as the small 
grains rooted deeper than is true in seasons of higher 
rainfall. It appears that in dry seasons the nutrient 
delivery from the subsoil has more influence on crop 
yields than in normal years. 

The amount of nitrogen added increases the need 
for phosphorus and potassium. Where no chemical 
nitrogen was added, little response from phosphate 
additions on small grain was obtained in 1954 when 
the soil test showed more than 100 pounds per acre 
of this element. Potash fertilizers gave little increase 
when the soil test showed over 200 pounds of ex
changeable potassium. However, when nitrogen ap-
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plications were increased, soils with much higher tests 
gave response. 

Results are not consistent in all of these experi
ments. It appears that the phosphorus and potassium 
in the starter fertilizer (either 12-12-12 or 8-24-8 @ 
300 pounds per acre) was sufficient to take care of 
mineral needs. Additional nitrogen increased yields 
on all but Farms Nos. 6 and 7. Additional phosphate 
increased the yield on Farms, 3,4, 7 and 8. Farm 3 had 
a phosphate test of 44 pounds; Farm 4, 108 pounds, 
and Farms 7 and 8, 282 and 522 pounds, respectively. 
Apparently the soil tests in use show more phosphorus 
available on these heavy clay soils than can be absorb
ed by wheat. Additional potassium over the amount 
provided by the starter fertiliz(;r increased yields only 
on Farm 1 where the soil tests showed 216 pounch of 
exchangeable potassium in the surface soil. The reduc
tion in yield from potassium on Farms 3,4, and 5 may 
have been due to injury in the dry fall of 1953. (Project 
229) 

Soil Treatments for Maximum Crop Yields 

G. E. Smith, W.). Upchurch,). A . Roth, Carl Hayward, 
Milton Brown, Theo. Dean, and Earl Calvin 

Small grain yields obtained in 1954 were the high
est on record. High temperatures, low rainfall and 
high humidities caused the death of much of the corn 
crop and a failure of summer ,growth of forages in the 
suuthern two-thirds of the state. Cotton gave good in
creases to proper soil treatments. In most areas crop 
yields were limited by a shortage of soil moisture, and 
the liberal soil treatments in some experiments did not 
exert much effect on yields. 

Heavy application of minerals gave small in
creases in yield over the application of starter fertilizer 
on most soils. The depression in yields from high 
potassium and magnesium .lpplications may be due 
to injury during the dry fall. There is indication that 
some of the soils responded to trace elements. 

The increased growth of straw has made difficult 
the securing of a stand of grasses or legumes when 
these heavier treatments of nitrogen are applied. It 
does not appear possible to obtain maximum yields 
of small grains and still use them as nurse crops. Ap
parently if these levels of treatments are applied, dif
ferent crop sequences or practices must be adopted to 
secure forage stands. 

Summer weather prevented most corn experi
ments producing any grain. Where some grain was 
produced, these above normal applications of fertilizer 
increased yields. The previous crop and reserves of 
subsoil moisture influenced yields more than did the 
1954 treatment. (Project 230) 

Improvement of Soil Fertility Through Nitrogen 
and Organic Matter 

G. E. Smith, W. A. Albrecht and). A. Roth 

Results in this experimental work were limited 
to oat and wheat yields at Columbia. Corn failed to 
produce grain because of the drouth. Barley and winter 
oats were the test crops on the experimental area near 
Malden where the cotton hull compost was applied. 
The dry fall prevented obtaining a satisfactory stand 
and the yields gave no information of value. 

Yields of corn show little variation in yield , ex
cept for the lower production where no nitrogen has 

. been added. It appears that carbonaceous residues may 
be safely applied to nourish plants. 

In some years lodging has reduced yields of oats 
where initial applications of heavy rates of nitrogen 
fertilizers were made. However, the 1954 results would 
indicate that where sawdust, corn cobs, and wheat 
straw were applied in 1950 a beneficial effect was evi
dent in 1954. 

Results indicate that an application of 66 pounds 
of nitrogen with the straw is not sufficient to prevent 
a depression in wheat yields. Where straw has been 
burned and nitrogen applied yields have been highest. 
This soil is rapidly deteriorating in structure yet after 
six years is producing higher yields of wheat than 
where straw is returned. Where half the nitrogen is 
plowed down, yields on plots with straw returned are 
higher than when it is all applied, when the ground is 
plowed. Where the straw is burned there is an indica
tion that all nitrogen applied at one time has given 
slightly higher yields . It is of interest that growing 
lespedeza (none removed) and turning under with the 
straw has increased yield about the same as 33 pounds 
of nitrogen. (Project 231) 

Soil Treatments for Alfalfa 

G. E. Smith, w.). Upchurch, T. M. Dean and). A. Roth 

This project was not initiated until in the fall 
of 1954 and new experimental work was started only 
at Columbia this past fall. However, some older work 
formerly reported under H 178 has been transferred to 
this project. New seedings in one experiment at 
Pierce City were made in the spring of 1954, but the 
stand, over 75 percent of it, was killed. It will be re
seeded this spring. 

Dry weather the past season reduced yields on 
established seedings. However, this crop proved its 
merit under these adverse weather conditions and 
showed much promise on some soils with adequate 
treatment, where it has not been considered adapted. 
Plots at Columbia, on Putnam silt loam, seeded in 
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1950, where soil saturation had been brought to prop
er saturation to a depth of 12 inches produced over 
4 Y2 tons of hay in three cuttings. One of the treat
ments has averaged over 4 Y2 tons for the past four 
years, and still has a good stand. Although the cost 
appears high ($40.00 per acre the first year and an 
annual cost of $15.00) when compared with treat
ments, the returns have been profitable. When the 
nutrients removed by alfalfa are considered, the nutri-

* * * 

ents added have little more than replaced those re
moved. In other plots at Columbia the need for ade
quate potassium treatment and deepening of the sub
soil showed response. At Lathrop, on Sharpsburg silt 
loam, the soil treatments showed less response than 
in previous years. This indicated that the roots were 
feeding deeper and treatments in the dry surface soil 
had less effect than in seasons of higher rainfall. (Pro
ject 24?) 

* * 

Veterinary Medicine 
A. H. Groth. Dean 

Differentiation of Vaccination and Natural 
Infection Induced Brul:ella Abortus Titres 

Cecil Elder and D. E. Rodabaugh 

Fifteen naturally infected cows and ten adult vac
cinated cows were on the experiment. All cows were 
blood tested twice to establish end titres. All animals 
were then injected with 5 cc of dead Strain 19 vaccine 
intramuscularly. The vaccine was killed by heating in 
a water bath at 65° C. for 30 minutes. Three post
injection blood tests were made at 1, 2, and 4 weeks 
respectively in order to study the effect of the injection 
upon blood titres of the two groups of cattle. 

Blood titres of all adult vaccinated cows increased 
two or more dilutions within one week after injection 
of the dead vaccine. One out of fifteen infected cows 
showed an increase of two dilutions within two weeks 
after injection. Titres of all other infected cattle re
mained stationary throughout the test period. 

The infected animal that had an increase in titre 
was reacting at a dilution of 1 - 100 at time of inj~ction 
while all other infected cattle reacted 1 - 400 or hlgher. 

Milk samples were collected aseptically from the 
infected cow that had shown an increase in titre and 
cultures were made in an effort to isolate Br. abortus 
from the cream. Four guinea pigs were also inoculated 
with the cream in an effort to isolate Br. abortus. Cul
tures were all negative and inoculated guinea pigs 
showed no lesions of Brucella infection and had a 
negative blood titre for brucellosis. (Project 8) 

Internal Parasites of Sheep and Cattle 

Cecil Elder, D. E. Rodabaugh and G. C. Shelton 

The work this year was divided into three parts. 
Part 1 was a study of the value of phenothiazine-salt 

mixture (1-10) in preventing infestation of lambs with 
internal parasites when placed on heavily infected 
pastures. Part 2 was a study of the transmissibility of 
sheep parasites to calves under pasture conditions. 
Part 3 was a study of low level phenothiazine in the 
feed of calves as a parasite preventive. 

In part 1, 14 lambs of the S. E. pasture were trans
ferred to the South pasture Aug. l. These lambs had 
been on phenothiazine-salt (1-10) since birth and had 
very low parasite egg counts at the time of transfer. 
The sheep and lambs in the South pasture had re
ceived no treatment and, based on parasite egg countS, 
had a relatively high infestation of parasites. One-half 
of the S. E. pasture lambs transferred were maintained 
on phenothiazine-salt by separating at night into a 
pen where the phenothiazine-salt mixture was avail
able. The other half of the S. E. pasture lambs had 
access to salt alone but only at night along with the 
lambs of the South pasture. 

Weekly fecal examinations were made on all 
lambs in the South pasture until October 21 at which 
time the tests were concluded. Average egg counts of 
the two groups of transferred lambs remained very 
much the same throughout the test period. While 
neither group of lambs developed clinical symptoms 
of parasitism there was a considerable increase in egg 
countS in both groups after transfer to the South pas
ture, indicating that phenothiazine-salt mixtures did 
not prevent infestation. At the conclusion of the tests 
equal quantities of feces were collected from each 
group oflambs and set up in culture to determine 
viability of parasite eggs. Larvae were removed from 
the incubated cultures by Baermann apparatus and 
numbers counted. There were 5,609 viable larvae re
moved from 152 grams of feces from lambs on 
phenothiazine-salt while a total of 15,940 larvae were 
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removed from an equal amount of feces of the lambs 
on salt alone. This would seem to agree with work 
done at other stations and indicates that phenothia
zine-salt mixtures retard parasitic infestation by reduc
ing viability of eggs and preventing build-up in pas
tures rather than actually destroying the parasite in the 
digestive tract. . 

In part 2 of the experiment three Holstein calves 
were removed from their mothers a few days after 
birth and placed in pens with slatted bottoms. Special 
precautions were taken to insure against parasite in
festation. When the calves were 4 weeks old they were 
placed in a pasture with sheep and lambs that were 
receiving no treatment for parasites and that had a 
moderate infestation of parasites. Fecal examinations 
were made on calves at regular intervals until late 
October at which time two of the calves were autop
sied. At no time during the grazing period did any of 
the calves show more than just a few parasite eggs on 
fecal examinations and there were no clinical symp
toms of parasitism. Autopsy of two of the calves and 
examination of abomasal and intestinal contents re
vealed a few adult parasites of each of the following 
species: 
Hemonchus contortus, Ostertagia circumcincta, Cooperitl 
curteicii and Trichuris ovis. There were a few nodules in 
the small intestines but no nodular worms were found 
in the large intestine. 

Conditions for producing parasitism were not 
ideal during the past grazing season. The weather was 
extremely hot and dry and the pasture was eaten so 
closely by the sheep that the calves had little oppor
tunity or inclination to graze. However, since some of 
the lambs in the pasture became rather heavily para
sitized, we believe the tests would indicate that calves 
have some degree of resistance to sheep parasites 
under pasture conditions. 

Part 3 of the experiment was in the form of a pre
liminary test to study problems connected with experi
mental feeding of low-level phenothiazine in feed in 
order to control internal parasites of calves. Four calves 
were raised free of parasites in pens with slatted bot
toms. When the calves were about 8 weeks of age, 
they were weaned from milk and fed a grain mixture 
and alfalfa hay. The grain mixture given to two of the 
calves contained a commercial phenothiazine product 
mixed in such a manner as to assure the daily con
sumption of 2 grams of phenothiazine per calf. The 
other two calves received grain without phenothia
zine. Approximately one week later all four calves 
were dosed with equal numbers of parasitic larvae cul
tured from infected bovine feces. Additional dosings 
were made at frequent intervals following the initial 
dose. Fecal samples were collected twice weekly dur-

ing the patent period to determine eggs per gram and 
viability of eggs in the feces . At the termination of the 
experiment all calves were slaughtered and counts 
made on the number of parasites in the gastro-intesti
nal tract. 

Results of this preliminary test indicated that 
calves on low-level phenothiazine were as receptive to 
infection as the controls but the parasite eggs in the 
feces of the treated animals were not as viable as those 
of the controls. At autopsy the treated calves had a 
very small number of stomach worms ( Ho contortus) 
as compared to the controls. There was no significant 
difference between the numbers of small intestinal 
parasites (Cooperia sp., Strongyloides sp. etc.). There was 
a total absence of nodular worms (Esophagostomum sp.) 
in the treated calves compared to a few in the controls. 
However, with the small number of calves on test, the 
above results may be within the realm of coincidence. 
Further tests using a larger number of calves should 
be carried out before definite conclusions may be 
drawn. (Project 108) 

Hog Cholera Immunization 

Cecil Elder and D. E. Rodabaugh 

During the period 1951-1953 incl usi ve, 41 sows 
and their pigs were divided into two approximately 
even groups or lots. One lot received a good ration 
plus pasture and the other lot received a low protein 
ration without pasture. The pigs were vaccinated in 
various ways and then challenged with virulent hog 
cholera virus in order to test their resistance or im
munity. It was found that factors other than low pro
tein levels were probably involved in the failure of 
some of our groups of pigs to become solidly immu
nized. These factors may have been aggravated by the 
deficiency of protein or by some other element that 
may have been deficient in the ration involved. The 
degree of immunity established may vary considerably 
in individual pigs depending upon these factors being 
present either at the time of vaccination or challenge 

During the period 1951 to 1954 inclusive, 59 sows 
and their 419 pigs were divided into two approximate
ly even groups or lots. One lot received a good ration 
plus pasture and the other lot received a low protein 
ration without pasture. The pigs were vaccinated in 
various ways and later challenged with hog cholera 
virus to test their immunity to this disease. 

From the results obtained, it seems apparent that 
the feeding of sows and their pigs on a ration grossly 
deficient in protein did not prevent immunization of 
the pigs against hog cholera when vaccinated with 
antiserum and virus. Differences in average tempera
tures of pasture lot and dry lot pigs were not consid-
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ered especially significant in relation to immunity. 
The use of vaccines either alone or in cQnjunction 

with small doses of antiserum showed some variation 
in protective ability. With one exception (1952 trials) 
death losses and clinical symptoms resulting from 
challenge occurred in the low protein level pigs. This 
would seem to indicate that the pigs failed to become 
solidly immunized because of a deficiency of protein 
or some other element deficient in the diet provided. 
On the other hand, only a relatively small percentage 
of low protein level pigs were visibly affected, the ma
jority surviving challenge with nothing more than a 
temporary temperature rise. This would indicate that 
some other factor or factors must have been involved 
in the few pigs failing to become solidly immunized. 
Such factors may have been aggravated by the defi
cient diet provided. (Project 140) 

Pregnancy Disease In Sheep 

Cecil Elder and H. H. Berrier 

Six flocks totaling 123 sheep were treated for 
pregnancy disease on a flock basis. Upjohn's Keto
gestin and Cortisone Acetate were used on these 
flocks. \"'V'hen the 123 sheep were tested, 45 were found 
to be Ketonuria positive and ranged from a one plus 
to a four plus reaction (4 plus meaning a yery strong 
reaction.) Of the 45 reactors 13 died, but only 3 of the 
13 that died exhibited typical symptoms of pregnancy 
disease without other complications. 

On the basis of flock management and flock treat
ment Ketogestin and cortisone acetate played an im
portant part in carrying many reactors through the 
lambing period. These animals probably would have 
died without these therapeutic measures having been 
taken. Bc:cause of the cost involved in repeated calls 
to the farm and the repeated injections found neces
sary, the treatment although having considerable 
value is much too expensive. Further work should be 
done with these products with the hope of decreasing 
the expense and increasing the prophylactic value. It 
was found that ewes showing clinical symptoms of the 
disease very definitely need individual treatment with 
therapeutic doses and supportive treatment. The value 
of correcting the feeding and management of the re
mainder of the flock was very clearly demonstrated. 
(Project 144) 

Pullorum Testing and Production of 
Pullorum Antigen 

H. C. McDougle, P. M. Newberne, A. H. Groth and 
A.J. Durant 

Standard tube antigen was produced to set up 285, 

207 samples, using 2 ml dilute antigen for each test. 
Tube antigen is storage sufficient for 45,000 tube 

tests. 58,707 tube tests were made in this laboratory; 
i. e. 13,362 chicken samples, 202 geese samples and 
45,143 turkey samples. The percent positives of the 
rotal tests was 0.52. Tube antigen to test 226,500 birds 
was distributed to 3 hatcheries in Missouri. Screening 
tests, dill-25, apparently detected birds that were not 
carrying S. pullorum as determined by cultural meth
ods. Standard strains 17, 19, and 20 are apparently 
stable. Plate antigen was produced to determine the 
titre of Salmonellas sera, as reported in B-J 5 Project 
176-A. (Project 145) 

Prevention of Disease Transmission from Carrier 
Sows to Baby Pigs 

John Lasley and Doniphon Hilliard) 

OBJECTIVE: 

Use of a modified live hog cholera virus of por
cine origin and anti-hog cholera serum for the control 
of hog cholera. The pigs were immunized by giving 
each pig 2 cc virus in one flank and lOcc serum in the 
opposite flank, administered subcutaneously. 

A total of 258 pigs for Animal Breeding and 160 
for Campus lots were immunized during the Spring 
of 1954, with excellent results. 

A total of 272 pigs for Animal Breeding and 155 
in Campus lots were immunized against cholera dur
ing the Fall of 1954, also with excellent results. This 
was a total of 845 pigs for the 1954 year. 

There has been no cholera diagnosed in Univer
sity swine since the Fall of 1951. Only modified live 
virus of swine origin is in use on the University swine. 
Post vaccination reactions and other complications 
have been less each farrowing season since 1951. A 
large share of the credit for such improvement belongs 
to the Band C parts of this disease control project, 
namely the use ofbacterins to control both salmonel-
losis and erysipelas. . 

The pigs are vaccinated against hog cholera while 
still nursing the sows but at an age of 5 to 7 weeks 
with the aim of completing the vaccination at least a 
week prior to weaning at 8 weeks of age. 

A total of 12 farm calls were made during the 
Spring and 7 calls during the Fall vaccination seasons. 
Numerous trips were also made to the Campus Hog 
Barn and the R. G. Barn during the Spring, and again 
in the Fall, to properly carryon this program. (Project 
175) 
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Salmonella Infections in Fowls 

H. C. McDougle, A. H. Groth, P. M. Newberne and 
A.J. Durant 

OBJECTIVES: 

A. Basic antisera were produced for typing Salmonel
las. 

B. Jan. 28, 1954, 10 toms and 20 hens were purchased. 
The above birds were equally distributed in 10 

pens at the Research Farm. The birds are being tested 
weekly, fecal and blood samples cultured as deemed 
necessary. We hope to hatch from each group and 
continue as aforementioned with the poults. 
a. Polyvalent C. Type 0; Groups A, B, C, C 2 , D, E 

and c. Type H. Sera: a, b, c, d, e, 1, 2, 3, 5. were pro
duced. 

b. Other antisera are now in production. 
c. To Jan. 31 1955, with the exception of S. pullorum, 

42 isolations have been made. S. typhimurium iso
lations were most numerous. Nine isolations were 
made in Group E. 

d. Ammonium sulfate typing was done on 57 cultures 
of S.pullorum; i.e,. 38 standard, 8 variant, and 11 
intermediate strains were determined by this meth
od. Serological typing is necessary not only to de
termine various Salmonellas recovered from birds 
or eggs in this project but to designate their occur
rence and distribution in Missouri. (Project 176A) 

* * * 

"Problem flocks" are aptly named by turkey 
hatcherymen. Hatcheryman "R" found 4 of his supply 
flocks low in hatchability, weak poults, and "blow 
ups." 13,664 eggs were subjected to 4 different shell 
treatments, the remainder no treatment as controls. 
Egg treatment was done in the hatchery. The results 
gauged by the percent of ("blow-ups"). Six percent 
saline on 5063 eggs (0.33); 1-5,000 solution 10,040 
on 5790 eggs (0.69); 1-1000 Quat-a-more 1049 eggs 
(0.63) 1-1000 Roccal 1402 eggs (0.49); and no treat
ment 1396 eggs (0.42) . Pseudomonas sp. was isolated 
from eggs and poults in each group. Staphylococci 
and streptococci from the controls. Proteus sp. from 
the Saline and Quat-a-more groups. B. SubtHis and S. 
typhimurium from the Roccal group. 

Turkey eggs apparently must be dipped under 
most Missouri operations. Farm dipping may be pre
ferable to hatchery dipping. (Project 176B) 

Effects of Cortisone and Drug Studies on Clinical 
Cases of Acetonemia 

Veterinary Physiology, Veterinary Medicine and Surgery 
and the Upjohn Company, Kalamazoo, Michigan 

No work was done on the project during the year 
due to the fact that the Ambulatory Clinic did not en
counter any cases of Acetonemia. (Project 177) 

* * 

Publications 
E. B. Winner, Editor 

REPORT OF PROGRESS: 

Administration: 
One staff member resigned and another trans
ferred to other work -so two new members were 
brought onto the staff. Division of responsibility 
continues as follows: 
2 staff members-bulletins 
1 staff member -radio 
1 staff member -television 
1 staff member -news 
1 staff member -administration & organization, 

development of new phases of 
program, and assisting with 

present ones. 
Some work was also done on motion pictures, 
but this was delayed because we were unable to 
locate a man to hire for this work. 

Radio: 
Thirty-four stations used the tape recorded pro
grams. Two-page daily farm news service pro
vided all stations in the state. Through spring 
and summer, special recordings on the insect 
situation were made for several key stations. 
Some 137 Extension Agents participated regularly 
in radio programs one or more times per week 
during the year. In addition, 110 agents made oc-
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casional broadcasts. 

Publications: 
All manuscripts submitted by the Experiment 
Station staff and approved for Station Publica
tions were edited and processed. 

News Releases, Periodicals, Special Publications: 
Research data were processed and furnished to 
weeklies, dailies, farm magazines and trade papers. 
Stories were provided to tbese papers and maga
zines through weekly issue of the Farm News 
Service, specials, and tips to staff writers of the 
various publications. In addition, periodicals such 
as the monthly Announcer and others, and special 
publications were edited and published. 

Television: 
Two 30-minute television shows were presented 

* * * 

weekly over KOMU-TV. 
Pictures and slides on news events were furnished 
to eight stations as available. 
County agent programs were organized with 
several stations and training sessions held with 
agents. Programs on KOMU-TV were deter
mined by the Division of Agricultural Sciences 
Television Committee which includes a represent
ative from each of the Departments of the Col
lege of Agriculttire and the School of Veterinary 
Medicine. 

Motion Picture: 

* 

This program was started during the year with 
two sound movies (1) Eggs Come in Packages -
8 minute length and (2) Research Reduces 
Drouth Risk-22 minute length completed and 
put in use. (Project 174) 

* 
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CONTRIBUTIONS TO SCIENTIFIC JOURNALS 

1447 The Antithyroroxic Factor, Irs Solubilization and Rela
tion ro Intestinal Santhine Oxidasel, by Boyd L. O'Dell , 
Sidney J. Stolzenberg,Joseph H. Bruemmer and Albert 
G. Hogan, Dept. of Agricultural Chemistry, Univ. of Mo. 
To be submitted for publication in Archives of Biochemistry 
and Biophysics. July, 1954. 

1448 The Relation ofInformal Social Groups ro the Diffusion 
of Farm Information in a Northeast Missouri Farm Com
munity by Herbert F. Lionberger, Dept. of Rural Soci
Chopped Ham Loaf, by R. F. Brooks and R. L. Henrick
ology, UnlV. of Mo. For publication in the Journal 0/ 
Rural Sociology. July, 1954. 

1449 Studies on the Microbiological Flora of Prepackaged 
Table-ready Meats III. Spiced Luncheon Meat and 
son, Dept. of Animal Husbandry, Univ. of Mo. To be 
submitted for publication in Food Technology. August , 
1954. 

1450 Studies on the Microbiological Flora of Prepackaged 
Table-ready Meats IV. Salami and New England Brand 
Sausage, by R. L. Henrickson and R. F. Brooks, Dept. of 
Animal Husbandry, Univ. of Mo. To be submitted for 
publication in Food Technology •. August, 1954. 

1451 Soil and Nutrition, by Wm. A. Albrecht, Univ. of Mo., 
Soils Dept. To be presented before the American Institute 
of Dental Medicine. August, 1954. 

1452 Studies on the Microbiological Flora of Prepackaged 
Table-ready Meats V. Souse; General Summary and Con
clusions, by R. F. Brooks and R. L. Henrickson, Dept. 
of Animal Husbandry, Univ. of Mo. To be submitted for 
publication in Food Technology. August, 1954. 

1453 Estimating the Thyrotropin and Thyroxine Secretion 
Rates of Cattle, by W. W . Crenshaw and C. W. Turner, 
Dept. of Dairy Husbandry, Mo. Agr. Expt. Sta., for pres
entation to the meetings of the Society of Animal Produc
tion in the Journal of Animal Science. August, 1954. 

1454 Induction of Mammary Growth in Rats by Estrogen and 
Progesterone, Wm. R. Kirkham and Charles W. Turner, 
Dept. of Dairy Husbandry, Agr. Expt. Sta. To be sub
mitted for publication in the Proceedings of the Society 
of Experimental Biology and Medicine_ August, 1954. 

1455 Rumen Inoculation Studies With Cattle and Sheep, by 
A. J. D yer, M. E. Muhrer and W. H. Pfander, Animal 
Husbandry Dept., Univ. of Mo. For presentation to 
American Society of Animal Production. August, 1954. 

1456 Rumen Micro-organism Growth-Regulating Factor (s) 
Found in Extracts of Rumen Contents and of Some Ru
minant Feeds, by G. B. Garner, M. E. Muhrer and W. H. 
Pfander, Animal Husbandry Dept., Univ. of Mo. For 
presentation to American Society of Animal Production. 
August, 1954. 

1457 The Serum Protein-Bound Iodine of Swine as a Measure 
of Growth Potentialities, by Anthony M. Gawienowski, 
Dennis T . Mayer and John F. Lasley, Depts. of Animal 
Husbandry and Agricultural Chemistry, Univ. of Mo. To 
be submitted for publication in the Journal of Animal 
Science. August, 1954. 

1458 A Quantitative Spectrographic Method for the Deter
mination of Tin, Copper, Iron and Lead in Milk and Milk 
Products. The Effect of Storage on the Concentration of 
These Metals in Evaporated Milk, by C. W. Gehrke, C. 
V. Runyon, and E. E. Pickett, Dept. of Agricultural 
Chemistry, Univ. of Mo. To be submitted for publication 

in the Journal of Dairy Science. August, 1954. 
1459 Antibiotic-like Substance and Cellulose Digestion Stimu

lator Found in Fermented Feeds and in Rumen Fluid, By 
G. B. Garner, M. E. Muhrer, W. C. Ellis and W. H. 
Pfander, Depts. of Agricultural Chemistry and Animal 
Husbandry, Univ. of Mo. To be submitted for publication 
in Scien ce. August, 1954. 

1460 A Flame Phorometric Method for Potash in Fertilizers . 
Ion Exchange Separation of Interfering Anions, by C. W . 
Gehrke, H. E. Affsprung and E. L. Wood, Dept. of Agri
cultural Chemistry, Univ. of Mo. To be submitted for 
publication in theJourna! of Analytical Chemistry. August, 
1954. 

1461 Influence of L-Thyroxine During Pregnancy Upon 
Growth and Subsequent Production of Identical Twin 
Dairy Heifers, by John Hancock, P. J. Brumby and C. 
W . Turner, Dept. of Dairy Husbandry, Univ. of Mo. To 
be returned ro New Zealand for publication probably in 
one of the English journals. August, 1954. 

1462 Let Rocks Their Silence Break, by 'WI m. A. Albrecht, 
Professor, Soils Dept., Univ. of Mo. To be delivered be
fore the meeting of the American Institute of Dental 
Medicine, Palm Springs, California, and ro be published 
in the proceedings. August, 1954. 

1463 Drouths-The Soil as Reasons for Them, by Wm. A . 
Albrecht, Dept. of Soils, Univ. of Mo. To be submitted 
for publication in the Proceedings of the American Insti
tute of Dental Medicine. August, 1954. 

1464 Adenosine Triphosphate Synthesis by Mammary Gland 
Preparations, by Charles R. Hoover and C. W. Turner, 
Dept. of Dairy Husbandry, Univ. of Mo. To be submitted 
for publication in the Proceedings of the Society for Ex
perimental Biology and Medicine. September, 1954. 

1465 Loess-The Most Versatile Soil-Forming Material, by 
H . H. Krusekopf, Professor of Soils, Univ. of Mo. To be 
submitted for publication in the Proceedings of the Soil 
Science Society of America. September, 1954. 

1466 The Energies of Replacement of Calcium by Potassium in 
Soils, by C. M. Woodruff, Univ. of Mo. Dept. of Soils. 
To be submitted for publication in the proceedings of 
Soil Science Society of America. September, 1954. 

1467 Injury to Guinea Pigs that Follows a High Intake of 
Phosphates: The Modifying Effect of Magnesium and 
~otassium , by W. B. House and A. G. Hogan. To be 
submitted for publication in the Journal of Nutrition. 
September, 1954. 

1468 Maternal Vitamin BI2 Deficiency and Nucleic Acid Con
tent of Tissue from Infant Rats, by Joseph H . Bruemmer, 
Boyd L. O'Dell and Albert G. Hogan. To be submitted 
for publication in the Journal of Biological Chemistry. Sep
tember, 1954. 

1469 Structural and Functional Bases for the Action of the A 
Alleles in Maize, by John R. Laughnan, Dept. of Field 
Crops, Univ. of Mo. To be submitted for publication in 
the American Naturalist. September, 1954. 

1470 The Effect of Ultraviolet Radiation on the Genes and 
Chromosomes of Higher Organisms, by L. J. Stadler, 
Univ. of Mo., Field Crops Dept., and C. P. Swanson, 
Johns Hopkins University. To be submitted for publica
tion as Chapter 7 of a book on the genetic effects of ultra
violet, published by McGraw-Hill Book Co., Inc., New 
York, N . Y. September, 1954. 
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1471 Electrochemical Behavior ofIon Exchange Resin Mem
brane Electrodes, by H. E. Affsprung, e. W . Gehrke, and 
J. W. Browne, Dept. of Animal Husbandry, Univ. ofMo. 
To be submitted for publication in the Journal of Dairy 
Science. October, 1954. 

1472 Some Effects of Adding Supplements of Lysine, Methion
ine, and Tryptophan to Practical Swine Rations, by W. 
H . Pfander and 1. F. Tribble, Animal Husbandry Dept., 
Univ. of Mo. To be submitted for publication to the 

Journal of Animal Science. October, 1954. 
1473 Establishment of Ladino Clover in Grass Sods, by O. 

Hale Fletchall and E. Marion Brown, Dept. of Field 
Crops, Dniv. of Mo. To be presented at the 1954 Ameri
can Society of Agronomy Meeting. October, 1954. 

1474 Consumer Dissatisfactions With Textile Products, by 
Mrs. Adelia E. Ginter, Home Economics Dept., Univ. of 
Mo. To be submitted for publication to What's New in 
Home Economics. October, 1954. 

1475 Electrochemical Measurements on Milk With Cation and 
Anion Sensitive Membrane Electrodes, by e. \'(/. Gehrke 
and H . E. Affsprung, Dept. of Agricultural Chemistry, 
Univ. of Mo. To be submitted for publication in the 
Journal of Dairy Science. October, 1954. 

1476 A Study of the Interaction of Casein with the Calcium 
Salts Common to Milk By Means of Cation Exchange 
Membrane Electrodes, by H. E. Affsprung and e. W. 
Gehrke, Dept. of Agricultural Chemistry, Univ. of Mo. 
To be submitted for publication in the Journal of Dairy 
Sdence. October, 1954. 

1477 Seasonal Application of Fertilizer in Missouri, by G. E. 
Smith, Dept. of Soils, Univ. of Mo. To be submitted for 
publication in the proceedings of Soil Science Society of 
America. October, 1954. 

1478 Losses of Nitrogen from Solution Materials, by Nelson 
G. Trickey and G. E. Smith, Dept. of Soils, Univ. of Mo. 
To be submitted for publication in the Proceedings of 
Soil Science Society of America. October, 1954. 

1479 Dehydrated Pork Studies: I. The Determination of Total 
Volatile Basic and Reducing Substances by Aeration 
Techniques, by M. e. Burnett, e. W. Gehrke and D. E. 
Brady, Dept. of Animal Husbandry, Univ. of Mo. To be 
submitted for publication in the Journal of Agricultural 
and Food Chemistry. October, 1954. 

1480 Rumen Temperature. II. A Comparison of Normal 
Rumen, Rectal, and Blood Temperatures, by Homer E. 
D ale, Robert E. Stewart and Samuel Brody, Depts. of 
Veterinary Physiology, Agricultural Engineering and 
Dairy Husbandry, Univ. of Mo. To be submitted for 
publication in Cornell Veterinarian. October, 1954. 

1481 Rumen Temperature. III. The Effect of Antipyrine Ad
ministration on Rumen and Rectal Temperatures, by 
Homer E. D ale, Robert E. Stewart, and Samuel Brody, 
Depts. of Veterinary Physiology, Agricultural Engineer
ing and Dairy Husbandry, Univ. of Mo. To be submitted 
for publication in Cornell Veterinarian. October, 1954. 

1482 Structural and Functional Aspects of the A Complexes 
in Maize. I. Evidence for Structural and Functional Vari
ability Among Complexes of Different Geographic 
Origin, by John R. Laughnan, Dept. of Field Crops, 
Dniv. of Mo. To be submitted for publication in the 
Proceedings of the National Academy of Sciences. (This 
is a report of research conducted in the Dept. of Botany, 
Dniv. ofIll.) November, 1954. 

1483 Chemical Weed Control in Okra, by D. D. Hemphill , 
Dept. of Horticulture, Univ. of Mo. To be submitted for 

publication in "Research Report of North Central Weed 
Control Conference." November, 1954. ' 

1484 Chemical Weed Control in Cucurbits-1954, by D. D. 
Hemphill, Dept. of Horticulture, Univ. of Mo. To be 
submitted for publication in "Research Report of North 
Central Weed Control Conference." November, 1954. 

1485 Herbicides for Cole Crop Transplants, by D. D. Hemp
hill, Dept. of Horticulture, Univ. of Mo. To be submitted 
for publication in "Research Report of North Central 
Weed Control Conference." November, 1954. 

1486 Weed Control in Peppers and Tomatoes, by D. D. 
Hemphill, Dept. of Horticulture, Univ. of Mo. To be 
submitted for publication in "Research Report of North 
Central Weed Control Conference." November, 1954. 

1487 Residual Quantities of Agri-mycin, and Antibiotic Com
bination, as Determined by a Single Microbiological 
Assay, by Billie S. Morgan, H erbert S. Goldberg and 
Robert N. Goodman, Depts. of Horticulture and Micro
biology, U niv. of Mo. To be submitted for publication 
in the Proceedings of the Second Annual Antibiotic 
Symposium. November, 1954. 

1488 Chemical Weed Control in Grape Vineyards, D. D . 
Hemphill, Dept. of Horticulture, Univ. of Mo. To be 
submitted for publication in the "Research Report of 
North Central Weed Control Conference." November, 
1954. 

1489 Fireblight Control with Sprays of Agri-mycin , a Strepto
mycin-Terramycin Combination, by Robert N. Goodman, 
Dept. of Horticulture, Univ. of Mo. To be submitted for 
publication in Plant Disease Reporter. November, 1954. 

1490 Paper Partition Chromatography of 2,4-dinitrophenyl
hydrazones and p-nitrophenylhydrazones of Aldehydes 
and Ketones, by H. N . Fului, e. W. Gehrke and D. E. 
Brady. To be submitted for publication in the Journal of 
Analytical Chemist!,,). November, 1954. 

1491 Dehydrated Pork Studies: II. Detection of Carbonyls and 
Total Mono-Carbonyl Determinations, by M. C. Burnett , 
e. W. Gehrke and D. E. Brady, Dept. of Animal Hus
bandry, Univ. of Mo. To be submitted for publication in 
the Journal of Agricultural and Food Chemistry. November, 
1954. 

1492 Dehydrated Pork Studies: III. The Identification of 
Acetaldehyde and Ammonia in the Volatile Fraction, by 
M. e. Burnett, C. W. Gehrke and D. E. Brady, Dept. of 
Animal Husbandry, Univ. of Mo. To be submitted for 
publication in the Journal of Agricultural and Food Chem
istry. November, 1954. 

1493 D osage Effect of Multiple Dt Loci on Mutation of a in 
the Maize Endosperm, by M. G. Nuffer, Field Crops 
Dept., Univ. of Mo. To be submitted for publication in 
Science. November, 1954. 

1494 Chemical Estimation of Progesterone in Blood, by J. I. 
Raeside and e. W. Turner, Dept of Dairy Husbandry, 
Dniv. of Mo. To be submitted for publication in the 
Proceedings of the Society for Experimental Biology and 
Medicine. November, 1954. 

1495 Dehydrated Pork Studies: I. Removal of Glucose by 
Yeast Fermentation, by R. 1. Henrickson, D. E. Brady, 
C. W. Gehrke and R. F. Brooks, Animal Husbandry 
Dept., Dniv. of Mo. To be submitted for publication in 
the Journal of Food Technology, 

1496 The Effect of Some Chemical Weed Control Treatments 
on the Cultivation Requirements of Corn, by O. Hale 
Fletchall, Field Crops Dept. Univ. of Mo. , to be presented 
at the 1954 Meetings of the N arch Central Weed Control 
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Conference. November, 1954. 
1497 Resistance to the Three Barley Smut Diseases in Missouri 

Early Beardless Strains, by ]. M. Poehlman and C. K. 
Cloninger, Dept. ofField Crops, Univ. of Mo. To be sub
mitted for publication in the Agronomy Journal. Novem
ber, 1954. 

1498 Chemical Weed Control in Vineyards, by D . D. Hemp
hill, Dept. of Horticulture, Univ. of Mo. To be presented 
at North Central Weed Control Conference for publica
tion in Proceedings of Eleventh Annual North Central 
Weed Control Conference. D~cember, 1954. 

1499 Report of a Study of Brush Control Methods and Equip
ment, by]. D. Crumpacker and R. E. Larson, Dept. of 
Agricultural Engineering, Univ. of Mo. To be submitted 
for publication in the Proceedings of the Weed Control 
Conference. December, 1954. 

1500 Frozen Semen. I. The Influence of Supercooling During 
the Freezing Process, by C. P. Merilan and K. W. Bower, 
Dept. of Dairy Husbandry, Univ. of Mo. To be submitted 
for publication in the Journal of Dairy Science. December, 
1954. 

1501 The Absorption of Sulfamethazine by the Bovine Uterus, . 
by c.]. Bierschwal, H. E. Dale and A. W . Uren, School 
of Veterinary Medicine, Univ. of Mo. To be submitted 
for publication in the Journal of the American Veterinary 
Medical Association. December, 1954. 

1502 The Kinetics of Radioiodine Turnover by the Dairy Cow, 
by Clifton Blincoe, Dept. of Dairy Husbandry, Univ. of 
Mo. To be submitted for publication in "Abstracts of 
of Papers, 127th Meeting, American Chemical Society." 
January, 1955. 

1503 Critical Temperatures of Cattle and Man, by Samuel 
Brody, Dept. of Dairy Husbandry, Univ. of Mo. To be 
submitted for publication in theJournal of Nutrition. 
January, 19:>5. 

1504 The Effect of a Low Protein Diet in Hog Cholera Im
munization, by D . E. Rodabaugh, Cecil Elder, Dept. of 
Veterinary Pathology, School of Veterinary Medicine, 
Univ. of Mo. To be submitted for publication in the 
Journal of the American Veterinary Medical Association. 
January, 1955. 

1505 Foot Rot of Pothos, a Disease Caused by Rhizoctonia, 
by D. F. Millikan and]. E. Smith, Jr., Dept. of Horticul
ture, Univ. of Mo. To be submitted for publication in 
Plant Disease Reporter. January, 1955. 

1506 Pregnancy Disease in Sheep: Study of Prophylaxis and 
Treatment on Flock Basis, by H. H . Berrier, Jr., School 
of Veterinary Medicine, Univ. of Mo. To be submitted 
for publication in the Veterinary Medicine Magazine. 
January, 1955. 

1507 An Unusual Case of Actinobacillosis in a Cow, by Cecil 
Elder, Dept. of Veterinary Pathology, School ofVeteri
nary Medicine, Univ. of Mo. To be submitted for publica
tion in Proceedings of Veterinary Pathologists Meeting, 
February, 1954. 

1508 Are Consumers Getting The Beef They Want? Is U. S. 
Government A Helpful Guide in Shopping?, by V. James 
Rhodes and Elmer R. Kiehl, Dept. of Agricultural Eco
nomics, Univ. of Mo. To be submitted for publication in 
Meat and Food Merchandising Magazine. February, 1955 . 

1509 Dehydrated Pork Studies : Removal of Glucose bv 
Glucose-oxidase Enzyme, by R . 1. Henrickson, D . E. 
Brady, C. W. Gehrke and R. F. Brooks, Food Processing 
Laboratories, Animal Husbandry Dept., Univ. of Mo. 
To be submitted for publication in Food Technology. 

February, 1955. 
1510 Lateral Pressures Exerted on the Walls of Horizontal 

Silos, by Merle 1. Esmay and Donald B. Brooker, Agri
cultural Engineering Dept. , Univ. of Mo . To be sub
mitted for publication in the Agricultural Engineering 
Journal. February, 1955. 

1511 Corn Stalk Intoxication, by Arthur A. Case, School of 
Veterinary Medicine, Univ. of Mo. To be submitted for 
publication in a veterinary medical journal. February, 
1955. 

1512 The Isolation of Lactobacillus Acidophilus from the 
Rumen of Sheep, by R. G . Jensen and]. E. Edmondson, 
Dept. of Dairy Husbandry, Univ. of Mo. To be submitted 
for publication in the Journal of Bacteriology. February, 
1955. 

1513 The Thyroxine Secretion Rate of Growing Turkey Poults, 
by H. V. Biellier and C. W/. Turner, Dept. of Poultry 
and Dairy Husbandry, Univ. of Mo. To be submitted for 
publication in Poultry Science. February, 1955. 

1514 Microbiological Fermentation of Dairy Wastes,by]. E. 
Edmondson and A. R. Brazis, Dept. of Dairy Husbandry, 
Univ. of Mo. To be submitted for publication in the 
Journal of Dairy Science. February, 1955. 

1515 The Effect of Supplementary Adenosine Mono- and Tri
phosphate on the Metabolism of Bovine Spermatozoa, by 
F. J. Grunfeld and C. P. Merilan, Dept. of Dairy Hus
bandry, Univ. of Mo. To be submitted for publication in 
the Journal of Dairy Science. February, 1955. 

1516 The Effect of Herbicides on in Vitro Cellulose Digestion 
by Rumen Micro-organisms, by R. G. Jensen and C. P. 
Merilan, Dept. of Dairy Husbandry, Univ. of Mo. To be 
submitted for publication in the Journal of Dairy Science. 
February, 1955. 

1517 Estimation of the L-Thyroxine Secretion Rate of Dairy 
Animals, by G . W. Pipes, H . Ruppert, and C. W . Turner, 
Dept. of Dairy Husbandry, Univ. of Mo. To be submitted 
for publication in the Journal of Dairy Science. February, 
1955. 

1518 The Association of Lactogenic Hormone Labeled with 
Radioactive Iodine with the Cytoplasmic Nucleoprotein 
of the Mammary Gland Cell, by W. F. Williams and C. 
W . Turner, Dept. of Dairy Husbandry, Univ. of Mo. To 
be submitted for publication in the Journal of Dairy Sci
ence. February, 1955. 

1519 Experimental Udder Growth and Lactation in Infertile 
Dairy Heifers, by H. Yamamoto and C. W. Turner, Dept. 
of Dairy Husbandry, Univ. of Mo. To be submitted for 
publication in theJournal of Dairy Science. February, 1955. 

1520 Relative Reactions of Cattle and Man to Higher Tem
peratures, by Samuel Brody, Dairy Dept., Univ ofMo. 
To be submitted for publication in the Journal of Dairy 
Science. February, 1955. 

1521 The Relation of Health To Population Change, by 
Robert 1. McNamara, Dept. of Rural Sociology, Univ. of 
Mo. To be submitted for publication in the Journal of 
Osteopathy. February, 1955. 

1522 Effect of a Vitamin B12 Deficiency and of Fasting on Oxi
dative Enzymes in the Rat, by B. 1. O'Dell, J. S. Gordon, 
]. H. Bruemmer and A.G. Hogan, Dept. or Agricultural 
Chemistry, Univ. of Mo. To be submitted for publication 
in the Journal of Biological Chemistry. 

1523 The Measurement of Consumer Preferences, by V. James 
Rhodes, Dept. of Agricultural Economics, Univ. ofMo. 
To be submitted for publication in the Journal of Farm 
Economics. March, 1955. 
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1524 Tool Transmission of Oak Wilt, by T. W . Jones and T. 
W. Bretz, Central States Forest Experiment Station, For
est Service, U.S.D.A .. and Dept. of Forestry, Mo. Agr. 
Exp. Sta. To be submitted for publication in Plant Disease 
Reporter. March, 1955 . 

1525 The Influence of Ring Spot Virus Infection Upon The 
Growth of One Year Old Montmorency Nursery Trees , 
by Dr. D . F. Millikan, Dept. of Horticulture, Univ. of 
Mo. To be submitted for publication in the Phytopathology 
Journal. April, 1955. 

1526 Residues from Paper Manufacture for Soil Treatment, by 
M. E. Springer, Dept. of Soils, Univ. of Mo. To be pre
sented for publication in the Journal of the American Society 
of Agronomy. April, 1955. 

1527 The identification of C 19 Steroids in Bovine Feces, by 
W. R. Miller and C. W . Turner, Dept. of D airy Hus
bandry, Univ. of Mo. and D. K. Fukushima and I. J. 
Salamon, Sloan-Kettering Institute for Cancer Research, 
New York, N . Y. To be submitted for publication in the 
J ournal of Biological Chemistry. 

1528 In Vitro Sensitivity of Plant Bacterial Pathogens to Anti
biotics and Antibacterial Substances, by B. S. Morgan and 
R. N. Goodman, Dept. of Horticulture, Univ. of Mo. To 
be submitted for publication in Plant Disease Reporter. 
April, 1955. 

1529 Factors of Pond Design for Storage ofIrrigation Water, 
by Dwight D. Smith, Dept. of Agricultural Engineering, 
Univ. of Mo. To be submitted for publication in Agricul
tural Engineerinf;. April, 1955. 

1530 The CharacterIzation of Some Lactobacilli Found in Milk, 
by R. G . Jensen and]. E. Edmondson, Dept. of Dairy 
Husbandry, Univ. of Mo. To be submitted for publica
tion in the Journal of Dairy Science. May, 1955. 

1531 Thyroid Hormone Secretion Rate Determination of the 
Intact Chick, by Harold V. Biellier and C. W . Turner, 
Depts. of Poultry and Dairy Husbandry, Univ. of Mo. 
To be submitted for publication in Poultry Science. May, 
1955. 

1532 The Percentage of Protein in Corn and Its Nutritional 
Properties, by A. G . Hogan, G. T. Gillespie, Osman 
Kocturk, B. L. O'Dell, and Laura M. Flynn, Dept. of 
Agricultural Chemistry , Univ. of Mo. To be submitted 
for publication in the J ournal of Nutrition. May, 1955. 

1533 Some Additional Native and Exotic Species of Fagaceae 
Susceptible to Oak Wilt, by T. W . Bretz, Dept. of For
estry, Univ. of Mo. To be submitted for publication in 
Plant Disease Repomr. May, 1955 . 

1534 Anthocyanin Synthesis in Maize-the Interaction of A2 
and Pr in Leucoanthocyanin Accumulation, by E. H. Coe, 
Field Crops Research Branch, Agricultural Research 
Service, U.S.D.A. and Univ. of Mo. To be submitted for 
publication in Genetics Magazine. May 1955. 

1535 An Induced Gene Transfer from Aegilops to Triticum, 
by E. R. Sears, U.S.D .A. and Univ. of Mo. To be pre
sented to Genetics Society of America at its annual meet
ing in East Lansing, Michigan, September 6-8. 

1536 The Pattern of Medical Services for Incorporated Places 
of 500 or More Population in Missouri, 1950, by Edward 
Hassinger and Robert L. McNamara, Rural Sociology 
Dept., Univ. of Mo. To be submitted for publication in 
the Rural Sociology Journal. May, 1955. 

1537 Use ofp 31 in the Study of the Influence of Climatic Fac
tors on Thyroid Activity and Productivity of Livestock, 
by Clifton Blincoe and Samuel Brody, Dept. of Dairy 
Husbandry, U ni v. of Mo. To be :iubmi tted for publication 

in the Proceedings of the International Conference on the 
Peaceful Uses of Atomic Energy Commission. May, 1955 . 

1538 The Systematics, Cytology, and Genetics of Wheat, by 
E. R. Sears, Senior Geneticist, Field Crops Research 
Branch, Agricultural Research Service, U.S.D. A., and 
Research Associate, Field Crops Dept. Submitted June, 
1955, for publication in Second Edition of Handbuch der 
Pflanzenzuchtung, by Paul Parey, Berlin, Germany. 

1539 The Chemistry and Certain Aspects of the Metabolic 
Activities Mammalian Spermatozoa, by Dennis T. Mayer, 
Dept. of Agricultural Chemistry and Animal Husbandry . 
Submitted June, 1955, to be presented at a symposium at 
Michigan State College and published in the proceedings. 

1540 Efficiency of Phosphorous in Relation to Amounts Ap
plied and Time, by C. M. Woodruff, Univ. of Mo. As
sociate Professor of Soils. Submitted July, 1955, for pub
lication in Proceedings Soil Science Society of America. 

1541 Relation of Unequal Crossing Over to The Inter
Dependence of R' Elements (P) and (S), by L.]. Stadler'" 
and M. H. Emmerling, Univ. of Mo., Dept. of Field 
Crops. Submitted July, 1955, for publication in Genetics. 
*Deceased May 12, 1954, and the work was finished by 
Miss Emmerling. 

1542 Transmission of an Apple Disorder to Amelanchier, by 
D. F. Millikan and H. W . Guengerich"' , Univ. ofMo., 
Horticulture Dept. Submitted July, 1955, for publication 
in the Plant Disease Reporter. 
*Mr. Guengerich is with Stark Brothers Nursery and does 
not work for the University. 

1543 Effect of Soil Moisture and Depth of Application on 
Retention of Anhydrous Ammonia, by Frank A. Standley 
and G . E. Smith, Univ. of Mo., Soils Dept. Submitted 
August, 1955, forrublication in the Proceedings of Soils 
Science Society 0 America. 

1544 Biological Assay of Beef Steers Carcasses For Estrogenic 
Activity Following the Feeding of Diethylstilbestrol at 
a Level of 10 mg. Per Day in Ration, by C. W. Turner, 
Univ. of Mo. , Dairy Husbandry Dept. Submitted August, 
1955, for publication inJournal of Animal Science. 

1545 Abstract- Biological Assay of Beef Steers Carcasses For 
Estrogenic Activiry Following the Feeding of Diethylstil
bestrol at a Level of 10 mg. Per Day in the Ration, by 
C. W . Turner, Univ. of Mo., Dairy Husbandry Dept. 
Submitted August, 1955, to be presented to the meetings 
of the American Society of Animal Production and pub
lished in the Proceedings. 

1546 Gradients in Rumen, Blood, and Rectal Temperatures, by 
S. Brody, R. E. Stewart and H. E. Dale, Univ. of Mo. , 
Dairy Husbandry Dept. Submitted August, 1955, to be 
presented at the meeting of the American Society of An
imal Production and published in the Proceedings. 

1547 Relative Heat Tolerance of Santa Gertrudis, Brahman, 
and Shorthorn Heifers, by H . H . Kibler and Samuel 
Brody, Univ. of Mo., Dairy Husbandry Dept. Submitted 
August, 1955, to be presented at the meeting of the Amer
ican Society of Animal Production and published in the 
Proceedings. 

1548 Relative Growth Rates at 80° and 50° F. of Santa Ger
trudis, Brahman, and Shorthorn Heifers by E. B. O'Ban
non, P. R. Cornelison, A. C. Ragsdale, and S. Brody, 
Univ. of Mo., Dairy Husbandry Dept. Submitted August, 
1955, to be presented at the meeting of the American 
Society of Animal Production and published in the Pro
ceedings. 

1549 Rabbits as Substitutes for Cattle in the Study of Climatic 
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Physiology, by H. D. Johnson and S. Brody, Univ. of 
Mo., Dairy Husbandry Dept. Submitted August, 1955 , 
to be presented at the meeting of the American Society of 
Animal Production and published in the Proceedings. 

1550 Toxic Forages Produced in a Drouth Area (Abstract) , 
by M. E. Muhrer, A. A. Case, G . B. Garner and W. H. 
Pfander, Univ. of Mo., Agricultural Chemistry Dept. 
Submitted August, 1955, for publication inJournal of 
Animal Science. 

1551 The Use of Oxytocin for Initiating Parturition and Re
ducing Farrowing Time in Sows, by M. E. Muhrer, o. F. 
Shippen and J. F. Lasley, Univ. of Mo., Agricultural 
Chemistry Dept. Submitted August, 1955, for publication 
in Journal of Animal Science. 

1552 Effect of Egg Yolk and Its Isolated Constituents Upon 
the Dehydrogenase Activity of Bovine Spermatozoa, by 
John T. Smith, D. T. Mayer and Charles P. Merilan, 
Univ. of Mo. Agricultural Chemistry Dept. Submitted 
August, 1955, for publication inJourna! of Animal Science. 

1553 Some Environmental Factors Affecting Litter Size in 
Swine, by V. Rathnasabapathy,J. F. Lasley and D . T. 
Mayer, Univ. of Mo., Animal Husbandry Dept. Sub
mitted August, 1955, for publication inJourna! of Animal 
Science. 

1554 Milk Production of Sows as Correlated with the Perform
ance of Pigs, by Arthur D. Allen, Roy O . Baker and John 
F. Lasley, Univ. of Mo., Animal Husbandry Dept. Sub
mitted August, 1955, for publication inJournal oj Animal 
Science. 

1555 The Insulin-Glucose Tolerance Test as Applied to 
Physiological Studies in Beef Cattle, by c.]. Heidenreich , 
]. F. Lasley and]. E. Comfort, Univ. of Mo. , Animal 
Husbandry Dept. Submitted August, 1955, for publica-

tion in Journal of Animal Science. 
1556 The Relative Importance of Various Live-Hog Measure

ments in Predicting Carcass Value, by c.]. Heidenreich , 
J. F. Lasley, D. E. Brady and L. F. Tribble, Univ. of Mo. , 
Animal Husbandry Dept. Submitted August, 1955, for 
publication in Journal oj Animal Science. 

1557 The Value of Alta Fescue Pasture for Wintering Pregnant 
Ewes, by G. B. Thompson, A. ]. Dyer, and P. Q. Guyer, 
Univ. of Mo. , Animal Husbandry Deyt. Submitted 
August, 1955, for publication in Journal oj Animal Science. 

1558 Improve Utilization of Wheat Gray Shorts and Corn by 
Growing Fattening Pigs Following Amino Acid Sup
plementation, by W . H . Pfander and L. F. Tribble, Univ. 
of Mo., Dept of Animal Husbandry. Submitted August, 
1955. 

1559 Inhibition of Color Development in the Lowry-Lopez 
Phosphorus Method by Sulphydryl Compounds and Its 
Coulltelaction by Copper, by Joseph H. Bruemmer and 
Boyd L. O ' Dell , Univ. of Mo., Dept of Agricultural 
Chemistry. Submitted August, 1955, for publication in 
the Journal of Biological Chemistry. 

1560 Effect of Egg Yolk and Its Isolated Constituents Upon 
the Dehydrogenase Activity of Bovine Spermatozoa, by 
John T. Smith, D. T . Mayer and C. P. Merilan, Univ. of 
Mo., Depts. of Agricultural Chemistry, Animal Hus
bandry, and Dairy Husbandry. Submitted September, 
1955 , for publication in the Journal of Dairy Science. 

1561 Radial Penetration of the Oak- W ilt Fungus Into the 
Boles of Diseased Trees, by I. W . Jones and T. W. Bretz, 
Univ. of Mo., Dept. of Forestry, and Central States Forest 
Experiment Station, Forest Service, U. S. D. A. Submitted 
September, 1955, for publication in PLant Disease Reporter. 

ST A TION PUBLICATIONS 
July 1954-June 1955 

Research Bulletins 
556 Environmental Physiology and Shelter Engineering With 

Special Reference to Domestic Animals. XXVIII. The 
Thermal Effects of Radiation Intensity (Light) on Milk 
Production, Feed and \'o/ater Consumption and Body 
Weight in Holstein, Jersey and Brahman Cows at Air 
Temperature 45 °, 70° and 80° F. by S. Brody, A. C. Rags
dale, H . J. Thompson, D. M. Worstell , July 1954, 20 
pages, 1700 copies. 

557 Seedling Tolerance As a Factor in Bottomland Timber 
Succession by R. E. McDermott, July 1954, 12 pages, 1500 
copies. 

558 Study of Factors Affecting Sheep Production by P. Q. 
Guyer and A. J. Dyer,July 1954, 80 pages, 1500 copies. 

559 Role of Protein in Immunization of Swine Against Cholera 
by Cecil Elder and D . E. Rodabaugh, August 1954, 16 
pages, 1500 copies. 

560 Resistance of Winter Barley to Ustilago Nuda Uens.) 
Rostr. by C. K. Cloninger and J. M. Poehlman, September 
1954, 36 pages, 1500 copies. 

561 Environmental Physiology and Shelter Engineering With 
Special Reference to Domestic Animals XXIX. Effect of 
Radiation Intensity on Hair and Skin Temperatures and 
on Respiration R ates of Holstein , Jersey and Brahman 

Cattle at Air Temperatures 45 0, 70° and 80° F. by R. E. 
Stewart and Samuel Brody, September 1954,36 pages, 
1640 copies. 

562 Environmental Physiology and Shelter Engineering With 
Special Reference to Domestic Animals. XXX. Thermal 
Stress and Acid-Base Balance in Dairy Cattle by H . E. 
Dale and Samuel Brody, September 1954, 28 pages, 1500 
copies. 

563 In Vitro Metabolism of the Rat Mammary Gland and 
Observations on In Vitro Actions of Thyroid Hormones 
by C. R. Hoover and C. W. Turner, October 1954, 68 
pages, 1500 copies. 

564 Effects of Flood Control Reservoirs on Agricultural Pro
duction with Special Reference to the Grand River Basin 
by E. R. Kiehl, October 1954, 36 pages, 1500 copies. 

565 Reaction of Home Economics Freshmen Women to Per
sonal and Family Life Situations by Orrine Z. Gregory, 
October 1954, 32 pages, 1500 copies. 

566 A Comparison of Four Resin-Finished and Mill-Finished 
Corron Fabrics by Betty Blase, Mary Leach and Adella 
Ginter, October 1954, 16 pages, 1500 copies. 

567 Effect on Guinea Pigs of Consuming an Excessive Quan
tity of Phosphates by A. G. Hogan, W. B. House, W. O . 
Regan, October 1954, 8 pages, 1500 copies. 
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568 Ascorbic Acid (Vitamin C) Content of Tomatoes and 
Apples by A. E. Murneek, Leta Maharg, S. H. Wittwer, 
October 1954, 24 pages, 1500 copies. 

569 A D.irect Dihydrogen Ethylenediaminetetraacetate Titra
tion Procedure for Magnesium in Limestone by C. W. 
Gehrke, H . E. Affsprung, Yung C. Lee, October 1954, 12 
pages , 1500 copies. 

570 Direct Ethylenediaminetetraacetate Titration Procedure 
for Calcium in Biological Substance Anion Exchange 
Separation of Phosphate by Charles W. Gehrke, Harold 
E. Affsprung, Yung C. Lee, October 1954, 8 pages, 1500 
copies. 

571 A Flame Photometric Method for Potash in Fertilizers by 
Charles W. Gehrke, Harold E. Affsprung, Eugene L. 
Wood, November 1954, 12 pages, 1500 copies. 

572 The Aneuploids of Common Wheat by E. R. Sears, 
November 1954, 60 pages, 1500 copies. 

573 Reducing Spoilage in Shell Eggs by the Use of Fungicides 
by Martha E. Lorah, E. M. Funk, James Forward, Decem
ber 1954, 32 pages, 1500 copies. 

574 Environmental Physiology and Shelter Engineering With 
Special Reference to Domestic Animals. XXXI. Influence 
of Radiation Intensity on Evaporative Cooling, Heat Pro
duction and Cardiorespiratory Activities in Jersey, Hol
stein and Brahman Cows by H. H. Kibler and Samuel 
Brody, December 1954, 32 pages, 1500 copies. 

575 Cationic Saturation of Low Exchange Soils for Growth of 
Vegetable Crops by Victor N. Lambeth, January 1955, 36 
pages, 1500 copies. 

576 Environmental Physiology and Shelter Engineering With 
Special Reference to Domestic Animals. XXXII. The 
Influence of Ambient Temperature, Air Velocity, Radia
tion Intensity and Starvation on Thyroid Activity and 
Iodide Metabolism in Cattle by Clifton Blincoe and S. 
Brody, February 1955,36 pages, 1500 copies. 

577 Mineral Nutrit ion and Growth of Eastern Redcedar by 
Peter W . Fletcher and Julian Ochrymowych, February 
1955, 16 pages, 1700 copies. 

578 Environmental Physiology and Shelter Engineering With 
Special Reference to Domestic Animals. XXXIII. Milk 
Production, Feed and \'V'ater Consumption and Body 
Weight of Jersey and Holstein Cows in Relation to Several 

Diurnal Temperature Rhythms by S. Brody, A. C. Rags
dale, R. G. Yeck, Dorothy Worstell, February 1955, 28 
pages, 1500 copies. 

579 Environmental PhysiOlogy and Shelter Engineering With 
Special Reference to Domestic Animals. XXXIV. The 
Influence of Diurnally Variable Temperatures on the Thy
roid Activity and Iodide Metabolism of Jersey and Hol
stein Cows by Clifton Blincoe and Samuel Brody, February 
1955, 12 pages, 1500 copies. 

580 Consumer Preference for Beef by Elmer Kiehl, March 
1955,48 pages, 1625 copies. 

581 Characteristics and Information Seeking Habits of Farm 
Operators in Northeast Missouri by Herbert F. Lionberger, 
April 1955,44 pages, 1600 copies. 

582 Stone Fruit Virus Investigations. I. Inoculation Studies of 
the Ring Spot Virus Complex in Sweet Cherry by D. F. 
Millikan,Jr., May 1955,24 pages, 1500 copies. 

583 Visual Preferences for Grades of Retail Beef Cuts, V. J. 
Rhodes, Elmer R. Kiehl, D. E. Brady, June 1955,68 pages, 
1500 copies. 

Reprints-Research Bulletins 
472 Sources and Use of Farm and Home Information by Low-

Income Farmers in ,Missouri by H. F. Lionberger, March 
1955,36 pages, 300 copies. 

555 Comparative Methods of Cleaning Meat Cutting Tables 
by R. 1. Hendrickson, R. F. Brooks, E. Birmingham, D. E. 
Brady, October 1954, 8 pages, 1500 copies. 

498 The Relationship of Certain Factors to County Agent 
Success by Ivan Nye, February 1954,44 pages, 600 copies . 

Station Bulletins 
626 Foods the Blender-Way by Marialice Cunningham and 

Margaret Mangel, July 1954, 12 pages, 3500 copies, 
627 Fattening 2-Year Old Steers by 1. A. Weaver and A. ]. 

Dyer,July 1954, 16 pages, 2500 copies. 
628 Winter Rations for Feeder Calves by A.]. Dyer, 1. A. 

Weaver,]. E. Comfort,July 1954, 12 pages, 3500 copies. 
629 Farm Irrigation Systems-Selection and DeSign by R. P. 

Beasley, August 1954, 20 pages, 3500 copies. 
630 Fertilizer Inspection and Analysis 1953 by R. C. Prewitt, 

C. W. Gehrke, E. W. Cowan, August 1954,40 pages, 
6500 copies. 

631 Vinegars and Salad Dressings by Treva C. Kintner and 
Margaret Mangel, September 1954, 8 pages, 3500 copies. 

632 Using Nonfat Dry Milk Solids in Home Prepared Foods 
II. Soups, Main Dishes, Yeast Breads, Desserts and Milk 
Drinks by Leta Maharg, September 1954, 16 pages, 3500 
copies. 

633 Roads To Knowledge by H. F. Lionberger and Edward 
Hassinger, September 1954, 12 pages, 3500 copies. 

634 Recommendations and Requirements for Slaughtering 
Plants-Construction and Operation by D. E. Brady, M. 
1. Esmay, John McCutchen, September 1954, 16 pages, 
3500 copies. 

635 Using LP Gas As a Tractor Fuel by C. 1. Day, M. D. Can
non, M. M. Jones, October 1954, 8 pages, 3500 copies. 

636 The College of Agriculture Offers the People of Missouri : 
Instruction, Extension, Research by J. H. Longwell and 
Staff, November 1954, 16 pages, 5000 copies. 

637 0-205 Oats-An Improved "Columbia Type" Variety for 
Missouri by J. M. Poehlman,January 1955,8 pages, 3500 
copies. 

638 Addresses Presented at Sixth Annual Farm Forum, No
vember 1954, 36 pages, 3000 copies. 

639 Missouri Broiler Test 1954, by E. M. Funk, November 
1954, 4 pages, 3500 copies. 

640 A Survey of Forest Tree Plantings in Missouri by Richard 
W. Dingle, Peter W. Fletcher,January 1955,20 pages, 
3500 copies. 

641 Corn Substitutes for Fattening Cattle by A. J. Dyer and 
1. A. Weaver,January 1955,12 pages, 3500 copies. 

642 Fire Scars and Decay in Missouri Oaks by Paul Y. Burns, 
January 1955, 8 pages, 3800 copies. 

643 Annual Report -Missouri Agricultural Experiment Sta
tion 1952-53,January 1955,68 pages, 3500 copies. 

644 Growing Good Crops of Oats in Missouri by Milton 
Poehlman, February 1955, 12 pages, 3500 copies_ 

645 Agricultural Atlas of Missouri by James E. Collier, 
February 1955,76 pages, 5000 copies. 

646 Fattening Comparisons Steers V s. Heifers by A. J. Dyer 
and 1. A. Weaver, February 1955,8 pages, 3500 copies. 

647 Vitamins in Human and Animal Nutrition by A. G. 
Hogan, February 1955, 12 pages, 3500 copies. 

648 Missouri Hybrid Corn Yield Trials-'--1954 by M. S. Zuber 
and C. O. Grogan, March 1955, 12 pages, 3500 copies. 

649 Late Spring and Early Fall Killing Freezes in ~issouri by 
W . 1. Decker, March 1955, 16 pages, 3500 copIes. 
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650 Monthly Precipitation in Missouri by W. L. Decker, 
March 1955,60 pages, 3500 copies. 

651 Supply of Physicians in Rural Missouri by R. L. Mc
Namara, E. W . Hassinger,J. B. Mitchell, April 1955, 8 
pages, 3500 copies. 

652 17th Annual Livestock Feeders Day by Animal Husbandry 
Staff, April 1955, 28 pages, 5500 copies. 

653 Fertilizer Inspection and Analysis 1954, by R. C. Prewitt, 
C. W . Gehrke, E. W. Cowan, October 1955,44 pages, 
6500 copies. 

654 Producing Quality Eggs by E. M. Funk and James For
ward, May 1955, 12 pages, 5000 copies. 

655 Sheep Housing and Equipment by J. C. Wooley, M. L. 
Esmay, A. J. Dyer, May 1955, 12 pages, 3500 copies. 

656 Cookies for Children by Marialice Cunningham and Leta 
Maharg, June 1955, 8 pages, 3500 copies. 

596B (Youth Publication) Some Important Features of Mis
souri Agriculture by M. F. Miller, Dean Emeritus, April 
1955,52 pages, 10,000 copies. 

596C (Youth Publication) Progress in Agricultural Machinery 
by J. C. Wooley and M. F. Miller,June 1955,36 pages, 
12,000 copies. 

Reprints-Station Bulletins 

547 Good Pastures Pay by E. M. Brown,July 1954,24 pages, 
1500 copies. 

581 Oak Pruning in the Missouri Ozarks by Paul Burns and 
J. M. Nichols,July 1954, 1500 copies. 

603 Let's Study Your Farm Business by James E. Dillon and 
R. C. Suter, July 1954, 12 pages, 1500 copies. 

593 Rearing Orphan Pigs by V. F. McRoberts and A. G. 
Hogan,July 1954,4 pages, 2000 cOfies. 

532 Wheat in Missouri by J. M. Poeh man, July 1954, 36 
pages, 1000 copies. 

443 Measuring The Productive Value of Pastures by H. J. 
L'Hote, August 1954, 36 pages, 1000 copies. 

523 The Growth of Dairy Heifers Raised Chiefly on Rough
ages by Stallcup, Herman, Ragsdale, August 1954, 12 
pages 2000 copies. 

583 Soil Fertility and Corn Production by George Smith, Sep
tember 1954, 68 pages, 2000 copies. 

577 Water and Its Conservation by Dean M. F. Miller, Octo
ber 1954,40 pages, 2500 copies. 

547 Good Pastures Pay by E. M. Brown, November 1954, 24 
pages, 4000 copies. 

610 Feeding Livestock by A. G. Hogan, November 1954, 24 
pages, 2000 copies. 

542 Success With Strawberries by A. D. Hibbard and D . D. 
Hemphill, January 1955, 32 pages, 2000 copies. 

532 Wheat in Missouri by J. M. Poehlman, January 1955, 36 
pages, 1000 copies. 

610 Feeding Livestock by A. G. Hogan, January 1955, 24 pages, 
5000 copies. 

587 Pork Production in Missouri by J. F. Lasley, Febtuary 1955 , 
56 pages, 3500 copies. 

600 Sweet Potato Production in Missouri by V. N. Lambeth, 
February 1955,24 pages, 3500 copies. 

559 Buildings for the Dairy Enterprise by]. C. Wooley, K. B. 
Huff, R. E. Stewart, A. C. Ragsdale, February 1955 , 24 
pages, 3500 copies. 

571 Using Nonfat Dry Milk Solids in Home Prepared Foods. 
I. Quick Breads and Cookies by Leta Maharg and Margaret 
Mangel, February 1955, 16 pages, 2000 copies. 

632 Using Nonfat Dry Milk Solids in Home Prepared Foods. 
II. Soups, Main Dishes, Yeast Breads, Desserts and Milk 
Drinks by Leta Maharg, February 1955, 16 pages, 2000 
copies. 

626 Foods the Blender Way by Marialice Cunningham and 
Margaret Mangel, March 1955 ,8 pages, 3500 copies. 

615 Controlling Woody Planes With 2,4,5-T; 2,4-D and Am
mate by Martin, Nichols, Klingman, March 1955,8 pages, 
2000 copies. 

629 Farm Irrigation Systems -Selection and Design by 
Beasley, March 1955 , 20 pages, 3500 copies. 

627 Fattening 2-Year Old Steers by L. A. W ea ver and A. J. 
Dyer, May 1955, 16 pages, 3500 copies. 

Station Circular 346-Grape Growing in Missouri by T. J. 
Talbert, March 1955,28 pages, 2000 copies. 

RESEARCH GRANTS 

Herman Frasch Foundation 
For research dealing with the composition of food and the 

accumulation of calcium phosphate in animal tissue. 

Atomic Energy Commission 
For research pertaining to the effect of irradiation upon 

the frequency and type of mutation of specific genes and to dif
ferentiate between mutations induced by radiation of different 
types. 

Office of Naval Research 
For continued support of research on the influence of 

climatic factors and muscular work on large animals (sweating 
species) . 

Rockefeller Foundation 
For support of a study in Missouri of the rural church as 

a social institution. 

United States Army-Quartermaster Food and 
Container Institute 

For research on the relationship of ionic concentration to 
the stability of evaporated milk. 

Norden Laboratories 
For support of research in connection with the preservation 

of rumen culture. 

Sears Roebuck Foundation 
For support of beef cattle breeding research. 

United States Army-Quartermaster Food and 
Container Institute 

For support of a research project pertaining to protein 
changes occurring during storage of dehydrated pork. 

United States Public Health Service 
For support of research on the biochemistry and physiol

ogy of mammalian spermatozoa. 

Columbia-Southern Chemical Company 
For support of research in connection with the reduction 

of weed damage to crops by the use of chi ora I P C. 

Quaker Oats Company 
For research in the breeding of white hybrid corn. 
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National Soybean Crop Improvement Council 
For support of research in connection with the breeding 

of improved disease resistant varieties of soybeans adaptable 
to Missouri soils and climate. 

Missouri Poultry Improvement Association 
For support of research in poultry management. 

American Poultry and Hatchery Federation 
For research in connection with the effect of various meth

ods of turning eggs during incubation. 

Missouri Turkey Federation 
For continued support of research on Salmonellosis in 

Missouri turkeys. 

Red Comb Pioneer Mills 
For research in connection with a determination of the 

cause of reactions in turkeys when tested for pullorum disease. 

Lederle Laboratories Division 
American Cyanamid Company 

For support of research on the role of aureomycin in the 
nutrition of swine. 

Universal Oil Products Company 
For research work in connection with determination of 

the effect of butylated hydroxy anisole and other antioxidants 
on fresh pork stored at 0° F. 

Armour and Company 
For the support of research on diluting and storage media 

for mammalian spermatozoa. 

Merck and Company, Incorporated 
For support of research on the nutritional requirements 

of swine. 

Missouri Conservation Commission 
For farm forestry research. 

United States Forest Service 
For support of cooperative research on the effect of forest 

cover on soil and water resources. 

United States Forest Service 
For support of a study of range plants in the Ozarks region 

of Missouri. 

National Oak Wilt Research Committee 
To.help support investigation of oak wilt disease in Mis

souri. 

American Potash Institute 
For research dealing with the relationship of potash to 

soil fertility. . 
Swift and-Company 

For research on the influence of soil composition and 
treatment on the composition of forages and the resulting 
development of animals. 

Pacific Coast Borax Company 
For support of research in connection with trace elemer"s. 

International Minerals and Chemical Corporation 
For support of research concerning magnesium require-

ments of soils and crops in the St~te of Mi"ssouri . 

International Minerals and Chemical Corporation 
For support of research on the hypothesis that the nutri

tion of plants is based upon the roots exuding hydrogen or 
acidity in exchange for, or solvent action on, the inorganic 
contents of the soil. 

Tennessee Corporation 
For research on the function of the so-called trace elements, 

copper, manganese, and zinc. 

Nitrogen Division 
Allied Chemical and Dye Corporation 

For research in connection with soil fertility and plant 
nutrition. 

Swift and Company 
For research in connection with factors affecting the pro

ductivity of sheep. 

American Plant Food Council 
For support of research in connection with the possible 

effects of sulfur, in its various forms within the soil, as this 
relates itself to plant production and the resulting organic 
materials. 

United States Public Health Service 
For study of the relation of nutrition to hydrocephalus in 

infant rats. 

United States Public Health Service 
For support of research on the intermediary metabolism 

and the mediating enzymes related to growth, cellular secretion, 
and tissue involution of the. mammary gland and to the en
docrine modification of these processes. 

National Soybean Processors Association 
For research on weed control. 

N adonal Live Stock and Meat Board 
For research in the assaying of tissues from cattle fed 

diethylstilbestrol and other estrogens. 

Swift and Company 
For research on mineral nutrition of ruminants. 

Dow Chemical Company 
For support of research on a post-emergence herbicide for 

weed control in corn. 

Hoffman-La Roche, Inc. 
For research in connection with food preservation and 

utilization-stability in cured meats using ascorbic acid and other 
stabilizers. 

Dannen Mills, Inc. 
For the support of research in connection with improve

ment of the soybean crop, quantitatively and qualitatively. 

Grace Chemical Company 
For support of research on roughage and concentrate diges

tion and utilization by ruminants. 

Phillips Petroleum Company 
To support research in soil fertility. 
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CHANGES IN STAFF FOR THE YEAR ENDING JUNE 30, 1955 

Appointments 
Arthur D. Allen, Assistant in Animal Husbandry 
Nancy E. Adams, Assistant in Home Economics 
Roy O. Baker, Assistant in Animal Husbandry 
Gail Irving Bank, Assistant Agricultural Editor 
Quentin Dewey Banks, Assistant in Agricultural Economics 
John S. Baumstark, Assistant in Agricultural Chemistry 
Joseph 1. Bevirt, Assistant in Agricultural Chemistry 
T. W . Bretz, Professor of Forestry 
Kenneth A. Brinkman, Research Associate in Forestry 
Wm. Dwight Buchanan, Research Associate in Forestry 
Chu Shan Cheng, Assistant in Dairy Husbandry Edward H . 
Chu Shan Cheng, Assistant in Dairy Husbandry 
Edward H . Coe, Jr., Research Associate in Dept. of Field Crops 
James T. Custod, Assistant in Agricultural Chemistry 
Thomas W . Day, Assistant in Poultry Husbandry 
Theodore Max Dean, Assistant in Soils 
Isabelle Delaney, Assistant Professor of Home Economics 
Clyde H. Duncan, Assistant Agricultural Editor 
Don O. Elefson, Assistant in Agricultural Economics 
Margaret H . Emmerling, Assistant Professor of Field Crops 
Virginia Lee Fisher, Assistant in Home Economics 
Ernestine Frazier, Professor of Home Economics 
Helen Gordon, Instructor in Home Economics 
Clarence O . Grogan, Research Associate, Dept. of Field Crops 
Robert F. Grorts, Assistant in Poultry Husbandry 
John Guillion, Assistant in Department of Agricultural 

Chemistry 
David H. Haden, Assistant in Animal HUSbandry 
Bobby E. Hankins, Assistant in Agricultural Chemistry 
Delmar E. Hatesohl, Assistant Agricultural Editor 
Wm. T. Higdon, Assistant in Soils 
Josephine M. Holik, Instructor in Home Economics 
Marilyn Holman, Assistant in Home Economics 
Vernon C. Jamison, Research Associate in Soils 
FrankJohnson, Assistant in Agricultural Chemistry 
Clovis Arnold Jones, Supervisor of Photo Service 
Thomas W . Jones, Research Associate in Forestry 
Virginia Kloeris, Assistant in the Department of Agricultural 

Chemistry 
John R. Laughnan, Professor of Field Crops 
Jerry Fell Lenox, Assistant in Home Economics 
John H. Longwell, Jr., Assistant in Department ofField Crops 
E. R. Morris, Assistant in Agricultural Chemistry 
Auttis M. Mullins, Instructor in Animal Husbandry 
Mohsen Nour, Assistant in Horticulture 
David Parberry, Assistant in Soils 
Bill W . Pickett, Assistant in Dairy Husbandry 
Gayle W. Pipes, Instructor in Dairy Husbandry 
Jack J. Preiss, Research Associate in Rural Sociology 
Russ Edward Price, Assistant in Agricultural Economics 
Vernon E. Renner, Assistant in Soils 
Verna Adwell Rhodes, Instructor in Home Economics 
Kate Ellen Rogers, Assistant Professor of Home Economics 

Ivan Lee Sander, Research Associate in Forestry 
Jimmie E. Savage, Instructor in Poultry Husbandry 
Lola W . Schmitz, Assistant in Home Economics 
Phil M. Smith, 111 , Assistant in Soils 
Perry R. Stahl, Assistant in Dairy Husbandry 
Frank Allen Stanley , Assistant in Soils 
Charles W . Strobel, Assistant in Agricultural Chemistry 
George A. Thompson, Assistant in Forestry 
George H. \'<7 agner, Assistant in Soils 
Marvin D. Whitehead, Associate Professor of Field Crops 
Neil B. Wilson, Assistant in Animal Husbandry 
Alice Wright, Instructor in Home Economics 
Hiroo YamamotO, Assistant in Dairy Husbandry 
Anna Catherine Yost, Instructor in Home Economics 

Resignations and Witbdrawals 
Harold E. Affsprung, Assistant in Agricultural Chemistry 
Roy O. Baker, Assistant in Animal Husbandry 
Ann M. Beall, Instructor in Home Economics 
Marvin C. Burnett, Analyst in the Department of Agricultural 

Chemistry 
Paul Y. Burns, Assistant Professor of Forestry 
Joe D. Crumpacker, Assistant in Agricultural Engineering 
C. Kenneth Cloninger, Administrative Assistant in Director's 

Office 
Thomas W . Day, Assistant in Poultry Husbandry 
Don E. Elefson, Assistant in Agricultural Economics 
Merle 1. Esmay, Professor of Agricultural Engineering 
Wayne C. Freeark, Assistant in Agricultural Chemistry 
Henry N . Fukui, Assistant in Agrimltural Chemistry 
Cecil K. Goberdhan, Analyst in Agricultural Chemistry 
David H. Haden, Assistant in Animal Husbandry 
Leonard Haseman, Professor of Entomology (retired) 
Starley M. Hunter, Professor of Home Economics 
Harry 1. Kempster, Professor of Poultry Husbandry (retired) 
Wm. Dale Klobe, Assistant in Soils 
J ohn R. Laughnan, Professor of Field Crops 
Jerry Fell Lenox, Assistant in Home Economics 
Clifton W. Loomis, Assistant Professor of Agricultural 

Economics 
1. Donald Meyer, Assistant in Agricultural Engineering 
Merle E. Michaelson, Assistant Professor of Fie1d Crops 
Billie S. Morgan, Assistant in Horticulture 
Tommy Sue Moxley, Instructor in Home Economics 
Robert D. Neeley, Assistant in Field Crops 
Ivan L. Sander, Research Associate in Forestry 
Joan Klingner Stadler, Assistant in Field Crops 
Jean Huston Springer, Assistant Professor of Home Economics 
George A. Thompson, Assistant in Forestry 
Nelson Trickey, Assistant in Soils 
William J. Upchurch, Assistant Professor of Soils 
Neil B. Wilson, Assistant Professor of Soils 
Neil B. \'<7ilson, Assistant in Animal Husbandry 
Dorothy Worstell, Research Associate in Dairy Husbandry 
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FINANCIAL STATEMENT 
University of Missouri 

Agricultural Experiment Station 
July 1, 1954 to June 30! 1955 

Bankhead- Bankhead Bankhead 
Jones Jones Jones State Ap-

Hatch Adams Purnell Sec. 5 9bl&2 9b3 AMA propria Fertilizer Station Station 
Fund Fund Fund Fund Fund Fund Fund tions Fees Sales Grants TOTAL 

Balance from f953-54 xxxxxxxx xxxxxxxx xxxxxxxx xxxxxxxx xxxxxxxxx 
ReceIpts from tfie Umted 

xxxxxxxx xxxxxxxx xxxxxxxxx xx:xxxxxxx 236,184.06 56!338.90 292,522.96 

States Treasury, Appro-
priation for the Fiscal 
Year ended June 30, 
1955 15,000.00 15,000.00 60,000.00 78,849 .57 232,680.25 · 44,450.00 13,000.00 xxxxxxxxx xxxxxxxxx xxxxxxx:xx xxxxxxxxx 458,979.82 

Receipts from State Ap-
propriations for the 
Fiscal Year ended June 
30, 1955 xxxxxxxx xxxxxxxx xxxxxxxx xxxxxxxx xxxxx:xxxx xxxxxxxx xxxxxxxx 323,052.03 xxxxxxxxx xxxxxxxxx xxxxxxxxx 323,052.03 

Cash Receipts for the 
Fiscal Year ended June 
30, 1955 xxxxxxxx xxxxxxxx xxxxxxxx xxxxxxxx xxxxxxxxx xxxxxxxx xxxxxxxx xxxxxxxxx 232!396.80 175!221. 78 131!392.37 539,010.95 

Total Receipts 15,000.00 15!000.00 60,000.00 78,849.57 232,680.25 44,450.00 13,000.00 323,052.03 232!396.80 175!221. 78 131,392 .37 1!321!042.80 

Personal Service 11,665.00 10,637.56 54,287.24 58,951.41 165,681.74 31,505.05 10,587.71 204,788.78 90,733.67 111,278.11 98,987 .36 849,103.63 

Travel 703.82 36.41 812.69 1,124.94 5,585.72 3,469.51 479.63 13,154.77 6,579 .60 13;127.34 3,833.83 48,908.26 

Transportation of Things -------- 6.95 154.72 120.80 540.05 87.98 .75 722.82 804.38 1,582.17 363.75 4,384.37 

Communication Service 29.40 11.00 5.30.- 161.97 781.48 196.83 62.73 3,134.40 1,224.89 2,792.54 387.17 8,787.71 

Rents and Utility Service 77.83 -------- 126.27 355.34 1,190.03 105.55 -------- 5,033.79 3,175.63 5,767.89 950.09 16,782.42 

Printing and Binding -------- - -- - - ---- - ------- 53.22 --------- -------- -------- 13,333.27 2,028.29 17,398.50 71.04 32,884.32 

Other Contractual Services 368.00 206.68 856.18 1,849.65 8,675.16 1,218.88 1,047.64 16,281.81 9,813.44 30,358.28 5,148.67 75,824.39 

Supplies and Materials 2,046.60 3,533.80 3,254.74 14,049.33 38,126.57 5,363.15 450.79 42,551.83 25,303.73 71,570.64 23,751.66 230,002.84 

Equipment 109.35 567.60 502.86 2,182.91 12,099.50 2,503.05 370.75 (1) (1) (1) (1) 18,336.02 

Land and Structures -- --- -- - --- - - --- -------- -------- --------- --------- - --- ---- 23,574.12 9,670.13 39,642.65 6,067.12 78,954.02 

Other -- ---- -- -------- -------- - - - ----- --------- -------- ------ - - 476.44 36.53 11!568.49 ------ --- 121081.46 

Total Expenditures 15,000.00 15,000.00 60,000.00 78,849.57 232,680.25 44,450.00 13,000.00 323,052.03 149,370.29 305,086.61 139,560.69 1,376,049.44 

Unexpended Balances 
June 30, 1955 ------- - -------- -------- - -- - ---- - ----- -- -- --------- - ---- --- --------- 83,026.51 106,319~3 _ 481 17(!.58 237,516.32 

(I) Included with Land and Structures 



Administrative Staff 

Elmer Ellis, Ph.D., LL.D. , President 
Dale O . Bowling, B. S., Business Manager 
R. H . Bezoni, B. S., Comptroller 
R. B. Price, LL.B., Treasurer 
John H. Longwell, Ph.D., Director of Agricultural 

Experiment Station 
Samuel Bryan Shirky, A. M., Associate Director of the 

Agricultural Experiment Station 
Homer J. L'Hote, A. M., Administrative Assistant in 

the Office of the Director 
Allan W. Purdy, A. M. , Administrative Assistant in 

the Office of the Director 
Francis L. Moritz, B. S. , Administrative Assistant in 

the Office of the Director 
Elmer B. Winner, M. S., Agricultural Editor 
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