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The April day was frying pan hot. Thunderheads 
boiled up to the south, and a humid, stifling air augured 
of a brewing storm, but not before the man in the truck 
noted the tell-tale warning of a flat wheel. He quickly 
swerved the nose of the big diesel onto the road's shoul
der. Quickly he dismounted and seconds later stood in 
shirt sleeves eyeing the cause of his misfortune. 

"A flat, and its hotter 'n blue blazes." 
He took a large swig from a western water jug, and 

as he did, caught the wording on a sign by the side of 
the road out of the tail of an eye. He slowly read the 
words as his Adam's apple worked up and down. He 
muttered to himself, "Research Center, huh." He thought 
to himself that this was a nice place to have a flat, runnin' 
an hour late now with this freight, and no shade in sight. 
He made ready to change the tire, as he wiped the sweat 
beading up now all over his face. 

"Having a bit of trouble, buddy?" The state trooper 
braked his car to a sudden stop. "Not much, just a small 
flat. I'll have it fired in a jiffy," the truck driver quipped. 
The trooper made ready to move on, but paused when 
the truck driver queried, "What sort of place is this over 
there by the side of the road?" He added, "Says on the 
sign that it is a research center, whatever that is." 

"That's just what it is, a research center." The trooper 
spoke with his usual confidence. "They run experiments 
on that farm on just about everything grown in this neck 
of the woods. You'd be surprised how much information 
they get on just one small subject. Insects fr instance." 

"Oh, I know," the trucker said. "Now that you've 
explained it. We've got the same thing in California. 
That sign don't tell all the story either." He adjusted the 
jack, maneuvering it round so it would sit firmly on the 
ground. "My brother studied agriculture at Davis," he 
declared, "and he's full of what they discover on these 
experimental farms." 

The trooper nodded agreement, "You don't need to 
be a detective to know there's a lot more behind those 
words 'Research · Center,' than you see at first." He 
pointed to the sign by the side of the road. 

The law man moved on. The truck driver in time 
finished changing the tire and left. The sign is still there, 
one of more than a dozen sud~ symbols in the state of 
Missouri, all of which announce simply that l;!.ere are 
acres of land devoted to the studies of man's problems in 
regard to food and fiber. These modest road side markers, 
wherever you see them, simply identify the land devoted 

Clyde H. Duncan 

to today's research which will add up to tomorrow's re
wards in the long, fruitful program of the Missouri 
Experiment Station. 

For instance, there is the one at New Franklin in 
the north-central area of the state, where on a 310-acre 
tract specific problems relating to fruits and vegetables 
are being studied in this Missouri river hill country with 
its famous loess, that finely grained, yellow'!.sh-brown, 
extremely fertile loam, strewn there by the wind of the 
centuries. An ideal place to study how to improve sweet 
potatoes, and cultural practices to improve the storage 
and keeping qualities of Irish ones too. 

At this same center they are also studying irrigation. 
Station scientists have found that irrigated peach trees 
yield 10.5 percent more fruit by weight, and they were 
9.2 percent bigger than the non-irrigated ones. 

A few miles on to the northwest near Spickard in 
Grundy county one sees the same sort of sign, and the 
story behind it too is one of practical research, a sort of 
multiple research in soils, field crops, agricultural engi
neering, and entomology on a 1600-acre farm. Here the 
corn borer is studied as he lunches on Missouri's deli
cious roasting ears, and here scientists study weed con
trol, soil fertility and crop variety tests among many 
other projects. 

In every case these farms are not just ordinary farms. 
They are experimental farms and as such are dedicated to 
serving all the people. There's the one near Hannibal 
where a 112-acre farm is used for dairy research. A gift 
to the University of Missouri by Sarah Rhodes Hatch, 
daughter of William Hentry Hatch, sponsor of the fa
mous Hatch Act which in 1887 brought into existence 
our system of state experiment stations, this farm lays 
special emphasis on dairy cattle breeding studies. Such 
useful research is also carried on as determining the effect 
upon production and eating habits of a Jersey herd when 
hay is substituted for green chopped forage. 

At Weldon Springs in St. Charles County, there is a 
research center consisting of 7,920 acres devoted to fores
try, beef cattle breeding, and soils research. Here being 
investigated are the techniques for developing more ac
curate and useful measurements of performance in beef 
cattle and of identifying "dwarf free" and "dwarf carrier" 
beef cattle. 

There is a newer sign by the side of the road near 
Mount Vernon in Lawrence county where the Southwest 
Missouri Research Center was formally established in the 
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fall of 1958. In this Ozark setting 590 acres have been 
set aside, and as soon as permanent facilities can be estab
lished research will be carried on relating to the agricul
tural problems perculiar to that area. 

On across the state eastward from Mount Vernon to 
Poplar Bluff in Butler County, there's 9000-acres of trees 
used for forestry research work. This is part of the land 
given to the state under the first Morrill Act of 1862 in 
which public land was presented to the states and 
territories to provide for the establishment of land grant 
colleges to stimulate interest in agriculture and the me
chanic arts . 

Stand improvement of immature oak, control of un
desirable trees, effect of forest cover on soil and water 
resources are some of today's studies in the field of fores
try there. 

So on and on we go, reading these signs at the 
side of the road, and finding at Lathrop in Clinton coun
ty a 50-acre leased field used for studying pasture im
provement, and at McCredie in Callaway County soils, 
fields crops and agricultural engineering studies are be
ing pursued on a 300-acre farm. It was acquired from the 
Federal Government through an Act of Congress. Spe
cific studies at McCredie include those of water manage
ment, soil losses through erosion and soil-fertility. These 
findings are of great importance to us all regardless of 
whether we be city or rural residents. 

At Elsberry there's a sign by the side of the road 
telling of a small tract of land, ten acres, that's all, leased 
and devoted to studies on supplementary irrigation in 
various crop rotations. The Missouri Experiment Station 
and the U. S. Department of Agriculture have a continu
ing cooperative project here. 

Near Sikeston in southeast Missouri, a 100 acre field 
was established in 1946 through a 20-year lease. This 
field has served as the hub of operations for all the sta
tion's scientific studies being conducted for the "Boot
heel" area. Much of the experimental work in this vast, 
interesting section of the state is rehted to its most 
valuable crop-cotton-and production systems which 
will enhance it economically for all its residents. Also 
being studied are insect and nematode problems as they 
relate to vegetable production. There's also a · 30'-acre field 
of gumbo soil under lease near Bragg City in Pemiscot 
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county, and in Mississippi County near Diehlstadt, there's 
a 20-acre field of sandy loam soil under lease where prob
lems are studied of a specific nature as they relate to the 
"Bootheel" part of the state. These include, among other 
studies, investigations on fusarium wilt, root knot nema
todes on cotton, soybeans and watermelons. Soon now 
there will be another sign along the road seven miles 
southeast of Portageville where last fall a 666-acre tract 
of land was given to the University of Missouri for re
search by Margaret M. Marsh and Matilda Cavanaugh. 
It will henceforth be known as the Southeast Missouri 
Research Center, dedicated to the problems of agricul
tural production as they relate to Southeast Missouri. 

The first experiments will be conducted at the new 
center beginning with the 1960 cropping season. Facili
ties for this newest of all the research areas in the state, 
will be developed as fast as funds are available. 

The lessons to be gained from the use of this allitera
tion, "the sign by the side of the road," may be found in 
the total results of the Missouri Experiment Station, 
which for almost three quarters of a century has been an 
institution of unselfish service to the tax payers of the 
state and as dedicated as any missionary to improving 
the life and lot of Missouri people. 

Search behind that symbol of research, that sign by 
the side of the road, and you find its true meaning. 
Couched in simple language one easily can visualize 
these words: Here on these acres, amongst and under 
these almost hallowed clods, the scientist and the scholar 
bring the best of their thoughts and their reasoning to 
be nurtured by sunshine and rain and that through these 
efforts the world will be better fed and clothed, and man
kind will be happier for what is done here. Such is the 
message for one and all behind the sign by the side of 
the road. 

In the pages that follow you will find summarized 
the 227 individual stories of Missouri research as is car
ried on at the Missouri Agricultural Experiment Station. 
There is a table of contents on another page for your 
reference in finding exactly the research report in which 
you may be especially interested. It is the aim of this 
bulletin to acquaint you with all of the scientific studies 
now being carried on at your station which will prove 
beneficial to you and your family as residents of Missouri 



Agricultural Chemistry 
M. E. Muhrer, Chairman 

Project 81 -Biochemical, Physical and Physiological 
Aspects in Natural and Artificial Breeding 

D. T. MAYER, FRANK MADERA-ORSINI, R. E. BERRY, 

L. D. MILLER, M . BARTEK, Y. MATSUMOTO 

Objectives: 

Although artificial insemination has progressed during 
the past ten years at an astounding pace, little progress has 
been made in obaining new knowledge regarding the factors 
determining fertility or the mysterious mechanisms underlying 
the entire reproductive process. The germ cells, spermatozoa and 
ova, are the ultimate determinants of fertility and are the 
primary objects of all of the individual reproductive processes. 
However, until recent years, we have had little or no knowl
edge of the chemistry and physiology of these important cells; 
knowledge which is basic to an understanding of fertility and 
reproduction in farm animals. The primary objective of the 
research under this project is a study of the chemistry of bull 
and boar spermatozoa and the role each chemical substance 
plays in reproduction. 

A lipoprotein-carbohydrate complex, which consti
tutes from 40 to 50 percent of the mass of bull and boar 
spermatozoa, has been isolated. This fraction is very com
plex and contains sugars, proteins, fatty acids , lecithin, 
cephalins, Ca and several other substances. This fraction 
contains a heparin-like and a thromboplastin-like sub
stance, which cause coagulation and liquifaction of blood 
and of cell constituents. This fraction, then, may b.e of 
importance in fertilization. The isolated lipoprotein
carbon,drate complex proved capable of replacing egg 
yolk in storage media of'bull spermatozoa. In addition, 
nucleic acids, a keratin-like protein, and a basic protein 
were isolated from bull spermatozoa. The basic protein 
is a histone, a relatively simple basic protein. Studies on 
testicular and epididymal spermatozoa indicated that im
mature spermatozoa contain a complex protein (acidic 
in nature) which loses acidic amino acids during matura
tion of spermatozoa in the epididymis and is converted 
to the basic histone prior to ejaculation. Other studies 
showed that immature spermatozoa contain less than half 
the amount of the lipoprotein-carbohydrate complex 
found in ejaculated spermatozoa. Hence, changes in the 
epididymis may· be of importance to the ultimate fertiliz
ing capacity of spermatozoa. Stable commercial lecithins 
were superior to egg yolk in preserving bull spermatozoa 
during storage. 

Project 56-Hemorrhagic Conditions in 
Farm Animals 

M. E. MUHRER 

Objectives: 

A. Study the effects of thrombocytes on hemostasis. 
B. To initiate parturition. 

One of the key physiological mechanisms that holds 
the balance of life or death of animals is the mechanism 
of hemostasis. Death results quickly in an animal if the 
circulating fluid is hypercoagulable so that circulation to 
any of the vital organs stops. On the other hand, if the 
circulating body fluid is hypocoagulable the animal will 
bleed to death from a slight injury. 

The Missouri College of Agriculture maintains the 
only herd of farm animals that have an inherited bleed
ing tendency. This herd offers opportunity for research 
in the field of hemostasis that is not available elsewhere. 
Blood cells as well as blood plasma are involved in co
agulation and hemostasis. Thrombocytes, the smallest of 
the cells, are considered one of the key units in the com
plicated process. The stability of these thrombocytes was 
studied by determining their tendency to break in hypo
tonic salt solutions. These small cells are suspended in 
solutions sufficiently hypotonic to cause them to release 
thromboplastin which accelerates the rate of coagulation 
of recalcified plasma. The rate of coagulation is an indirect 
measure of the extent of the thrombocyte disintegration. 
A more dilute salt solution will be required to disinte
grate the more stable platelets. If the cells are broken by 
hypotonic salt solution the coagulation time of bleeder 
and normal animals are nearly the same. However, coagu
lation times are not reduced in cell-free plasma in either 
bleeder or normals in even the lowest salt concentration. 
Therefore, thrombocyte stability affects hemostasis. It 
either takes more cellular material to stimulate coagula
tion in bleeder plasma or bleeder cells are slower to re
lease cellular material. 

Considerable difficulty was experienced during the 
year in maintaining a bleeder herd due to loss of breed
ing stock from hemorrhage. Herd maintenance could be 
improved if an attendant could be present at parturition 
time. . 

Some progress has been made on the initiation of 
parturition. In an attempt to initiate parturition 4 hor
mone-like substances were used, diethylstilbesterol, 
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pitocin, relaxin, and progesterone. The pitocin, relaxin 
and progesterone were administered as intramuscular in
jections and the diethylstilbesterol was given in the feed. 
No adverse effects were observed on any of the animals 
on the project even though large doses of these hor
mones were administered. The most effective of the hor
mones used was pitocin. However, it was not always pos
sible to observe an effect from pitocin and it was evident 
that something in addition was needed to sensitize the 
uterine muscles to this hormone. In addition to the effect 
on parturition the other desirable effects of pitocin were 
also observed. Sows treated with pitocin were less vi
cious, showed a greater mothering ability and had more 
milk available for the newborn pigs. The initiation of 
parturition has great practical possibilities as well as be
ing helpful to related research projects. 

Further work along this line is being planned for 
next year. 

Project 137-Unrecognized Factors or Proper 
Proportions of Amino Acids Required by Poultry 

B. L. O'DELL, A. G. HOGAN, W . D. WOODS 

Objectives: 

To determine the quantities and proportions of amino 
acids required for optimum performance of the growing chick. 

The maximum rate of growth was obtained when 
chicks were fed a combination of casein, gelatin and 
liver or soy protein. These proteins were analyzed for 
amino acids and the amino acid composition of the ra
tions were calculated. The superior growth rates observed 
when liver and soy protein were included could not be 
attributed to their amino acid composition. It was postu
lated that liver and soy proteins supply either an unrec
ognized nutrient or contain a peptide linkage which 
governs rate of amino acid release or which supplied a 
peptide of unique nutritional properties. 

Project 149-Critical Nutrients in Guinea 
Pig Nutrition . ' 

B. L. O'DELL, E. R. MORRIS, w . 0. REGAN, 

A. G. HOGAN 

Objectives: 

To determine the optimum mineral balance for growth 
and reproduction in the guinea pig. To isolate and ident~fy 
the growth stimulant in green foods. 

Guinea pigs maintained on diets low in magnesium 
develop symptoms of a magnesium deficiency which dif
fer in some respects from those that occur in the rat. The 
animals grow slowly, develop visible deposits of calcium 
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phosphate in soft tissues, become stiff in the hindquarters 
and eventually die. In contrast to the rat, guinea pigs do 
not develop hyperemia or alopecia but frequently the 
incisors become eroded, softened and easily broken. 

As in the rat the requirement for magnesium is in
creased by a high dietary level of calcium. High levels of 
phosphorus also increase the requirement and the effect 
is more marked than that of calcium, particularly as re
gards soft tissue calcification. The effect of elevated levels 
of the two elements are somewhat additive. 

Analysis of liver, kidney, heart and muscle from 
deficient and control animals shows little difference in 
the magnesium content but the calcium and phosphorus 
contents of all tissues were elevated. The effect on phos
phorus was less than on calcium and the changes in liver 
were less marked than in other tissues. The magnesium 
content of serum was decreased to about one-half the 
normal value by the dietary deficiency but the calcium 
level was unchanged. The magnesium content of bones 
and teeth was reduced to about one-third the control 
value whereas calcium and phosphorus were unchanged. 

Project 1 51-Maternal Nutrition and Cogenital 
Abnormalities in Infant Rats 

B. L. O'DELL, B. A. ERICKSON, A. G. HOGAN, 

GENEVIEVE REYNOLDS 

Objectives: 

To study the effict of various types of physiological stress 
on malformations in the newborn rat. To study the physiologi
cal and biochemical functions of various vitamim as related to 
cause of congenital malformations. 

The effect of cobalt and of the major dietary consti
tuents, protein, fat and carbohydrate, on the vitamin B1 2 

requirement for growth and for reproduction and lacta
tion has been investigat~d. Male rats showed all'greater 
growth response to dietary B12 than did females. Con
sidering both sexes the greatest response occurred when 
the animals consumed a high. (30 percent) fat diet, but 
the response of males on a high ( 60 percent) protein 
diet was as great. The addition of cobalt to a vitamin 
B12 deficient diet stimulated the growth rate about 10 
percent while B12 increased it 50 percent. Cobalt added 
to the diet of reproducmg females 1mproved weaning 
percentage and decreased congenital malformations. The 
dietary source of calories had little effect on the B12 re
quirement ~s judged by the criteria of B12 deficiencies in 
the reproducing female rat. 

S:opp.er. and iron deficiencies produced by feeding 
whole .dried milk resulted in anemic offspring that showed 
a loJW survival rate and a ·high incidence of skeletal de
fects. Copper deficiency causes subcutaneous hemorrhage 



in the newborn and high incidence of stillbirths. The 
consumption of barbiturates or progesterone or the ad
ministration of cortisone caused hydrocephalus in the 
newborn, and a high incidence of stillbirths and skeletal 
defects. 

Project 152-Rumen Culture 

M . E. MUHRER, G. B. GARNER, E. J. CARROLL, 

R. A. BLOOMFIELD 

Objectives: 

A. Isolation and characterization of natural and syn
thetic compounds stimulating cellulose digestion by rumen or
ganisms. 

B. Factors necessary for the conversion of non-protein 
nitrogen to protein in vitro by rumen organisms. 

C. Improvement of the nutritive value of high-fiber farm 
forages by fermentation with rumen organisms. 

Further studies were made to determine the nature 
of the factor(s) found in silage which increase cellulose 
digestion in the artificial rumen. Purification of the com
plex mixture was improved by the use of Lloyd's reagent 
at varying pH. It was further purified by passing an 
alcoholic solution of the partially purified material 
through an IR-4B exchange column in the OH form. 
The active fraction was absorbed on the column and 
could be eluted by 5 percent sodium bicarbonate. This 
would indicate the active fraction is a weak acid. With 
increasing purity of the silage extract less inhibition of 
cellulose digestion was noted at the higher level of ex
tract. However, there was a tendency for the digestion 
to level off. This may be due to several reasons other 
than the factor itself. 

The effects of different levels and kinds of carbohy
drates as energy sources that would function in the utili
zation of urea nitrogen by rumen organisms in vitro was 
studied. It was found that the amount of urea nitrogen 
disappearing was a direct function of the amount of 
glucose present. Alanine, lactic acid and pyruvic acid all 
showed activity while propionate, succinate and valerate 
did not. This indicates a possible need for a compound 
with a functional group on the alpha carbon. 

Starches from different sources were shown to have 
varying activity. 

A mixture containing 44 percent wheat bran and 44 
percent ground corn cobs plus molasses and minerals 
was fermented by rumen organisms anaerobically. When 
fed to chicks at a level of 30 percent of the ration in two 
trials of four weeks, no improvement could be shown by 
fermentation. 

A mixture containing 51 percent ground wheat 
straw, 12.5 percent ground corn, 20.5 percent alfalfa leaf 

meal, molasses and minerals was also fermented and fed 
at a level of 20 percent of the ration to chicks for five 
weeks. No improvement was found over non-fermented 
controls. When fed as a wet mash, significant improve
ment was found. This was attributed to a "wild" fer
mentation by organisms present on the wheat straw. 

When the fermented wheat bran-corn cob mix or a 
mix containing 88 percent wheat bran or 88 percent corn 
cobs were fed to swine, no improvement was shown over 
non-fermented controls. 

The failure to show improvement by fermenting 
wheat bran was attributed to the high protein level of 
the bran since extensive proteolysis deamination was 
shown during the fermentation. 

Project 223-The Role of Hormones in the Bio
chemical and Physiological Activities of the Repro
ductive Organs. (Cooperation with Project 222, 
Swine Breeding.) 

D. T. MAYER, M. MILICEVIC, HELEN GODBEY, 

M. S. FAHIM, V. B . REDDY 

Objectives: 

A. A study of factors involved in embryonic mortality in 
swine. 

B. A search for physiological or biochemical criteria for 
selecting swine for growth potentialities. 

C. A study of the quantity and types of estrogens ex
creted in swine urine during pregnancy, especially at two 
peak periods of hormone excretion. 

In an attempt to increase litter size in swine, em
bryonic mortality and embryonic survival have been 
thoroughly studied for a number of years at the Missouri 
Station. As a result of these studies it was found that 
the major factors influencing embryonic growth and de
velopment were intra uterine space or distances between 
developing embryos and an optimal uterine environment. 
A hormonal treatment of pregnant sows was developed 
which resulted in a 10 percent decrease in embryonic 
mortality, an increase in the number of ova released and 
an increase in uterine size. In this investigation the mix
ture of pregnancy hormones were administered in oil by 
injection. Future plans include the use of pellets of the 
hormones or mixtures of appropriate hormones as part 
of the ration. 

The female sex hormones, the estrogens are excreted 
in the urine of the pregnant sow in appreciable quantities 
during two peak periods; one from the 20th to 30th day 
of pregnancy and one beginning about the 75th day and 
ending just before parturition. Earlier work in our lab
oratory suggested that estrone and estriol were excreted 
during both periods. The pregnant sow and the pregnant 
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human female are unique in that they excrete estriol dur
ing pregnancy. Methods have been developed for estab
lishing the exact quantities and the nature of the estro
gens excreted by the pregnant sow especially just prior 
to the initiation of the farrowing process. 

Pigs were given a mechanical or hormonal stress in 
preliminary studies which may lead to the development 
of laboratory tests for evaluating and selecting pigs with 
the greatest potentialities for rapid growth. Mechanical 
stress in 61 pigs of 4 different breeds resulted in changes 
in white blood cell numbers and each breed responded to 
a different degree to the stress. This suggests inherited 
differences in the production of a pituitary hormone 
which controls the adrenal glands. Hormonal stress ap
plied by injecting insulin during pregnancy showed that 
sows were less sensitive-as measured by blood glucose 
changes and white blood cell numbers-during lactation 
than they were before mating or at any time during 
pregnancy. 

Project 247 -Forage Poisoning Caused by Drought 

M. E. MUHRER, G. B . GARNER, B. L. O 'DELL, 

L. M. FLYNN, W. 0 . REGAN, R . A . BLOOMFIELD 

Objectives: 

A. To study the blood nitrate level of farm and experi

mental animals on various rations. 
B. To investigate the possible relationship of nitrate in 

the conversion of carotene to vitamin A. 
C. To characterize the toxic factor in red clover hay 

known to cause slobbering and excessive dehydration in cattle. 

D. To sudy methods of preservation of forages and grain 

to eliminate toxic principles and improve feed value. 

Gilts were fed a practical swine ration containing 
0.0, 0.5 , 1.0 and 2.0 percent potassium nitrate from the 
thirty-fifth day of gestation through parturition. Blood 
serum levels reflected the level of nitrate in the ration. 
On the average the control serum samples contained 1.2 

mg. percent KN03 while the experimental samples con
tained 4.1, 5.8 and 11.2 mg. percent for the 0.5, 1.0 and 
2.0 percent KN03 rations, respectively. Vasodilation and 
irritability were noted in the experimental gilts. Though 
not conclusive, there were more dead pigs farrowed on 
the 2 percent level. Milk production did not seem to be 
impaired. One litter from a 2 percent gilt had four dead 
pigs which resembled the condition of a vitamin A de
ficiency. The experiment did not produce the effects seen 
in field conditions where high nitra~:e forage is consumed 
by sows. 

Carotene conversion to vitamin A has been thought 
to be inhibited in cattle consuming high nitrate forage. 
An in vitro system of pure chemicals Wa$ designed to find 
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the destructive effect of KN02 and KNOa on carotene 
at various pH levels found in the digestive system of 
cattle. At the low pH level, comparable to the true 
stomach of cattle, 60-90 percent of the carotene was de
stroyed in 1.5 hours in the presence of nitrite but not 
nitrate. Nitrite escaping the rumen could prevent carotene 
conversion by destroying it in the true stomach, pro
viding this in vitro system is comparable to the intact 
animal. 

The toxic factor in red clover was tested in many 
hay samples. Those found to produce the slobbering 
symptom in guinea pigs were further tested chemically 
for possible characterization. 

Plastic bags were used to store high moisture milo. 
Feed efficiency, as measured by hogs, indicates the high 
moisture milo is slightly better than dry corn but not as 
good as the dry milo. Similar bags were used to ensile 
corn with various preservatives. Sodium meta bisulfite 
at 0.4 percent gave the same carotene preservation as 
meta bisulfite at 1.0 percent. Molasses at 5.0 percent was 
next best. Nitrate reduction was less as the level of meta 
bisulfite increased. All treatments used resulted in the 
nitrate level at the end of fermentation being higher than 
the control. However, there was some reduction in all 
cases when compared with the corn as ensiled. 

Project 147 -Mineral Content of Alfalfa and Other 
Feeds Grown in Missouri 

Analyses of about two hundred samples of alfalfa 
grown in Missouri have been completed for the biologi
cally important trace and major mineral elements. The 
supply of minerals appears adequate for both plant and 
animal except that of the element cobalt. About 40 per
cent of the samples contain less cobalt than the amount 
considered necessary in the diet of ruminants. Most of 
these cobalt-deficient samples come from the loess soils 
of northwest Missouri and from the river-bottom lands. 
A few analyses of corn stover show a similar pattern of 
cobalt deficiency. The deficiency may be made up by 
cobalt in other feeds or direct from the soils in these 
areas ; further work should be done on these lines. The 
symptoms of cobalt deficiency in cattle and sheep do not 
appear to be more common in these regions than else
where. However, it is possible that cobalt supplementa
tion of the feeds of ruminants should be recommended. 

Project 76-Spectrographic Laboratory 

· The Spectrographic Laboratory performs analyses for 
trace minerals and major elements in various agricultural 
m,a_te~ials. A wide variety of other spectroscopic and in
strumental tests are a~so made. The laboratory is well 



equipped with modern, highly automatic instruments, 
and a chemical laboratory is operated to make the sam
ples ready for the analyses. About 900 samples were anal
yzed for 2,400 constituents in connection with various 
projects of the Agrioiltural Experiment Station. For 
other departments and projects of the University, 250 
samples were analyzed. For individuals and agencies out
side the university, 50 samples were analyzed. A total 
of 2,862 determinations were made. 

Project 148-Factors Affecting the Stability of the 
Colloidal Casein in Milk 

c. W. GEHRKE, w. G. GODBEY 

Objectives: 

A. Study the mechanisms of denaturation, polymeriza
tion, and micelle formation of milk proteins (caseins), 

B. Isolate and characterize the various milk caseins, 
C. Study the reaction of rennin and calcium on the 

various caseins and the relation of one protein and its inter
action, with itself, and others, 

D. Determine the effect of pH, ionic strength, organic 
compounds, temperature, and inhibitors upon these reactions, 
and finally 

E. Determine helix-coil transitions. 

During this past year the enzymic phase of rennet 
action on the proteins in milk was studied. It was found 
that rennin caused an increased sedimentation of proteins 
which was accelerated by addition of calcium. It is ton
eluded that rennin causes aggregation of casein particles 
in the enzymic phase. It was further demonstrated by 
the chemical composition of the sediment that there is 
no increase in the base-combining capacity of paracaSein. 
Formaldehyde titration data confirmed that there is no 
cleavage of peptide bonds in the first phase of the rennet 
coagulation process. 

. Further viscosity studies did not reveal any significant 
differences in the rennet treated samples as compared to 
the untreated controls. This indicated that the viscosity 
of the rennet treated milk was not altered during the 
enzymic phase of rennet action. While there are con
flicting reports in the literature on viscosity changes re
sulting from rennet action on milk, our results are in 
agreement with the recent observations of Sterling who 
did not observe any alterations ip. the viscosity as a re
sult of rennet action on casein sols at 10°C and at 25 oc. 
These observations are also in harmony with the fact 
that increased sedimentation of proteins resulting from 
enzymic action of rennin and due to cal~ium additions 
is produced by an increased association. of the casein par
ticles, as suggested earlier. 

Project 212-Conservation and Improvement of 
Nutritive Value of Foods 

L. M. FLYNN, c. W. GEHRKE, M. E. MUHRER, 
M . S. ZUBER, W . C. ELLIS, W. A. HARGUS. 

Objeaives: 

A. To determine factors affecting the nutritive value of 
corn. 

B. To determine changes that occur in amino acid dis
tribution in rumen contents. 

C. To determine amounts of methionine and cystine in 
feeds commonly used in poultry rations. 

Differences in the time and quantity of rainfall in 
1956, 1957 and 1958 had more effect on the amounts of 
dry matter and carotene in corn than differences in added 
nitrogen. Percent dry matter in leaves of plants cut in 
1956 and 1957 was higher than in leaves of plants cut 
in 1958 (a wet year) . Average percent dry matter in leaves 
of two typical hybrids in these three successive years 
were as follows: Kansas 1639 (early yellow corn)-48.7, 
47.7, 29.2 ; US 523-W (late white corn)-44.0, 37.8, 28.1. 
Carotene in the whole plant was inversely proportional 
to percent dry matter in the leaves. Expressed as milli
grams of carotene per pound dry matter the concentra
tions of the provitamin found in 1957 and 1958 were as 
follows: K-1639-12.2, 31.7; US 523-W-20.1, 32.2. Shelled 
grain contributes about twice as much dry matter as the 
leaves. Yellow corn grain contains about 2 mg. carotene 
per pound. In contrast, average carotene in leaves, in 
milligrams per pound dry matter, in 1956, 1957 and 1958 
was as follows: K-1639-92, 64, 205; US 523-W-110, 104, 
180. 

Several amino acids were determined microbiological
ly in protein and in rumen contents from fistulated lambs 
fed 5 synthetic rations, each with a single protein or 
urea as a source of nitrogen. Cystine in the protein was 
found by oxidation. Amounts of tryptophan, methionine, 
lysine and cystine respectively, in the proteins tested 
were as follows (shown as percentages of protein) : Bo
vine Fibrin-2.50, 2.17, 8.05, 2.51; Drackett Soy Protein-
1.27, 1.47, 5.52, 1.63; Casein-1.07, 3.22, 7.90, 0.64; 
Gelatin-0.05, 1.08, 5.18, 0.22. In the earlier tests of N
balance and biological value, the proteins fell in the 
order listed above (best first) and urea was inferior to 
the proteins. Tests on samples from lambs fed each ra
tion showed that the relative amounts of tryptophan, 
methionine, and lysine in rumen contents collected six 
or twelve hours after feeding differed from those in the 
protein fed. Tryptophan (grams per sixteen grams ni
trogen) was higher in rumen contents from lambs fed 
fibrin than in other samples. In general, in all rumen con
tents, the relative proportions of tryptophan, methionine 
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and lysine (grams amino acid per sixteen grams nitrogen) 
were, respectively, 1, 2 and 5. 

In tests made to determine methionine in feeds by 
microbiological procedures, tests were made of the "re
covery'' of known amounts of methionine added to sam
ples before hydrolysis. Percentages of recovery varied 
from 75 percent with samples low in protein to 100 per
cent with pure proteins. Changes in analytical procedures 
are needed to improve the recoveries of added methionine. 

Tests• were also made to evaluate and improve mic
robiological assays of cystine, by altering the medium, 
shortening time of hydrolysis, etc. Until methods are 
developed which insure repeatable results, and check 
data from oxidation procedures, one must consider data 
from microbiological assays of cystine in feeds as of 
questionable value. 

Project 1 32-Analytical Services 

C. W . GEHRKE, L. D. HAIGH, F. J. JOHNSON, 

W. M. LAMKIN, G. H. KRAMER, W. G. GODBEY, 

J. MACMILLAN, B. M. BEAL, D. F. GOERLITZ 

Objectives: 

A. To conduct analytical research work on the various 
research projects submitted by the several divisions of the Col
lege of Agriculture and related agencies. 

B. To conduct research on the development of new and 
improved quantitative chemical and instrumental methods. 

C. To conduct routine analytical control work for the 
University, Agricultural Stabilization and Conservation Com
mission, and the citizens of the state. 

D. To conduct a basic research program in agricultural 
chemistry with emphasis primarily in Dairy Chemistry; ion
exchange reactions; column, paper, and gas chromatography as 
applied to biochemical research; and various physical-chemical 
studies on proteins and enzymes. This research is conducted in 
cooperation with the various departments of the College of 
Agriculture and other agencies. 

During 1958, 4,214 samples of various kinds were 
submitted by the 13 Departments of the College of Agri
culture to the Experiment Station Chemical Laboratories 
for chemical analysis. On these samples, 19,212 analyses 
were completed. Approximately 50 different types of 
chemical determinations were made. 

The Fertilizer Control Office submitted 2,499 sam
ples of fertilizer collected throughout the state, on which 
13,554 analyses for N, P2 0 5 , K 2 0, and sieve analysis 
were completed. The results of these chemical determina
tions were reported to the Fertilizer Supervisor's Of-
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fice for official action in carrying out the Missouri Fer
tilizer Law. 

The Agricultural Stabilization and Conservation Ad
ministration submitted 1,717 limestOne samples which 
were analyzed for calcium carbonate, magnesium carbo
nate, and calcium carbonate equivalence. The total num
ber of analyses made was 8,585. This work was done for 
the A.S.C. to enable them to ascertain the correct sub
sidy to be paid farmers complying with their rules and 
regulations. The limestone program was conducted on a 
contract basis with the A.S.C. A total of 276 samples 
and 1,468 analyses were completed for people of the state 
on a variety" of samples of animal, plant, and mineral 
origin. 

Collaborative work was done with the Association 
of Official Agricultural Chemists for the development of 
accepted methods in the fertilizer and feed additive sec
tions. A total of 132 analyses were made on 15 samples 
submitted by four A.O.A.C. referees. 

Most of the research work conducted during the 
past year was directed mainly to the development of new 
and improved quantitative chemical procedures. The· de
velopment of a spectrophotometric method for the direct 
determination of Available P2 0 5 in fertilizer was com
pleted and a report presented at the 1958 fall meeting of 
the A.O.A.C. in Washington D. C. This method is be
ing considered by the A.O.A.C. as a possible official 
analytical method. 

An accurate, rapid, radiometric method for the de
termination of potassium in potassium salts was devel
oped. This was accomplished by recording the counting 
rate of potassium-40 from three Geiger tubes and an 
anthracene crystal scintillation detector. This work was 
presented before the fertilizer division at the National 
American Chemical Society Meeting September 7, 1958. 

Additional research on fertilizer methodology was 
conducted on the determination of nitrogen in ammoni
um nitrate by the formaldehyde titration method. Also, 
studies were conducted and will be continued on several 
phases of the existing methods for "available phosphorus" 
in fertilizers. 

Basic research and methods development in the 
field of gas chromatography were pursued extensively 
throughout the year. A quantitative determination of the 
steam volatile fatty acids by gas chromatographic tech
niques was developed in support of a project under in
vestigation in the Department of Animal Husbandry. 
Over 1,000 samples were analyzed for volatile acids; these 
included samples of rumen fluids, silages, organic liquid 
mixtures, and standards. work is in progress on the de
velopment of quantitative gas chromatographic procedures 
for amino acids, polycarboxylic acids, and insecticide 
residues. 



Agricu.ltural Economics 
E. R. Kiehl, Chairman 

Project 65-Cotton Marketing 

J w. McKINSEY, D. N. HARRINGTON 

Objectives: 

The objectives of this study were to discover the extent to 
which local markets in Missouri for cotton recognized differ
ences in the quality of cotton in the price they paid farmers, to 
evaluate the economic significance of any failures to recognize 
any differences in quality by differences in price, and to develop 
some knowledge on the value of market news service and other 
public services in establishing price for cotton. 

In many local markets of Missouri cottons of vary
ing qualities are delivered by farmers, but for_ whic~ t~e 
same price is paid by buyers. This suggests mequlty m 
distribution of income from cotton among farmers. It 
appears to be a major block in the quality improvement 
programs. . 

Quality information on each bale of cotton sold m 
Missouri is available through the USDA cotton classing 
service for a high percentage of the cotton sold in Mis
souri. Yet, virtually all of cotton sold in the local mar
kets during the time of this study was sold before this 
information was made available to the farmer. 

Comparable studies made in other states indicate 
that quality differentials were more fully reflected in price 
differentials in those markets where quality and price 
information was available to the seller and used in selling 
the cotton. Although Missouri prices reflect little in 
quality differences, the level of prices in Missouri markets 
was above that of the central markets and other local 
markets studied. 

It was estimated that for 67 percent of the variations 
of the quality delivered daily to local markets, value dif
ferences due to these differences is $9.00 or less per bale. 

Project 61-Real Estate Price and Assessment 
Trends 

FRANK MILLER 

Objectives: 

A. To keep a record of land price trends in the major 
type of farming areas of the state and to make the information 

available to land owners, prospective buyers, borrowers, and 
lenders. 

B. To compare the valuation of land for tax purposes 
with the legal provisions for assessment procedure. 

C. To find out whether or not the practices being followed 
result in equitable assessment as between the different classes 
of property both within counties and between counties. 

An analysis of land price trends in Missouri was 
completed near the close of 1958. The findings were pub
lished in Missouri Agricultural Experiment Station Re
search Bulletin 686, "Land Price Trends in Missouri". 

The data showed that the land market was much 
less active then than it was 10 years earlier. The decline 
had been most pronounced in Nodaway, Lawrence, and 
Audrain Counties. There was little change in Gasconade 
and Macon Counties. 

The trend in land values in general has continued 
upward, despite the decline in farm commodity prices. 
Many of the tracts purchased have been added to existing 
holdings to increase the size of farms . Land prices in
creased most in level areas of medium productivity such 
as in Audrain county, and least in rolling areas where 
much of the acreage is not tillable. 

Level land that is high in productivity sells at a 
lower price where relatively small acreages occur in asso
ciation with rolling land than in areas of uniform pro
ductivity, and topography. 

Land near small towns and cities sells at a higher 
price than land of equal productivity at a d~stance fr~m 
a trading center. The most important factor m det~rmm
ing the asking price when land is listed for sale 1s t~e 
price that recently has been received for other ~and m 
the community. Buyers usually do not make detalled ap
praisals of land before stating the price they are willing 
co give. Nor do they engage qualified appraisers to deter
mine the value. 

Since the benchmark that determines the asking 
price for agricultural land often represents a tra~sfer for 
some other use than for agricultural purposes, lt seems 
reasonable that farmers who buy land would profit ma
terially by making a careful analysis of its productivity 
and basing the purchase price on the findings .. The sc:rv
ices of a qualified appraiser would be helpful m making 
this analysis. 
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Project 44-L~nd Resource Investigations 

FRANK MILLER, TED JONI!S, DALE WILSON, 

RONALD BIRD, DORWIN WILLIAMS 

Objectives: 

A. To reveal methods of increasing the productivity and 

incomes of people in the Ozark area through increased efficiency 

in the use of fa rm, forest, mineral, recreational, and industrial 

resources. 
B. To determine how much profitably can be spent per 

acre for water control facilities, and soil treatments on the vari

ous types of soil throughout the state, and to develop satisfac

tory procedures for sharing cost and returns on rented land. 

C. To find methods of adjusting the land ownership, 

land renting, and land use patterns to technological changes 

so unprofitable operating units can be made to return satis

factory incomes for farm families. 

In the analysis that was completed toward the close 
of 1958, detailed information concerning the number of 
people in 269 farm households and 516 non-farm house
holds in the Eastern Ozark section were obtained by inter
viewing the heads of these families. This work provided 
information that has been used as a basis for studies of 
adjustments that can be made in the use of resources that 
will raise the level of farm income. Enterprise models 
have been prepared showing inputs and outputs of vari
ous farm enterprises and the net returns that can be ex
pected from one unit of each, such as one acre of com, 
wheat, hay, or pasture; one milk cow, one brood sow, 
and 100 chickens. These data are being used to calculate 
anticipated net incomes on farms of different size, with 
different combinations of enterprises. 

Another phase of the work has dealt with the 
amount of investment in farm machinery and the use 
that has been made of it. The emphasis has been upon 
the overhead cost of ownership of the equipment in rela
tionship to the units of annual use. 

1. A major reason for low income in the Ozark area 
has been overabundance of ·people in relation to other 
resources. 

2. Agriculture, the main industry, is characterized b,y 
many small, inadequate farms. 

3. Mining, also a maj.or industry has diminished in 
importance because of exhaustion of the ores. 

4 . . Forest resources which were of considerable im
portance in the past have been similarly depleted. 

5. Industrial expansion in the area is difficult. . In 
most instances, raw materials, capital, and ·some labor 
would need to be brought into the area in order to justify 
the establishment or ~xpansion of the industries than tan 
be developed tl;tere. 

6. Many of the farmers do not have the resources 
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that are needed to provide either full employment for a 
normal family labor force , or a satisfactory level of in
come. 

7. Many of these deficiencies can be corrected by re
organizing the farm businesses in the area. 

Project 11 0-Farm Enterprise Costs and Returns 

FRED E. JUSTUS 

Objectives: 

A. To obtain physical input-output relationships in the 

production of various farm enterprises under Missouri condi

tions. 
B. To determine the extent to which different factors, 

such as size of enterprise, level of technology, and fertility of 

land affect the input-output relationships of various enterprises. 
C. To determine the costs and returns of various enter

prises with the different factor situations briefly stated in B. 

This past year was devoted primarily to developing 
new farm enterprise studies. A study of the economics of 
cotton production in Missouri is now under way. A de
tailed enterprise record system was developed, and ar
rangements made to collect 100 detailed cotton records 
annually for at least a 3 year period beginning with the 
1959 crop. These detailed input-output records will be on 
farms of varying size and level of technological adoption. 

A study was also initiated to study the economics of 
swine production in Missouri. Detailed enterprise input
output records are being kept by approximately 40 rela
tively large swine producers in Northwest Missouri. Two 
objectives of the study are to : (a) determine the econo
mies of large scale swine production and (b) compare 
confinement vs. pasture production. 

As this past year was a developing period, no pub
lishable results are available at this time. The results of 
these studies will contribute considerably to the knowl
edge of the competitiveness of production of these com
modities in Missouri, and therefore provide guides in 
helping farmers make adjustments. 

Project 112-Farm Business Analysis 

FRED E. JUSTUS, JOHN .P. DOLL, EUGENE A. LEONARD, 

CHARLES H . BURLISON, ESTEL H. HUDSON 

Objectives: · · 
. . ~ . ' ' 

A . To keep currently informed on trends in size, organi

zation, and net incomes of the various types of farms in Mis

souri. 
B. To determine the relationships of various factors to the 

net inco?he and· efficiency of. the .different types of farms in the 
state. ·...... · · .•., .. .., . 



The 1957 farm business records were summarized, 
and the 1957 Farm Business Summary published. A total 
of 224 farm records were included in the summary. Two 
detailed analyses of farm business records were completed: 

(a) A study of factors influencing net income on 
Missouri dairy farms in 1955 and 1956. 

(b) The effects of land use, size of business, and 
degree of intensification upon the 1956 net income of 
Missouri record keeping farmers. 

In addition a study was conducted in four North
west Missouri counties to measure the relationship of 
various resources, personal attitudes, and methodological 
factors to the degree of achievement in Balanced Farming 
on individual farms. This study was primarily a pilot ven
ture and the analysis is not yet compiete. 

The 1957 Missouri Farm Business Summary is a valua
ble extension tool as it provides farmers an opportunity 
to compare their farm business records with other farms 
of similar type and size. The more comprehensive analyses 
provided greater knowledge of the importance of various 
factors in determining the net income and efficiency on 
Missouri farms. 

These analyses pointed out the importance of an 
adequate size of business, an intensive land use program, 
and fitting the machinery investment to the size of busi
ness. 

The results of the analysis of the dairy farms, indi
cated quite clearly that increasing the size c:>f business by 
adding more cows, however, did not necessarily increase 
net income. Another significant finding was that the usu
ally accepted positive relationship between milk produc
tion per cow and net farm income was not evident in this 
study. These results emphasize that many things affect the 
net income on dairy farms and that managerial ability is 
the most critical factor in determining the success of to
day's dairy farms. 

Project l1 5-Effects of Public Policies Upon 
Producers, Marketing Agencies, and Consumers 

GORDON B. NANCE, JERRY G. WEST 

Objectives: 

A . To compile Missouri and U. S. data on farm pro
duction, prices, and government payments. 

B. To measure the effects of government programs on 
production and prices of products contributing to Missouri 
farm income. · 

Tabulation of -data to be used in a forthcoming bul~ 
letin has been completed and the bulletin is being pro
cessed. This bulletin ·wil'l be a revision of an earlier pub
lication · on the contribution of major farm products to 
Missouri farm income. · 

Information on government payments received by 
Missouri farmers is being used to indicate the effects of 
the major farm programs on farm income. 

Data on the contribution of major farm products to 
Missouri farm income were examined for trends which 
reveal developments in production and prices received 
as they affect Missouri's position in interregional competi
tion. 

The contributions of specific agricultural commodi
ties to Missouri farm income have increased. Included 
among these are hogs and soybeans. On the other hand, 
the contribution of cattle, poultry, and dairy products 
to Missouri farm income has declined slightly. 

The data compiled in this study and the trends pre
sented will be helpful to farmers, teachers, research, and 
extension workers as they will provide current informa
tion on changes taking place in Missouri agriculture. 

Project 1 79-Grain Storage 

]. w. McKINSEY; D. N. HARRINGTON 

This project was a survey of grain marketing and 
storage facilities in Missouri and has been closed. 

The widespread us~ of the combine, the picker
sheller, trucks, improved roads, and improved communi
cations, all contributed to the concentration of grain har
vested in short periods during the year. Facilities for 
handllng grain at most local elevators appear to be over 
taxed during this short harvest and marketing period. 

The 546 country elevators in Missouri in 1954 han
dled 97,402 ,000 bushels of corn, grain sorghums, soy
beans, wheat, barley, and oats, representing a total value 
of 180 million dollars. 

The 73,847,000 bushels of these grains that were 
sold by farmers through country elevators could have 
been received and handled in 15-10 hours work days if 
the flow of grain had been continuous and evenly dis
tributed to all facilities. The average total capacity of the 
country elevators was 30,478 bushels, and the average 
storage space available was 21,157 bushels. 

Country elevators received substantial amounts of 
grain from grain handlers to sell back to farmers, this 
business totaling 23,555,000 bushels in the year of the 
study. Approximately 80 percent of these feed grains 
moving from other grain handlers to the local markets 
was transported to these markets by truck. 

Approximately 3 7.88 percent of the total grain han
dled by country elevators was resold locally as feed or 
seed. The remaining 62.12 percent (60,504,000 bushels) 
was shipped to outside sources such as terminal or other 
elevators, processors, and for Commodity Credit Corpora
tion. The 60,504,000 bushels of grain shipped in 1954 
could have been loaded out by the country elevators in 
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approximately thirteen 10-hour work days. Rail was the 
chief mode of transportation used by country elevators 
to ship grain to outside sources. 

The country elevators in the state in 1954 had an 
estimated total available storage space of 11,552,000 bush
els, which was approximately equal to 15 percent of the 
total amount of grain received direct from producers. 
The utilization of Missouri country elevators' available 
storage space for a 12-month period was 52 .09 percent. 
However, the storage of grain during peak inventory 
deviated from a high of 7,871,000 bushels of wheat to a 
low of 311,000 bushels for grain sorghum. The country 
elevators do not store appreciable amounts of grain for 
terminal elevators or processors. Many of the country 
elevators do not have enough storage facilities to store 
the different types of grain received from the producers 
for any length of time. Therefore, much of the grain re
ceived during the peak marketing period by the country 
elevator is shipped directly to the terminal market or 
processors as soon as a truck load or a railcar accumulates. 
Many elevators do not have enough storage space and 
bins to blend grain so they depend upon the terminal 
elevators to perform this service. 

Project 199-Managing the . Reserve Supply in 
Fluid Milk Markets 

FLOYD LASLEY, STEPHEN F. WHITTED 

Objectives: 

A. Appraise the adequacy of existing facilities and in
stitutions for handling reserves, and develop suggestions for 
more efficient arrangements. 

B. Determine transportation cost of moving ·milk through 
existing facilities to the market and suggest methods of mini
mizing cost, with emphasis on bulk tank collection. 

Milk production in St. Louis milkshed increased 
since 1899 but the increase was greater in Mo. portion. 
(Mo. 150 percent increase, Ill. 23 percent.) Increases were 
concentrated in areas less suited to grain production. In
creased milk sales outside St. Louis have changed the 
competitive situation and brought about need for re
evaluation of the Federal Order. St. Louis handlers now 
sell milk in competition with those in the Ozarks, Kansas 
City, and Neosho Valley markets as well as with those 
who operate under Illinois grade A inspection. 

Bulk handling is also bringing about change. In 
Jan. 195 7, 28 months after installation of the first farm 
tank on the St. Louis market, 50 percent of producer milk 
was received from bulk shippers. By Sept. 1958, 53 per
cent of St. Louis producers had tanks and were supplying 
64 percent of producer deliveries. Sixty percent of rea
sons given for conversion to bulk were related to reten-
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cion of grade A outlet; 35 percent to reduced hauling 
charges and bulk premiums. Producers converted to bulk 
by March 1958 on the St. Louis market invested 
$7,207,780 in their tanks and related improvements in 
milking facilities. They increased production more than 
those who did not convert but did not improve their 
seasonal pattern of production much. Installation of bulk 
handling does not tie a man to dairying. One hundred 
forty bulk producers left the St. Louis market between 
June 1956 and June 1958. Forty-six changed markets but 
the other quit grade A, 49 left dairying completely. 
Eleven percent of those interviewed considered them
selves marginal as to staying in dairying. Analysis of 16 
markets relative to handling surplus grade A is under 
way. 

Changes in the St. Louis market have brought about 
a need for reevaluation of Federal regulation in the area. 
Information contributed by this study will help handlers, 
and market personnel to do this and base their recom
mendations on facts. New techniques in milk assembly 
and handling are changing marketing methods. Market 
personnel need to be aware of these changes and their 
implications. Improved methods of managing the re
serve milk supply can improve market efficiency and 
benefit all concerned. 

Project 215-Frozen Meat Distribution 

E. R . KIEHL, v. ]. RHODES, R . c. MAXON, 

H. D. NAUMANN, E. BIRMINGHAM, M. E. BAILEY 

Objectives: 

A. To determine the technical feasibility of frozen meat 
distribution. 

B. To determine efficient layout, product flow in both the 
central plant and in the retail store. 

C. To compare costs of retailing meats in the frozen form 
with those of fresh meats. 

D. To determine the economic feasibility of merchandising 
retail meat cuts in the frozen form, both through regular re
tail channels and through bulk sales to consumers. 

E. To determine consumer acceptance and preference for 
ihe frozen product. 

Most of the research this year has been concerned 
with improving the meat product that goes into the 
frozen meat package. 

1. The consumer acceptability of high temperature 
aged beef was explored in a 65 family, St. Louis County 
panel. Results were mildly encouraging. 

2. Boneless beef cuts (7 Basic Cuts) from 30 Good 
grade carcasses were evaluated by over 200 families in 
Mexico and Jefferson City. Each family ate and evaluated 
one or more "cut-groups." For example, the oven roasts 



group included cuts from the Clod, Chuck Roll (Blade 
End), Heel of Round and Knuckle. The family con
sumed these oven roasts singly in their normal pattern 
of consumption. Cooking methods were specified in gen
eral. Since the families had no clue as to the musc.le 
origin of any cut, an objective comparison can be readily 
made of the acceptability of certain muscles for any 
given cut-oven roasts, for example. 

3. A sample of 150 Jefferson City households was 
surveyed concerning knowledge of frozen meats, knowl
edge of conventional beef cuts, etc. For example, house
wives were shown pictures of 12 beef cuts in the Meat 
Manual, published as an educational booklet by the Na
tional Livestock and Meat Board. These women attempt
ed to match the cut pictures with a list of the names of 
these cuts. Percentage of successful identification ranged 
from 20 to 80. Cuts identified correctly by 40 percent or 
less were club, porterhouse, top round, pinbone sirloin, 
sirloin, and bottom round steaks and rolled rump, English 
cut (chuck), heel or round, arm chuck, standing rump, 
boneless church roasts. 

The reorientation of cutting methods to produce 7 
to 10 cuts adapted to cooking methods could result in: 

1. simplified inventory problems for processor, re
tailer and consumer; 

2. reduced probability of improper cooking with its 
resulting effect on consumer demand; 

3. "upgrading" of the cuts now obtained from cer
tain muscles. 

Project 216-Consumer Pork 

E. R. KIEHL, V. ]. RHODES, L. D. BENDER, 

S. E. ZoBRISKY, H. D. NAUMANN, MARGARET MANGEL, 

LORRAINE McNAMARA 

Objectives: 

A. To determine by sampling what proportion ofthat 
consumer population detects a noticeable difference in eating 
satisfaction between two or more grades of pork for several im
portant cuts. 

B. To determine the grade preferred by those consumers 
expressing a preference. 

C. To determine insofar as possible the economic sig
nificance of those preferences. 

D. To determine whether or not those consumers with 
definite preferences are able to identify by visual inspection the 
grade they preferred. 

E. To determine by sales tests the merchandising po
tentialities of the various grades in terms of the grade or grades 
to be sold and the prices charged in one or more retail stores. 

F. To determine the effect of various processing techniques 
of pork cuts in relation to consumer acceptability and prefer
ences. 

Last year's pilot study of "pig-meat" was followed 
up by a consumer panel of 240 families (90 in Mexico 
and 150 in Jefferson City). These families each received 
one-fourth of a light-weight and one-fourth of a regular 
weight carcass. Twenty light-weight (80 to 107 pound 
carcasses), 40 medium-weight (115 to 135 pounds), and 
60 regular weight (145-171 pound) hogs were processed 
at the meats laboratory and supplied as frozen consumer 
cuts to cooperators. Postcard schedules were included in 
each bacon, roast and slice cut. Shears and other identify
ing measurements were made on each carcass. Analysis is 
under way. 

Does consumer acceptance differ between firm-mar
bled, firm-lean, and soft-lean loins? Two adults in each 
of 108 Jefferson City households have given us their 
answers via detailed acceptance schedules. They ate 24 
loins of each of 3 types listed above in single stimulus 
fashion. They ate 48 loins of each of 3 types in paired 
comparisons. Analysis is under way. A laboratory panel 
also evaluated chops from each loin and shear measure
ments were made. 

Slaughter of hogs at lighter weights would sub
stantially increase the production of lean in proportion 
to fat and might possibly increase the consumer accepta
bility of pork. The problem of improving the consumer 
acceptability of pork is complex and probably involves 
several factors besides the ratio of fat to lean. 

Project 228-Consumer Preference for Egg Quality 

LEONARD A. Voss, LLOYD D. BENDER, 

QUENTIN D. BANKS 

Objectives: 

A. To determine by sampling what proportion of the 
consumer population detects a noticeable difference between two 
or more grades of eggs. 

B. To determine the grade preferred by those consumers 
expressing a preference. 

C. To determine whether or not those consumers with 
definite preferences are able to identify by visual inspection the 
grade preferred. 

The analysis of the St. Louis survey of 378 house
wives on interior quality preference for eggs was com
pleted. Consumers viewed broken-out coded A, B, and C 
grade eggs to evaluate interior quality. The important 
criteria they used were (1) albumen, (2) albumen and 
yolk, (3) yolk, (4) presence of chalaza, and (5) no com
ment on any of these items. The relative evaluations and 
rankings of the three grades was greatly influenced by the 
criteria consumers used. 

Only albumen is included in the present grade 
standards. The measurement of yolk height and the ob-
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servation of chalaza would necessitate break-out sampling. 
The ratings suggest that wider grade boundaries for the 
A and B grades would be acceptable to consumers. 

An analysis of the data on egg shell preference in 
Marshall and Windsor was completed. Consumers were 
asked to rate and make a first choice selection for shell 
color and from eggs of A, B, and C grades for shell clean
liness, shell shape, and shell texture. Consumers objected 
to any stain. Abnormal shell texture was discriminated 
against. There was little preference difference for normal 
and round eggs, but oblong eggs were objectionable. 
White was the preferred color, but the preference in
terval between white, brown, and cream colors was small. 

The field work on a study to determine the tolerance 
of 200 families in St. Louis for variability of specific 
criteria, albumen quality, and yolk color, within cartons 
of eggs was completed. 

Future work includes studies to aid in consumer 
orientation of egg grade standards, for establishing bound
aries for criteria consumers use not now included, and 
determining acceptability of variability in cartons of eggs. 

The findings suggest a re-evaluation of egg grades, 
grade standards, and grade boundaries for consumer 
orientation. Consumers are now using criteria in deter
mining preferences which are not included in the present 
grade standards. Other criteria standards do not reflect 
consumer evaluation. 

The consumer orientation of egg grade standards to 
attain greater consumer satisfaction could be an aid in 
the problem of decline in per capita egg consumption 
now facing the poultry industry. 

Project 254-Cooperative Marketing 

]. N. SMITH, MAHANDRA GUPTA 

Objectives: 

The major objectives of this study include an analysis of 
extent of use of cooperatives in marketing farm products, types 
of services performed and the nature of financing of local 
farmers cooperatives. 

The work of this year concentrated on a study of 
the financial structure and sales pattern of a sample of 
thirty-three local cooperatives. Data were obtained by 
detail analysis of the audit reports, substantiating reports 
and personal interview on specific questions. Analysis 
was made of the following years: 1937, 1947, and odd 
numbered years through 1957. The manuscript is pres
ently being prepared and some comparisons are now 
available. 

In picturing the financial structure of the sample 
associations it was determined that the total assets in 
1957 ranged from $23,740 to $343,028. When an aver-
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age of the net worth values was made, it showed that 
an investment of $84,353 was held by the farmer mem
bers of each local association in 1957 as compared to an 
average of $11,686 in 1937. This is an increase of 6 times 
in total dollars for the 20 year period. In 195 7 the aver
age net worth of these 33 local associations was com
posed of 7 percent capital stock and stock credits, 64 per
cent equity allocations, and 29 percent in reserves and 
surplus. 

During the 1937-57 period the average sales volume 
per association increased 3 lh times from $126,697 to 

$560,749. The corresponding average net savings per as
sociation from these sales increased 207 percent. 

There appears to be little relationship between the 
changes in value of assets held by the local cooperatives 
from 1947 to 1957 as compared to the changes in total 
sales. The average increase in total assets was 118 percent 
from 1947 to 1957 while only a 30 percent increase was 
made in total sales. 

This study is a part of a series designed to discover 
strengths and weaknesses of farmer-owned cooperatives. 
Agricultural Cooperatives have adjusted partially to 
changes in agricultural production and marketing prac
tices. However, considerable adjustment is required on 
the part of these organizations to meet the increased de
mand for services and efficiency in the performance of 
these services. The results of this study will give the 
management a measure of comparison of their local co
operatives to other similarily organized cooperatives in 
the matter of adapting to changing demands for their 
services. 

Project 256-Dairy Adjustments 

B. H. FRAME, OTIS MILLER 

Objectives: 

Among the objectives were the determination of the com
parative profitability of Grade A, Grade C and non-dairy 
farms. In addition, an analysis of the profitability of various 
types of management practices was undertaken. 

Records were taken from a sample of farms in 
Grundy and Christian counties. Analysis was made of 
various factors associated with level of returns from the 
dairy enterprise. In Grundy county it was found that 
there was a very significant difference in the return to 
labor between farms having Grade A and those selling 
cream and non-dairy farms. In Christian County there 
was a difference between Grade A farms and non-dairy 
farms as well as between Grade A and Grade C farms. 
Differences between the two counties are largely due to 
relative importance of the dairy enterprise in the individ
ual farm business. 



A number of partial correlations were calculated to 
determine the influence of various factors on labor re
turns. Total investment, milk production per cow, net 
herd increase per cow, feed bought per cow and percent 
of cash income from the dairy enterprise, was related to 
labor returns. It was found that there was a positive cor
relation b~tween milk production per cow and labor 
earnings. On the other hand, there was a negative cor
relation between feed purchased per cow and labor earn
ings as well as percent of cash income from the dairy 
enterprise and labor earnings. The full report of the study 
is being prepared for publication. 

The data from this study have uncovered a number 
of relationships that are involved in the relative profit
tableness of the dairy enterprise. Under the conditions 
at the time the data were obtained, those farms having 
Grade A market outlets (other things being equal) were 
likely to show larger labor returns. However, a number 
of complicating and negative factors require further study. 

Project 262-Marketing Missouri Vegetables 

J. C. GRADY 

Objectives: 

A. To determine the characteristics of the vegetable in
dustry in Missouri in the following areas. 

1. What products are produced and the location of this 
production. 

2. The volume of each commodity produced by areas. 
3. When the product is produced and marketed and what 

other states produce and market this commodity at the 
same time. 

4. Market outlets available and the method and condi
tions under which the product is sold. 

5. Prices received from various market outlets as to the 
various alternative uses. 

B. To determine the methods of marketing and institu
tional factors that have a bearing on the marketing of fruits 
and vegetables in the state. 

There has been a drastic change in the production 
of some vegetable commodities in Missouri. Tomatoes 
for processing has shown the most change in the past 
two decades. Three areas of the state continue vegetable 
production on a commercial scale. The St. Louis area is 
the major area with Kansas City and the Southeast being 
the other major areas. The Southeastern area likely will 
be the area of future expansion. 

Missouri producers can compete favorably during 
some seasons of the year because of climatic factors . Some 
of the vegetable crops are ready for harvest after the 
states to the South have completed harvest and before 
states to the North start their harvest season. This is the 

determining factor for a profitable or unprofitable year in 
many instances. 

The producers of Missouri are in a favorable posi
tion from the standpoint of market outlets. Some of the 
best market facilities in the United States are located in 
St. Louis and Kansas City. Other market facilities are 
also within trucking distances in other nearby states. 

Missouri producers are consolidating their resources 
to be able to compete on a more favorable basis with its 
major crops. Some of the crops grown in the past will be 
discontinued and others with a more favorable future will 
take the place of these crops. The major crops to be 
grown in the future likely will be sweet corn, tomatoes, 
lettuce, and minor green crops. Watermelons likely will 
continue to be a major crop because of climatic reasons. 

This study was designed to point out past and pres
ent conditions and expected future trends. A bulletin will 
be published on this study during the next year, and pro
ducers will be able to compare their enterprises with 
those in the various areas of the state. A better alloca
tion of resources can then be made in the various en
terprises where adjustments have not been made. 

Project 279-How Young Families Get Established 
in Farming 

FRANK MILLER, LARRY DINGUS 

Objeaives: 

A. To determine types of farm businesses, amounts of 
investments, and procedures that have been used in establishing 
successful farm businesses in selected areas of Missouri. 

B. To trace the development of successful operating units 
for the purpose of determining types of training and extent of 
family or other financial assistance operators have had. 

C. To develop procedures for enlarging inadequate farm 
businesses, and for financing young families who want to get 
established in farming. 

Previous investigations under this project have shown 
that very few young men become established in farming 
without substantial aid from their families. The trend 
has been toward low equity transfer of farm land. The 
question naturally arises as to how these transfers are 
made under Missouri law. In an effort to find the answer, 
120 records of land transfers were examined in three 
counties to determine whether or not installment notes, 
secured by deeds of trust were being used instead of in
stallment contracts of the type that are used in other 
states. 

In the opinions of leading property lawyers, land 
installment contracts without a deed of trust as a security 
device usually should not be used. The following dis
advantages are noted : 
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A. Missouri law does not give a well defined answer to 
the question of what effect a forfeiture on a land install
ment contract has on the merchantability of title to the 
property. 

B. It may not be possible to keep the contract out of 
court even with a forfeiture provision included. A law 
suit is a costly experience that most people seek to avoid. 
This fact results in many opressive situations when the 
bargaining power of the contracting parties is unequal. 

C. Under Missouri law, few results can be achieved 
through the use of an installment contract that cannot 
be achieved with less risk and uncertainty by using the con
ventional deed of trust. 

D . By using .a land installment contract, the parties to 
the transaction may put a cloud on the title that can
not be removed without using other conveyances such as 
a quit claim deed or by a court action. 

Project 288-Effect of Fires on Cotton Ginning 
Costs 

]. W. McKINSEY, D . N. HARRINGTON 

Objectives: 

The objectives of this study were to measure the economic 
significance of.fires in cotton gins in Missouri and to evaluate 
the e.ffectiveness of certain fire prevention devices and practices 
on the frequency and extent of fires in cotton gins. 

Losses from fires in cotton gins constitute a signifi
cant portion of the total cost of ginning cotton. In two 
ginning seasons the 55 gins cooperating in the study re
ported 260 fires. The operators of these gins reported 
losses by type of loss, totaling as follows: 

A. Losses from machinery 
B. Losses from buildings 
C. Losses in cotton burned 
D. Cost of labor in ginning time lost 

$1,590.00 
$5,358.00 

$16,600.00 
$2,382.00 

This represents a total loss of $25,930 from these 
fires. In addition $1,313.00 of fire extinguishing materials 
were used. 

To protect themselves from these losses these same 
cotton gins paid slightly more than $200,000.00 in insur
ance premiums. 

Data for the third year has not been completely com
bined with the two just reported, but it will raise the 
average loss in each category. · ' 

Cotton gins within the sample suffering losses re
ceived payments from the insurance companies totaling 
$26,080.00. These same gins in turn paid farmers $6,000.00 
for cotton still owned by the farmers. 
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Project 289-Livestock Markets 

DURWARD BREWER 

Objectives: 

A. To determine the importance of marketing channels 
used by farmers and the alternatives available to them in mar
keting slaughter and feeder livestock and to obtain the motivat
ing factors and attitudes of farmers which influence their 
choice of markets or marketing agencies. 

B. To evaluate the practices followed and services per
formed for farmers by the different markets-including grad
ing, pricing, weighing, methods of sale, etc. 

C. To determine the price di.lferentials among selected 
livestock markets for various classes, weights, and grades of 
livestock and the importance of the buying forces operating 
within selected marketing areas within the state. 

An enumeration of existing livestock markets and 
marketing agencies of all types in Missouri was under
taken and completed. The state was divided into market
ing areas, these being determined by the similarity of 
existing marker structure. A statistical sample of three 
specific types of livestock marketing agencies in each 
determining area was drawn and management personnel 
was individually interviewed; these specific markets were 
livestock auctions, local market and dealers or traders of 
various types. Information was obtained from each se
lected market on practices followed and services performed 
for the farmer, including pricing practices, methods of 
sale, grading, sorting and weighing as well as volume 
and direction of movement of all livestock handled. Pre
liminary analysis in most of the homogenous marketing 
areas in the state have been completed. Further collection 
of price and volume data is contemplated for the future 
on markets in the St. Louis and St. Joseph areas. The 
major emphasis in the future will be in making a more 
detailed and final analysis of the data collected to date. 

Project 299-Economic Analysis of Grain 
Marketing 

]. W. MCKINSEY, D. N. HARRINGTON, JOHN GRACE 

Objectives: 

To study the Pricing and Trading practices of local grain 
buyers to determine their impact on efficiency of grain market
ing in the state. 

Highlights of study, what has been accomplished to 
date and what is contemplated in the future: Country 
elevators irt Missouri represent an investment of over 
$25,000,000 and a present capital value of considerably 
more' 'Two-'rhirds of the country elevators in Missouri 
were built prior to 1930. The primary considerations in 
locating an elevator at that time were that it be on a 



railroad track and that they be close enough to each 
other so that every farmer could deliver a load of grain 
by team and wagon and return home in the same day. 

Some of the economic forces bearing upon country 
elevators will lead to a reduced number of firms with 
larger trade territories. Motor trucks and improved roads 
make possible trade territories extending 50 miles in. each 
direction. Harvesting ever increasing yields of gram by 
combine and transporting it by truck places a heavier 
load on the country elevator during harvest and shortens 
the harvest season. The need for drying equipment and 
for more precise grading procedure results from the new 
method of harvest. 

All of this contributes to more intense competition 
among country elevators. Considerable reorganiza~ion .is 
taking place, much of which will lead to a reductlon m 
the number of elevators. Farmers' needs in grain market
ing will best be served if sufficient information .is made 
available that country elevator management wlll make 
wise decisions regarding size and location of the country 
elevators that remain to serve as primary markets for the 
100 million bushels of grain marketed annually in 
Missouri. 

Traditionally, the movement of grain from country 
elevators to terminal markets was , prior to 1950, almost 
entirely by railroad. In recent years, however, dynamic 
changes have taken place which have brought a~out .an 
increase in the importance of the motor truck m ship
ment of grain from Missouri country elevators to feeder: , 
processors, and merchandisers at both interior and termi
nal points. In 1957-~8 the Missouri Co.untry elevators 
shipped by truck 27 percent of the gram ~old as co~
pared to 24 percent in 1956-57. The portiOn of gr~m 
shipped from Missouri country elevators by truck vanes 
by types of grain. In 1957-58, 50 percent of the corn 
move~ by truck while only 21 percent of the beans and 
13 percent of the wheat was shipped that way. However 
grain receipts via motor truck in the terminal markets. of 
St. Louis have shown greater increases percentage w1se. 
Approximately 55 percent of the soybeans, 31 percent of 
the corn and 30 percent of the wheat receipts in St. Louis 
were via truck. This is probably due in part to the fact 
that the transit privilege is not as important because a 
large portion of the grain is shipped by barge from St. 
Louis. 

The use of water transportation has increased. Local 
elevators located on navigable streams with barge load
ing facilities have been able to quote for 2 to 7 cent 
higher prices than its nearest competitors. The barge 
freight rate is their greatest advantage over the shippers 
via truck and _railroad. 

Our studies have now moved into a phase wherein 
we seek to determine principal factors which influence 
farmers in their decisions as to where and when they 

sell their grain. Such information is expected to aid ele
vator management in providing the kind of service that 
best serves the needs of farmers in the marketing of their 
grain. 

Project 315-Fiavor Preferences Affecting Con
sumer Choices of Poultry Meat 

LEONARD A. Voss, LLOYD D. BENDER 

Objectives: 

A . To test consumer acceptance and preference for exist
ing poultry meat products. 

This is a cooperative project with the Home Eco
nomics and Poultry Husbandry Departments. The De
partment of Agricultural Economics has been specifically 
responsible for taste panel technique and analysis of re
sults. 

Rapidly changing technology in the production, p:o
cessing, and marketing of poultry meat has brought m
to focus the need for quick, reliable standardized methods 
of determining if technology changes result in changes 
in flavor and tenderness of poultry meat and its probable 
effect on consumer acceptance. 

Lack of comparable methods of cooking of samples 
and t.he use of light and / or dark meat for taste panel 
experiments was the basis for basic research work to de
termine the kind of broiler meat and method of prepara
tion for the most sensitive flavor test preception. 

It was determined through screening tests that mono
sodium glutanate could be used to produce a controlled 
flavor change in poultry meat. Breast and thigh meat was 
prepared by oven broiling and deep fat frying for taste 
panel evaluation by triangle difference tests. 

Panel results for all oven broiled meat were sig
nificantly better than for deep fat fried dark meat. The 
panel was able to detect the small flavor difference most 
readily in oven broiled dark meat. The results from the 
experiment would justify repetition of a similar experi
ment to give additional validity to the studies. 

Improved technology changes production, process
ing, and marketing procedures which could affect flavor . 
Knowledge of the kind of meat and method of prepara
tion for the most sensitive flavor difference preception by 
a taste panel will reduce time and cost of flavor test 
evaluation on broiler meat. 

Project 316-Economic Aspects of Egg Breaking 
and Drying in Missouri 

LEONARD A. Voss 

Objectives: 

A. To determine the importance of egg processing plants 
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as buyers of eggs from farmers, and their effect on farm prices. 
B. To determine the methods and cost of procuring, pro

cess[ng, and merchandising eggs by commercial plants. 
C. To determine the significance of physical characteris

tics of eggs on the procurement policies of firms. 

Missouri is the leading state in volume of eggs 
broken for processing into frozen and dried eggs, pro
ducing over 20 percent of the national liquid egg produc
tion. There are 27 egg breaking plants in the state. A 
comprehensive survey of the egg breaking industry is 
being made. This is a regional project with Kansas as 
the leader. Assistance from Missouri has been given in 
consultation, arranging survey contacts, and other as
sistance where needed. 

The knowledge of the industry is limited. The last 
comprehensive survey of the industry was published in 
the late 1930's. 

A knowledge of the industry will aid in evaluating 
trends in production, markets, egg quality, and seasonal 
variation in egg prices. Processors depend on Missouri 
egg production for much breaking stock. 

The decline in the number of farm flocks has re
sulted in declining egg production. Egg breakers have 
extended their procurement areas greater distances to 
Nebraska, Iowa, and the Dakotas. A study is now in 
progress to develop an alternative procurement method 
by the use of continuous procurement from controlled 
flocks to replace the highly seasonal spring procurement. 
The impact of such procurement on breaking operations 
is being evaluated in the study. Missouri breaking plants 
can continue to supply a market for Missouri eggs if the 
industry adopts a pattern of specification buying to se
cure needed volume of eggs with desirable quality to 
meet the demand for higher quality egg products. 

Project 328-Fioricultural Standards and Grades 

J. C. GRADY 

Objectives: 

A. To develop and recommend a set of uniform market 
standards and grades for cut Chrysanthemums. 

B. To test the commercial acceptability of these standards 
and grades. 

In order to get the necessary information to be able 
to recommend a tentative grade standard for pompons 
and standard Chrysanthemums, several measurements 
were designed to evaluate the current situation and the 
factors deemed most desirable by florists. Several thou
sand Chrysanthemums were measured in St. Louis and 
Kansas City, Missouri. These measurements were taken 
at the wholesale markets and at the grower level. The 
measurements taken consisted of length of stem, dia-
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meter of stem, size of flowers, number of flowers. Other 
factors given consideration were color, maturity, and 
foliage conditions. From the above data, a proposed set 
of grades have been derived for Chrysanthemums. The 
proposed grades have been discussed with members of 
the florist industry and a testing program will start in 
October of 1959. 

The absence of grades for cut flowers has hindered 
the marketing of flowers . Most of the purchases of 
flowers by retail florists have been by inspection. This 
method of purchase is very time consuming and inef
ficient. When official grades are made available, the 
shippers and buyers can sell and buy by description which 
will facilitate the distribution of products to better meet 
trade needs. Producers in Missouri will have the op
portunity of making out-of-state shipments more than is 
being utilized at the present time. 

The mass sales approach through retail outlets will 
be possible for the first time. When mass retail outlets 
have the opportunity of buying in carlots by descrip
tion, rather than inspection, they will be more inter
ested in the sale of flowers through mass retail outlets. 
This method of merchandising will provide an additional 
market outlet for cut flowers and also make them more 
readily available to consumers. 

Project 334-Product Climatology 

E. R. KIEHL, V. J. RHODES, R. C. MAXON, 

H. D. NAUMANN, J. L. McBEE, JR., MARGARET MANGEL, 

ISABELLE DELANEY, MAHLA IVEY 

Objectives: 

A. To develop the required information for predicting 
the storage of distribution life of meat and meat products as 
influenced by: 

(1) initial composition and nature 
(2) initial and subsequent microbial innoculation 
(3) processing treatments 
(4) other environmental influences encountered in the 

distribution and handling of these products. 
B. To develop objective and subjective methods leading to 

predictive standards for the storage and distribution life of these 
proucts. 

C. To determine the influence of the foregoing variables 
(A - 1 - 2 - 3 - 4) as to their acceptability. 

A coordinated attack on this problem has been made 
in the laboratory, in households, and in the channels of 
frozen meat distribution. The Department of Agricul
tural Economics has surveyed the handling of frozen 
meats in wholesale and retail channels. It has also as
sisted the Department of Home Economics in preparing 
schedules, selecting a sample of households, and in anal-



yzing the household data. 
Temperature readings and observations were made 

over a one month period on the movement of frozen 
meat products in the Kansas City area. By use of an 
electrical resistance thermometer and thermocouples at
tached to the frozen product, it was determined that pro
duct carton temperatures experience a rise of up to 6° 
during normal delivery periods with ambient air tempera
tures ranging from 65° to 85°. Internal temperature rises 
were found to be highest on days with relatively high 
humidity. 

Product movement is slow on most frozen meat 
items .. Because of the cost of shipping frozen products, 
most ltems available for sale in the Kansas City area are 
brought in by carload or trailerload lots representing 
from 30 to 60 days' supply for the packer branches and 
major sales offices. Chain warehouses and other distri
butors can draw on these supplies almost daily if neces
sary but convenience and discount arrangements set 
operating stocks of frozen meats from one to two weeks 
supply. Retail stores keep about a week's supply of the 
faster moving frozen meat items on hand. The slower 
selling frozen meat products may be held from 30 to 60 
days or longer, depending upon the minimum order 
quantity. This is particularly true of some chain stores 
which are required to keep minimum displays of various 
frozen meat products. 

Samples of frozen meat products were purchased 
from representative chain and independent retail stores. 
These samples were cooked and evaluated by a consumer 
panel. Of the items which could be identified from the 
package code date, ~ were less than three months old 
from the date of processing. The majority of the frozen 
ground or sliced frozen meat items were from 4 to 10 
months from date of processing. 

All of the frozen ground and sliced meats tested in 
duplicate over a period of a week received less than de
sirable ratings by the consumer panel. The breaded meat 
items, on the whole received moderately satisfactory rat
ings although some individual items ranked quite low. 

Poorer handling of frozen food seems to occur as 
they come closer to the ultimate consumer. 

The volume of frozen meats is not growing and is 
presently insufficient to justify much attention by re
tailers and processors. 

The eating quality of many frozen meat items on 
the market is possibly rather low. 

Projeet 339-Poultry Price . Polic:y 

JERRY G. WEsT, LEONARD A. Voss, GoRDON B. NANCE 

Objectives: 

The purpose of this project is to determine the impact of 

government purchases of poultry products upon producers 
market agencies, and comumers. This involves an examinatio~ 
of past and current programs to determine the net price and 
mcome effects on producers. The results of the analysis of past 
P:ograms are .to be used in estimating the consequences of pos
srble alternatrve programs for supporting prices and incomes. 

The analysis thus far has involved an examination 
of the effects of purchase programs on price, subsequent 
p.roduction, seasonal price movements, egg drying opera
tlons, and cemmercial storage activities. 

A review of government programs indicated pur
chases of eggs and turkeys as the only programs directly 
affecting the poultry industry. More than 75 percent of 
government expenditures for poultry products since 1940 
has been for eggs and practically all of these were in 
dried form. 

A comparison of government purchases with funds 
authorized for purchases of poultry products indicates 
that f~nds have not limited the size of purchase pro
grams m the past. However, the present legislation would 
limit purchases of eggs to approximately five percent of 
production. 

The study of seasonal price patterns indicates govern
ment purchase programs tended to reduce seasonal 
fluctuations in price. Purchases were concentrated in 
months of highest production. 

The tentative conclusions which may be reached at 
this stage of the study indicate an analysis of past pur
chase programs should provide information useful to in
dividuals interested in the formulation of agricultural 
policy. Poultry purchase programs have tended to in
crease prices and incomes slightly, have reduced seasonal 
price fluctuations, and have had considerable impact on 
the egg breaking industry during periods of large pur
chases. 

Project 350-lmproving Meat Acceptability 

E. R. KIEHL, v. ]. RHODES, H. D. NAUMANN, 

E. BIRMINGHAM, M. E. BAILEY, MARGARET MANGEL, 

LETA MAHARG, CLETA RODGERS 

Objectives: 

A. To improve the eating qualities of meat and to dis
cover the potential of cooking methods, processing methods, 
breeding, and feeding in such improvement. 

B. To improve the acceptability of meat as it is affected 
by buyer attitudes and motivatiom. 

C. To improve the merchandising characteristics of meat 
which affect handler and buyer utility. 

D. To improve the predictability of acceptance (both eat
ing and non-eating) of various cuts from animals of specified 
characteristics. 
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E. To explore the economic implications of improved meat 
acceptability for the producer, merchandiser, and consumer. 

An exploration of consumer knowledge of and ac
ceptance of enzyme tenderization has begun in Columbia. 
A panel of 30 families tested grill steaks (cut 6- Way 
beef style) from top rounds, and another panel of like 
size tested minute steaks from bottom rounds. Ten 
Utility and ten Choice grade rounds were used. One-half 
the steaks tasted by each family were treated with a com
mercial tenderizer. Detailed consumer evaluations were 
obtained over an eight-week period. 

Detailed preparations have been made to commence 
a large scale study of the consumer acceptability of two 
beef grades slaughtered at various seasons of the year. 
A panel of 200 families in St. Lo1:1is County is being re
cruited. The consumer evaluation of loins from 120 cat
tle slaughtered in February is scheduled to commence in 
March. Various physical tests of the beef loins. will be 
correlated with consumer acceptance. 

The acceptability of grill steaks from Utility rounds 
was materially improved by tenderization while the ac
ceptability of those from Choice rounds was slightly im
proved. 

The acceptability of minute steaks from Choice and 
Utility rounds was materially reduced by the addition of 
enzyme tenderizer of the strength used. 

Project 359-The Use of Fiber Tests in Marketing 
Cotton 

]. W . McKINSEY, D. N. HARRINGTON 

Objectives: 

The objective of this study was to determine the extent 
to which mechanical tests of cotton fiber quality were being 
used at any point in the marketing channel for cotton. 

For many years the method of determining the quali
ty of cotton fibers has been personal inspection and a 
subjective measure of grade, staple, and character of cot
ton. Recent development in technology, both in the pro
duction and processing of cotton fiber, has given em
phasis to the development of some mechanical and ob
jective measures of properties of cotton usually referred to 
as character. This study was a part of a larger study which 
included interviews with management officials of 187 cot
ton mill firms operating 497 cotton spinning plants, 
which was approximately 82 percent of the plants in 
operation in 1957-58. 

The four fiber properties which received considerable 
attention by the cotton industry in this regard are fine
ness, strength, length uniformity and maturity. Me
chanical devices have been developed for the objective 
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measurement of all of these characters. Other tests which 
have been made mechanical are tests for Non-Lint con
tent, color, elongation, and nep count. 

Approximately 65 percent of these cotton mill 
firms owned fiber testing instruments for fineness of 
cotton, most of them were Micronaires. 28 percent of 
them owned instruments for measuring length uniformity. 

There was a direct relationship between the size of 
the firm and the ownership of these instruments, hence 
the volume of cotton handled by the firms owning and 
using such instruments was proportionately larger than 
these figures would indicate. 

Eighty-five percent of the firms used fineness and 
strength tests in purchasing their cotton even though 
some of the firms using the tests did not own the in
struments. This, of course, means that these tests were 
performed by the seller or by commercial laboratory for 
the buying firm. 

The amount of discounting of disputed claims on 
cotton shipments because cotton did not meet proper 
specifications was negligible. Many large firms use a wide 
variety of quality of cotton but use the test to accomp
lish effective blending of certain qualities and separation 
of other qualities for different end-product uses. These 
tests also were used to determine the areas of cotton 
production from which supplies would be purchased and 
the areas which would be avoided. 

Project 330-Milk Supply Response in the Kansas 
City Area 

J. N. SMITH, STEPHEN F. WHITTED, FLOYD LASLEY 

Objectives: 

A. Discover factors which influence amount of milk sup
plied to Kansas City Market. 

B. Picture overall milk supply response trends in Kansas 
City Market. 

C. Establish prospective trends in milk production in 
Kansas City Market. 

During the sample year, 402 producers left the 
Kansas City market, and 247 new producers entered. 
One-fourth of those who left the market still have herds; 
15 percent still produce grade A milk. Thirty-five percent 
of the past producers withdrew from dairying because 
it did not furnish an acceptable income. The new pro
ducers, who supplied 6 percent of milk and made up 8 
percent of producers, said they were in dairying because 
they liked the work, it furnished steady· income, it yield
ed a better income than other farm enterprises, and their 
farms were adapted to it. A majority of producers indi
cated that milk prices had no influence on quantity of 
concentrates fed. Eighty-two percent replied that price of 



grain and roughage had no effect on their herd size. 
Eighty-nine percent said the price of beef cattle and hogs 
had no influence and 64 percent indicated that the price 
of dairy. cattle had none. Most dairymen think their al
ternatives lie in larger herds and more productive cows 
rather than in other farm enterprises or other jobs. They 
put little faith in hiring more labor as a means of im
proving their position but look to improved technology 
instead. Their level of output is relatively impervious to 
minor price changes. The main core of producers will 
continue to produce year after year, tending to expand 
output, unless returns from dairying become seriously 
mal-aligned with returns from other enterprises or other 
jobs. Most of any adjustment will come from entries or 
exits of producers rather than from adjustment of out
put by existing producers. 

The information contributed by this study will help 
farmers and market personnel understand the factors 
which influence volume of milk production in their milk
shed. They can then make more logical plans for future 
production goals. This study will also serve as a guide 
for establishing future policy of governmental and pri
vate organizations and aid in educational programs. 

Project 360-Changes in the Dairy Industry and 
Marketing Practices in S. W. Missouri 

STEPHEN F. WHITTED 

Objectives: 

Ascertain the extent and direction of the development of 
the dairy industry in Southwest Missouri and analyze the 
effect which this has had upon the marketing system for dairy 
products in that area. From this base, projectiom will be made 
as to desirable changes which should be made in the future. 

Southwest Missouri comprises 23 percent of the 
land area of the state, has 25 percent of the farms, and 
39 percent of the milk cows; receives 48 percent of the 
dairy income but only 14 percent of the total farm in
come. All Missouri condenseries, 40 percent of the cheese 
plants, 50 percent of the drying plants and 25 percent of 
the creameries are located in this area. These plants are 
new, modern and large. They are 5 times as large as the 
average in Wisconsin. But there is a problem of utiliza
tion. Figured on an 8 hour day, ~ of them use less than 
% of their capacity on an annual basis. During a good 
part of the year, on the same basis, they are used at less 
than 50 percent of capacity and even during the flush 
season at less than 90 percent. This excess capacity is ex
pensive to maintain and is paid for by the entire com
munity, not just the processing companies. 

This is a dairy exporting area and so is dependent 

upon outside markets for sales. This makes it vulnerable 
to inter-regional competition and pricing so that raising 
the farm price of milk cannot be viewed as a cure-all 
sol uti on to the problem of declining production and 
under-utilized plant capacity. However, the factors that 
made this an important dairy area are still relevant. It 
has large areas of rolling pasture and, all-weather roads, 
a good labor force, and small farms. Dairying is the most 
efficient user of these resources. Beef cow herds use the 
pasture well but under-utilize the labor and require large 
farms to provide acceptable levels of family living. Poul
try utilizes the labor efficiently but does little with the 
pasture. 

The dairy industry of Southwest Missouri is chang
ing drastically. Since this is an exporting area, production 
at all levels must be kept competitive with ocher regions. 
Farm leaders, processors, and educational personnel need 
information of this type as a basis for their action pro
grams. Already a meeting of people from all levels of the 
industry in Southwest Missouri has been held and a 
course of action based on this study initiated. Frequent 
requests are received for information relative to location 
of plants within the state. 

Proj~ct 362-Costs-Livestock Marketing 

CHARLES L. CRAMER 

Objectives: 

A. To inquire into the nature and composition of costs 
incurred by various types of market agencies in marketing 
Missouri livestock. 

B. To inquire into the level of operational efficiency that 
exists in the operation of various types of livestock marketing 
agencies in Missouri. 

C. To suggest methods and means of improving livestock 
markets in Missouri. 

The major emphasis during the past year has been 
to determine the nature of labor costs incurred by a stock
yards company by function performed according to vol
ume of operation. Work during the year has included the 
collection and partial analysis of the monthly labor cost 
accounting comparisons of the stockyards company for 
the past ten year period. 

Field work during the past year has resulted in the 
preparation of a detailed work classification by function 
of all operating labor of a stockyards company. During 
two sample periods of one week each, labor utilization 
by function has been obtained. Tentative analysis of the 
labor utilization data reveals costs per head for each func
tion performed by stockyards company labor. From the 
tentative analysis it appears that costs may be reduced 
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appreciably by modifying certain operating procedures. 
While the results to date from the project are only 

tentative it is believed that the final results will give ro 
livestock market operators important information for 
more efficient use of labor. Livestock producers will profit 
indirectly from increases in efficiency of livestock market
ing firms. 

Project 363-Economics of Water Resource 
Utilization 

MASON GAFFNEY 

Objectives: 

Major objectives include a systematic analysis of present 
institutional controls over water use, comparing them with an 
economical and feasible system developed to include transfera
bility; equimarginal distribution based on current demands 
and techniques; minimization and optimal distribution of risks 
inherent in variable stream flows; integration of ground and 
surface waters in one common market; application of princi
ples developed to specific analyses of watershed programs, legis
lation, allocation of water among competing uses, and other 
water problems. 

Major accomplishments include: developing and ap
plying methods of analyzing variability of flows in order 
to estimate potential reductions of variability through 
conjunctive development; developing and applying a 
workable method to determine the stage of returns reached 
by storage capacity on variable streams; developing and 
applying methods to determine the marginal productivity 
of water, both points and schedules, working out a sys
tem of pricing to optimize the use of water and develop
mental works through time, and determining how best 
to approximate it within prevailing institutional co!l
straints; progressing towards solutions to the unive.rsal 
problems of making commensurable alternative outputs, 
including intangible recreational and esthetic values of 
lands and waters, and developing methods to define and 
evaluate complementary and conflicting relationships 
among outputs, both on and among sites, both in and 
among firms, both technological and pecuniary. 

Future plans give top priority to final organization 
and exposition of materials now developed, including 
incidental terminal statistical adjustments; application of 
conclusions to recommen3ations for action in humid 
areas; proceeding with projected study of multiple-pur
pose land and water development in the Ozarks, with 
emphasis on maximization of joint net benefits thorugh 
analysis of complex interdependencies facilitated by 
modern analytical techniques and mechanical computers; 
and clearing ground for study of interstate and State-
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Federal relations on the Missouri and Mississippi River 
systems. 

Tentative conclusions to date include the following: 

1. The aggregate variability of water supply in a sys
tem is most significantly measured by the variance/ mean, 
and is minimized by a simple fractional division among 
water-users. Prevailing systems raise variability high above 
this attainable minimum. 

2. Diversions by holders of the strongest water 
rights tend to vary inversely with stream flows; diversions 
by holders of the weakest rights are even more variable 
than the flows of wasted flood waters, a gross desecono
my. 

3. There is a large costly excess capacity in aque
ducts due to (1), above, plus the premium placed by 
water law on premature inflated claims; failure to ration
alize independent agencies into integrated networks; and 
uneconomical scattering of water-users, which once im
posed is perpetuated by rigidities in water law. 

4. This excess diversion capacity, and commensurate
ly inflated water rights expressed in constant rates of 
flow, immobilize much water that is not actually used, 
forestalling further development of the most economical 
supplies. This creates artificial local scarcities which in 
turn lead to costly developments of remote supplies such 
as the Feather River Project, which is premature and ne
cessited only by underdevelopment of more southerly 
supplies. 

5. In some areas water shortage is the limiting fac
tor on economic development. These areas lie inter
mingled with others which could spare large water in
puts without reducing output much or at all. Several 
areas could increase output by using less water. But con
trolling institutions are not adequate to permit exchanges 
to effect an economical equipmarginal allocation. 

6. Pump irrigators are widely scattered among unir
rigated lands. This increases the cost of recharging under
ground water reservoirs and creates a large area receiving 
potential but unused benefits from recharge, thereby com
plicating the problems of organization, taxation, forecast
ing demands, etc. , and forces development to proceed, if 
at all, by large increments with all the problem that im
plies. 

7. The marginal productivity of storage works on 
different streams is very unequal, betraying an uneconom
ical unb;~.lance of c;levelopment. 

· 8. The correlation among variable stream flows is 
the greater, the more equal their mean flows, so that 
mutual cancellation of flow variations is more to be 
achieved through integration of adjacent streams of dif
ferent sizes than of remote streams of comparable sizes. 



Project 367-Rural Housing Credit 

FRANK MILLER, WILTON C. BENNETT 

Objectives: 

A. To examine and evaluate the institutionalframework 
of present sources of credit for construction and! or improvement 
of rural homes. ! 

B. To determine the extent of use of existing credit facili
ties by rural families, and to measure their adequacy in terms 
of needs of rural people and their financial ability to meet the 
cost of fulfilling these needs. 

C. To determine the extent to which credit is not availa
ble to rural people who need funds for home construction or 
improvement and are financially able to carry the loan. 

D. To reveal obstacles in the policies and practices of 
existing housing credit agencies that keep them from meeting 
the needs of rural people and to outline procedures that may 
be used to remove these obstacles. 

The Missouri contribution to the study was directed 
toward determining credit needs and housing conditions 
in a typically .corn belt section of the state. In order to 
accomplish this task, officials of commercial banks, life 
insurance companies, National Farm Loan Associations, 
Production Credit Associations, and Farmers Home Ad
ministrations, were interviewed to determine the policies 
and lending practices of these institutions. A question
naire was used in interviewing rural people concerning 

their ho.using needs and means of meeting these needs. 
A total bf 164 rural families were interviewed. 

The institutions that supply credit for building or 
improving rural homes seem ·to be serving the people of 
Northwest Missouri adequately. 

The farm population of this area is decreasing. Be
cause of this fact, the least desirable houses in the open 
country have been abandoned, some were vacant at the 
time the interviews were made. 

Farm people tend to be reluctant to borrow money 
for non-productive purposes. They evidently would rather 
use credit to buy cattle or to carry on ordinary farm op
erations and apply savings or earnings to repairs on their 
homes. It should be pointed out, however, chat money 
borrowed for production purposes usually is placed on 
checking account where it becomes homogeneous with 
funds that have been earned. It is possible that more 
homes are repaired or improved with borrowed funds 
than the respondents realized or wish to admit. 

In general houses in Northwest Missouri are ade
quate for the needs of the families who live in them. 

All of the lending agencies reported that very few 
applications for credit to repair or improve homes were 
turned down. 

Most of the families with incomes large enough to 
pay living expenses and service the loan already have 
modernized their homes, or plan to do so in the near 
future. 

Agricultural Engineering 
M. M. Jones, Chairman 

Project 136-Animal Shelter Engineering 

R. E. STEWART,]. c. WOOLEY, B. F. CARGILL, 

R. G. YECK, M.D. SHANKLIN 

Objeaives: 

To study the effects of environmental factors on animal 

comfort, growth and produaion, and to develop design criteria 
for animal shelters. 

One principal discovery coming from controlled lab
oratory tests conducted in uur Climatic Laboratory, or 
Animal Shelter Engineering Laboratory, is that the milk 
production of dairy cows declines severely when tempera-

tures reach about 80°F or above. Therefore, we began 
studies looking toward low-cost methods of alleviating 
these high heat stress conditions of summer. These studies 
range from the intensely practical co the theoretical and 
basic. 

By means of controlled experiments, we have found 
that high-temperature stress can be moderated by a meth
od c;~.lled "radiation cooling". Animals give off part of 
their excess body heat by means of infrared radiation. By 
placing a cold object, such as a refrigerated plate, near an 
animal, considerable heat is radiated, relieving the stress 
and increasing the comfort of the animal. Having un
covered this basic aspect of radiation cooling under lab
oratory conditions, we now are planning field studies of 
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the process, using large groups of animals. Radiation 
cooling eliminates the need for closed, insulated stables, 
and also much of the costly equipment for moving and 
dehumidifying air which is needed with conventional 
air conditioning. 

Radiation cooling systems, although offering much 
promise, are difficult to design. Certain important design 
information is missing, such as the amount of heat an 
animal loses by radiation under different conditions. This 
is a complex problem, involving not only temperatures 
and air movement, but also the geometry of the animal 
and the environment. To acquire such information we 
must go back to controlled conditions in the laboratory. 

To aid in such studies a special calorimeter has been 
designed to study how heat flows from an animal to the 
surrounding environment. A unique feature of this instru
ment is that it can automatically and continuously sepa
rate and record the radiation component from other forms 
of heat dissipation, such as convection and evaporation. 
Preliminary studies with small animals in a pilot model 
calorimeter of this type, indicate that this method is 
sound. In addition to filling an intensely practical need 
for design data, the calorimeter can also be used for fun
damental studies of problems in temperature regulation 
and nutrition. 

Controlled laboratory studies can thus produce in
formation which can be used to construct what may be 
called a "comfort map" for farm animals. Such a map 
will likely someday be used as the principal tool of engi
neers in designing controlled climates for cattle and other 
farm animals, where the benefits of air conditioning can 
be realized without the use of elaborate expensive struc
tures and equipment. 

Project 155-Farm Home Utilities 

T. 0. HODGES, M.M. JONES, R. B . CURRY 

Objectives: 

To study the factors which influence the quality of pond 
water and to develop and improve methods of collecting, filter
ing, and treating farm pond water for household use. 

In order to study the factors which affect the quality 
of pond water, samples of water were collected monthly 
from 47 farm ponds located in four areas in central and 
north Missouri from August 1956 through May 1959. 
These ponds ranged in size from 0.15 acre to 45 acres, 
and from 3 to 20 years in age. Thirty-two had grassed 
watersheds and 15 cultivated watersheds. The samples 
were analyzed for turbidity, conductivity, pH, chlorides, 
sulfates, total hardness and alkalinity. 

From August 1956 to March 1957, pond water levels 
and turbidities were quite low, with conductivity and 
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hardness being relatively high. Spring rains in 1957 in
creased turbidities markedly, and decreased conductivity 
and total hardness somewhat. From June 1957 to May 
1958, fluctuations of all three factors were less. For both 
years, lowest turbidity occurred in January and the high
est in April or May. 

There was less fluctuation in turbidity in water col
lected from grassed watersheds, and in general, water 
from large ponds had lower turbidity than water from 
small ponds. Also, in general, hard water (above 50 part 
per million of hardness) was less turbid than the softer 
water. Also, samples with high conductivity were less 
turbid than samples of low conductivity. Sulfates, alka
linity, chlorides and pH values were all well within de
sirable limits for all ponds tested. (More detailed results 
are reported in Research Bulletin 675 on Quality Factors 
of Pond Water.) 

A sand filtering and treating system has been de
signed and developed in cooperation with the Missouri 
State Division of Health. A few of these systems have 
been installed and tested over the past two years. Conclu
sions from these tests are: 

1) A properly constructed and maintained sand filter 
will provide clear water (usually less than 5 turbidity 
units) when the turbidity of the pond water is not more 
than 30 units. 

2) Only an uncertain fraction of bacteria in raw 
pond water is removed by sand filters. 

3) Proper chlorination (about 0.4 parts per million 
residual) should be maintained in the storage reservoir to 
insure safe water from a bacteriological standpoint. 

4) Frequency of cleaning the filter should not be ex
cessive if the unit is of proper size and the pond water 
is kept below about 30 turbidity units. 

5) Good maintenance and care of the system is nec
essary to insure a high quality water. 

6) A system of this type should satisfactorily supply 
the needs of rural families in areas where good well 
water is not available at reasonable cost. 

(More detailed results are reported in Research Bulletin 
682 on Field Tests of a Pond Water Treating System.) 

Project 227 -Storage and Use of Surface Runoff 
for Irrigation 

R. P. BEASLEY, R. B. CURRY, J. F. ·THORNTON 

Objeaives: 

A. To determine the amount of runoff into and evapora
tion and seepage from farm reservoirs. 

B. To develop methods of reducing evaporation and seepage 
losses from farm reservoirs. 

Runoff into and seepage from farm reservoirs. In 



1958 the total runoff into the 16-acre reservoir at Mc
Credie was 4.78 inches from the 154-acre watershed. The 
seepage and evaporation from the reservoir was 45.4 
inches. The total runoff into the 5lh-acre reservoir at 
Midway during 1958 was 7.19 inches from the 80-acre 
water shed. The maximum rate of flow was 0.88 inches 
per hour. The seepage and evaporation from the reservoir 
was 42.05 inches. 

Runoff from the 154-acre watershed at McCredie 
has been measured since 1941. The maximum runoff was 
25.44 inches in 1942. The minimum was 0.21 inches in 
1954. In 1943, 1945, 1946, 1947, and 1949 the runoff 
varied from 10 to 17 inches. In 1944, 1948, 1950, 1951 
and 1952, the runoff varied from 5 to 10 inches. In 1953, 
1955, 1956, 1957 and 1958 the runoff was less than 5 
inches. The average runoff for the 17-year period was 8 
inches. 

This information on runoff will be of value in de
termining the proper size watershed for stock water ponds 
and for irrigation reservoirs. 

Methods of reducing evaporation and seepage losses 
from farm reservoirs. Studies are in progress to determine 
some of the basic relationships which control seepage of 
water from reservoirs and the sealing effect of colloidal 
suspensions on reservoirs. During the year the construc
tion and testing of the laboratory equipment needed for 
the study was completed. 

The results of this study, when completed, will pro
vide needed information for developing seepage control 
in water supply reservoirs and canals. This reduction of 
seepage will in effect increase the water available for 
useful purposes. 

Project 225-Grain Drying 

D. B. BROOKER 

Objectives: 

To develop a method of determining the effectiveness of 
various types and cjesigns of ducts for drying grain in bins; 
and to develop methods for analyzing weather data to deter
mine the drying capacity of unheated air when passed through 
farm crops. 

When false floors of perforated metal .are placed in 
the bottom of a grain bin the air travels in a relatively 
straight line from the bottom of the bin to top of the 
grain. When the duct system is used in the bin the air 
must spread from the duct to other portions of the bin 
and it is important to know how much air will reach 
certain places in the bin. Also, it is important to know 
how much grain a given amount of air will pass through 
in traveling from the duct to the grain surface. The larger 
the amount of grain, the longer it take~ for all the grain 
to dry. 

The factors that control the air flow can be expressed 
as a mathematical equation. The equation cannot be 
solved by direct methods and indirect methods require 
thousands of calculations. Fortunately, the new electronic 
calculators can be used to perform these calculations. 

The information found by these calculations makes 
it possible to analyze the effectiveness of various types 
and designs of ducts without having to test them in 
farm size grain bins. 

Weather data are available in many forms, but none 
of them have a direct application in determining how 
much moisture can be evaporated when the air is passed 
through farm crops in storage. The method of analysis 
developed in this study makes it possible to predict the 
probability of having suitable weather for drying crops 
at particular dates. The volume of data that must be pro
cessed to carry out the study is very large. Here again, 
the electronic computer is used to an advantage. 

An example of drying ear corn, which may be con
sidered typical, is reported below. In the fall of 1958 ap
proximately 670 bushels of ear corn were dried by forc
ing unheated air through the crib. A ventilation rate of 
five cubic feet of air per bushel was used, and the mois
ture was reduced from 25.0 percent to 17.0 percent in 
25 days of drying time. The electrical energy, figured at 
3 cents per KWH cost 3.8 cents per bushel. 

Project 138-Forage Harvesting, Handling, Storage 
and Feeding 

D. B . BROOKER, C. L. DAY, J. S. McKIBBEN, 

M. M. JONES, T. 0 . HODGES 

Objectives: 

To study various methods of harvesting, handling, stor
age, and feeding hay and silage with a view to developing im
proved systems that will insure high quality forage with mini
mum labor and at reasonable costs. 

For the past three years a method of handling chop
ped hay has been studied where the entire operation, 
from standing hay to feed manager, has been mechanized. 
The hay was chopped from the windrow directly into 
self-unloading wagons, transported to the hay curing and 
feeding shed, elevated by a flight elevator, and distri
buted evenly over drying ducts by an experimental mow 
distributor. The hay was then cured in place by forcing 
air through it, and finally self-fed to livestock. This meth
od, while not fully perfected, has worked satisfactorily 
and shows definite possibilities for producing high quali
ty hay with a minimum of labor and at reasonable cost. 
By partly curing the hay in the field and then finishing 
the curing in the feeding barn, it is exposed to weather 
hazards a minimum of time, and enables the production 
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of high quality forage. To insure satisfactory drying in the 
barn, it is necessary to distribute the chopped hay even
ly over the drying ducts . This the special mow distrib
utor does. There were some problems in getting the 
hay to feed down automatically into the mangers, but 
these problems are being solved. · 

A test silo on the Agricultural Engineering Research 
Farm at Midway has been used during the past four 
years to determine stresses on the walls of horizontal 
silos. A special test panel in one wall of the silo makes 
it possible to measure the pressure exerted against it. 

It has been found that the maximum pressure ex
erted against the walls by corn silage is about 120 pounds 
per square foot. The packing tractor imposes additional 
stresses, and these studies indicate that the silo walls 
should be designed to withstand a horizontal force due 
to the tra(tor, of 300 pounds at the silage surface. 

These tests provide data that enable engineers to de
sign above-ground bunker-type silos that are strong and 
that at the same time are economical in materials re
quired. 

This test silo has been used not only for determin
ing wall strength requirements, but also for test feeding 
of beef animals. Animals were quite satisfactorily self-fed 
from the silo, with a minimum of labor being required 
at intervals of a few days to move the self-feeding man
ger forward. 

Some studies have been made of a system using a 
baler that ties small bales and ejects them into a wagon 
drawn behind. The bales were hauled and elevated into 
a temporary snow-fence type of structure and covered 
with plastic covers. Some hand labor was required to 
arrange the bales. The cost of such a structure was not 
enough lower than that of low-cost permanent types of 
structures to recommend its use. The elevating of bales 
into a barn or roofed hay storage structure, and allow
ing them to arrange themselves "helter-skelter" appears 
better than using temporary snow-fence type of storage. 

Preliminary investigati-ons were begun on the stor
age of high moisture farm crops in plastic film containers. 
Fifty-pound bags of high-moisture grain and silage were 
stored under a variety of conditions, both inside and out
side of buildings. There was no spoilage except where 
rodents had punctured bags. These investigations are con
tinuing with larger size containers. 

Project 153-Equipment and Procedure for Control 
of Weeds and Brush 

C. L. DAY 

Objectives: 

A. Develop systems and equipment for the control of 
weeds in field crops. 
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D . Design, develop and test equipment for weed and 
brush control on agricultural lands, rights-ofway, and com
mercial areas. 

E. Develop more accurate and efficient methods of ap
p~ving chemical herbicides. 

Field trials were made to determine the effective
ness of twelve different treatments in controlling weeds 
in soybeans. The treatments included tillage methods 
chemical methods, and various combinations of the two: 
Eight of the treatments were designed to test the effec
tiveness of shields in protecting the soybean plants from 
damage from post-emergence sprays. Results were based 
on soybean yields and weed yields. Highest soybean 
yields and lowest weed yields were obtained on plots re
ceiving a pre-emergence treatment of 20 lb/ A PCP (Na) 
and two cultivations. This was also true for tests con
ducted in 1957. 

Plots sprayed post-emergence using shields yielded 
better than corresponding plots where shields were not 
used. It appears that the use of post-emergence spray 
treatments with properly designed shields may be pre
ferable to tillage methods of weed control during sea
sons when excessive rainfall makes tillage difficult. Con
trol of weeds by any method which does not result in 
plant damage will increase soybean yields. 

Three different weed control treatments were plan
ned for corn plots prepared by different tillage methods. 
Due to the extremely wet season it was impossible to 
apply weed control treatments according to plan and 
therefore no meaningful results were achieved. 

Four different chemicals at various rates were used 
to treat fence row plots in 1958. The effectiveness of 
these treatments as well as those applied the previous 
year was observed. Two chemicals applied dry appeared 
to give good control during a year in which the rainfall 
was above normal. Dry weather appears to retard the 
effect of these chemicals. Two chemicals applied as 
liquids gave good control during the year of application 
but residual effects appear to be poor. Chemical methods 
of weed control look promising for fence rows, rights-of
way and similar areas. 

Station Bulletin 715, outlining an accurate method of 
calibrating sprayers, was published as a result of tests 
previously conducted. 

Project 272-Corn Production in Intensive Rota
tions with Small Grain 

]. S. McKIBBEN, C. L. DAY, M . M . JONES 

Objectives: 

To .study, develop and improve different methods of quick
ly, efficttvely and economically preparing seedbeds and planting 



and growing corn immediately following the harvest of small 
grain. 

This experiment has been conducted using a small 
grain (generally wheat) and a rpw crop (generally com) 
in a continuous one-year intensive rotation. Various pos
sible combinations of harvesting each crop for silage and 
for grain have been used. The performance of the differ
ent methods has been measured and compared on the basis 
of net returns per acre. This experiment was started in 
1955 and carried through 1958. The first three years were 
quite dry for the corn following wheat, and the last year 
rather wet. 

Wheat performed well and made up a large part of 
the net return for the rotation. The planting of corn 
was of course delayed until the wheat could be harvested 
and the ground prepared (early June following wheat for 
silage, and the late June following wheat for grain). This 
gave a shortened growing season for corn, and there was 
usually a serious moisture deficiency on non-irrigated 
areas. 

The highest net return per acre over the four-year 
period was obtained where the wheat and corn were har
vested for silage, and irrigation was used on the corn. A 
close second was the rotation where the wheat was har
vested for grain and the corn for silage, with the corn 
being irrigated. Without irrigation, the combination of 
wheat for grain and corn for silage far outyielded other 
combinations. 

The most critical point in such an intensive program 
comes at the time of harvesting the small grain and the 
planting of the row crop. The time is short, and the soil 
may be too wet, or more often too dry. Even when plant
ring corn at the normal time earlier in the spring, weath
er and soil conditions also often serious! y reduce the 
time available for seedbed preparation and planting. This 
has led to efforts to develop fast, low-cost, effective meth
ods of preparing seedbeds and planting. A "strip till" 
method has been developed and used whereby the soil 
is tilled in strips about 22 inches wide and spaced 40 
inches apart center to center, and the rows planted in 
the centers of the tilled strips. This method indicates 
considerable promise not only for planting row crops 
following the harvest of small grain crops, but also in 
the earlier spring planting of corn on ground plowed the 
previous fall. 

The strip-till method is being tested and compared 
with other minimum tillage methods. These methods 
appear to have considerable value under Missouri con
ditions. 

Project 265-Distribution and Application of Ir
rigation Water 

J. F. THORNTON, R. B . CURRY, R. P. BEASLEY 

Objeaives: 

To determine the adaptability and efficiency of surface 
and sprinkler irrigation on Mississippi River bottom soil, and 
to develop design criteria for the improvement of furrow ir
rigation. 

This study is being conducted on a Sharon silt 
loam, a Mississippi River bottom soil, near Elsberry, 
Missouri. Corn and alfalfa are the crops used. The corn 
is irrigated by furrow and by sprinkler methods, and the 
alfalfa is irrigated by sprinkler and by border methods. 
No irrigation water was applied during the 1958 sea
son because the amount of rainfall was adequate, and 
the distribution satisfactory. 

In 1956 corn yields were increased from 120 to 140 
bushels per acre, a highly significant increase, by 1.66 
inches of water. In 1957 the yield of corn was increased 
only 3.5 bushels per acre, from 145 to 148.5 bushels per 
acre, by applying a total of 6 inches of water in three 
irrigations. The reason the increase was small and not 
significant is the amount of water in the soil at the be
ginning of the season was adequate, and the amount and 
distribution of rainfall during the season was quite good. 

The yield increases of corn due to irrigation, by either 
sprinkler or surface methods were not significantly dif
ferent over the three-year period of these studies. 

In 1956 irrigation of alfalfa increased yields by 0.54 
ton per acre, which approaches significance. Again, the 
difference between methods of irrigation was not sig
nificant. 

The available water holding capacity of the soil at 
the site of the tests is more than 9 inches in the top four 
feet. It was found that the irrigated corn used 90 per
cent of its moisture from the top two feet of soil, while 
the nonirrigated corn depleted most of the moisture in 
the top four feet by the end of the season. Corn yields 
were proportional to the available moisture up to 6 
inches per month during July and August. It appears that 
moisture in excess of this amount may cause some de
crease in yield. 

So far as yields are concerned there was no particular 
difference between surface and sprinkler irrigation. Where 
the land is graded and uniform enough in slope for sur
face irrigation, the labor required and the costs are much 
lower than for sprinkler irrigation. 

Studies of furrow shapes have been made in an at
tempt to determine the factors affecting the absorption 
rates from furrows and to increase these rates if possible. 
Comparisons have been made between a 20-inch flat-bot
tom furrow and conventional V-shaped furrows left by 
cultivation. Water advanced 800 feet down conventional 
furrows in four hours, and the same distance in 20-inch 
flat-bottom furrows in three hours. The absorption rates 
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in the flat-bottom furrows were about 80 percent of those 
for the conventional furrows. 

Studies of the factors governing the absorption of 
water from furrows is being continued in controlled lab
oratory experiments. 

Project 282-Utilization of Electricity in Missouri 
Agriculture 

K. L. McFATE, M. M . JONES 

Objectives: 

To study the costs and benefits of the use of electricity and 
to develop new or improved uses in productive farm enterprises. 

An investigation of several farrowing houses has 
shown that when .using electric heating cable in concrete 
floors to prevent chilling of new-born pigs that ( 1) a 
minimum density of 30 watts per square foot of warmed 
area is needed, (2) the area on both sides of the sow 
should be heated and (3) that floor temperatures of 90 
to 95 o F for the first day or two after birth is desirable. 
The first cost of cable, wiring and controls averaged 
about $25.00 per pen with an average operating cost of 
$1.62 per litter, based on metered data for 42 litters . 

A study of four types of chick brooders showed that 
either the cable-in-floor type of brooder with hover or a 
well-insulated commercial hover type brooder will operate 
as low as most, and lower than some, flame fired brooders. 
A density of 25 watts per square foot of floor area in an 
8 ft . x 10 ft. brooder adequately accommodated 1000 
chicks. The initial investment of both the electric and 
flame type brooding units, excluding piping or wiring, 
was the same, 10 cents per chick capacity. In fall .and 
winter, electri_c brooders operated at an average cost of 
0.6 cents per chick The addition of 3 Ys inches of wood 
shaving insulation placed on top of the hover and lo
cated 14 inches above heated floors, decreased operating 
costs by 35 percent. 

A case study of a farrowing house in Buchanan 
County pointed up the importance of forced ventilation 
and insulation for winter time operation. A two-fan 
system, with the large fan thermostatically controlled, 
maintained an indoor temperature of 50° F or above 
when outdoor temperatures were zero or below. No heat 
was required except that produced by animals and that 
embedded in floors for pigs. The total cost of maintain
ing an even temperature and a dry condition within the 
14-sow farrowing house for a four month period (Nov
Mar) was $5.50, based on electricity at two cents per 
KWH. Maximum air flow was 100 cubic feet per minute 
per sow and litter. 

In milk cooling equipment studies, eleven direct 
expansion bulk tanks averaging 500 gallons in capacity, 
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cooled an average of 101 lbs. of milk per KWH of elec
tricity used. Ten ice-bank bulk tanks, averaging 350 gal
lons, cooled an average of 45 .2 lbs. of milk per KWH 
of electricity. Average temperatures maintained were 
36.4°F and 37.7 °F for direct expansion and ice-bank 
tanks, respectively. 

The cost of maintaining a 44°F temperature for a 77 
day winter period (Nov. 28, 1958-Feb. 13, 1959) in a 20 
X 20 ft. concrete block milkhouse in central Missouri 
was $24.98. This three-month heating period was con
siderably colder than normal-216 degree-days above the 
normal of 3172. Two portable electric heaters were used 
to maintain desired temperatures. They were rated at 1650 
watts and 4800 watts and were equipped with thermostats 
for automatic control and•low cost operation. 

Some individual investigations will be completed 
next year. Others, particularly those related to materials 
handling on the farm, will be initiated. 

Project 2-lrrigation in Corn Production 

R. P. BEASLEY' R. B. CURRy 

Objectives: 

To determine the effect of irrigation on corn production 
and to determine best practices and procedures for irrigation of 
corn, particularly when grown following small grain in twq
crop one-year rotation. 

Due to variation in rainfall during the five years dur
ing which this project was run, the amount of irrigation 
water applied varied from 2.0 to 13.7 inches per season. 
In every case corn planted after wheat harvest, even in 
cases where the wheat was harvested early as silage, there 
was an increase in yield due to irrigation. Irrigation of 
corn planted immediately following the harvest of small 
grain is usually more important than irrigation of single 
crop grown on the land in a season. The small grain uses 
considerable soil moisture, often leaving an inadequate 
supply for the crop which follows immediately. 

In an effort to determine the amount of available 
soil moisture at intervals during the season, and therefore 
be better able to know when to irrigate, gypsum electri
cal resistance blocks and also tensiometers were used. 
These were found to be ineffective, in indicating the 
amount of soil moisture. A fair degree of correlation was 
found, however, between the soil moisture as accurately 
determined by oven-drying of samples and the moisture 
as calculated from Penman's formula-a formula based 
on climatic data. It is contemplated that in the near fu
tlJ.re estimates of soil moisture based on Penman's 
formula or a similar formula will be available to farmers 
of the State, probably at weekly intervals. Such informa
tion should be quite valuable in deciding whether to 



irrigate or when to irrigate. 
This project is being revised to include studies of 

moisture used by crops under irrigation, and a basic lab
oratory investigation of the absorption of water by the 
soil when water is applied in furrows. This study will 
include measurements of the daily use of moisture by the 
crops from various zones or depths in the soil profile. 
The study will also include the effect of furrow shape on 
the absorption of water by the soil. This information is 
expected to give improved design data for furrows for 
irrigating crops grown on bottom land, and also to serve 
for design and development of furrow irrigation on ter
raced land. Sprinkler irrigation of corn has proven to be 
costly and extremely laborious. Furrow irrigatio,n, where 
it can be used, can be effective and much cheaper. 

Project 271-Water Management in Cotton 
Production 

c. F. CROMWELL, R. P. BEASLEY 

Objectives: 

A. To study problems relating to obtaining a suitable 
water supply for irrigation. 

B. To study the different methods and improve the tech
nique for applying irrigation water to cotton. 

C. To study the different methods and improve the tech
nique for drainage in the cotton growing area. 

Water Supply: There is a readily available and easily 
accessible supply of irrigation water in the underground 
alluvial deposits of the Southeast Missouri cotton-pro
ducing area. Well-drilling methods that would be con
sidered crude in other areas, such as sand bucket and sand 
pump-bucket, havt given acceptable results as far as 
quantity of water is concerned. These low-cost methods 
frequently result in sand pumpage from the wells, how
ever. To date this has seemed less important than keep
ing the total investment low, since hours of use of irri
gation systems have been low the past two years. 

Irrigation: Irrigation was used to germinate stands of 
cotton on Research Center plots and on several farms 
in Southeast Missouri during the 1957 and the 1958 sea
sons. Both sprinkler and furrow systems have been used. 
On Malden sand a single light (one-inch) application 
has been sufficient to germinate the cotton. On Bragg 
City gumbo, two sprinkler applications of about one and 
one-half inches each were necessary in 1958 to germinate 
a stand due to dry southwest winds during the period. 
An initial appli~ation suffiCient to melt clods was ade
quate in 1959. However, one plot had to be replanted 
when a rain a few days after irrigation kept the ground 
wet and cold and caused the seed to rot. Applying water 
by gated pipe to furrows, and als.o to small basins, re-

suited in good stands. Water was drained off as soon as 
possible after the seed was covered, and seed rotting was 
minimized. These plots were irrigated several days be
fore the sprinkler-irrigated plot which had to be replanted 
due to seed rot. It is believed that the furrow and basin
irrigated plots would have suffered more damage than 
the sprinkler-irrigated plots had there been an equal time 
interval between irrigation and rain. 

Drainage: Where field outlets are adequate, land 
grading has proven beneficial both for irrigation and for 
drainage. Near Bragg City, graded plots were ready for 
seed bed preparation at least ten days ahead of ungraded, 
uneven plots in the spring of 1958 and also in 1959. This 
time saving is repeated to a lesser extent for each cultiva
tion, spraying, and also at harvest time. In addition, these 
graded fields were furrow-irrigated with a substantial sav
ing in labor over sprinkler methods. In general, uniform 
slopes of 1 !6 to 3 !6 tenths of a foot per 100 feet have 
been satisfactory for both irrigation and drainage. 

Project 43-Soil and Water Conservation 
Management 

R. P. BEASLEY, c. F. CROMWELL, E. '[ SMERDON, 

J. F. THORNTON 

Objectives: 

A . To improve terrace design. 
B. To determine the. effect of terraces on crop yields. 
C. To investigate new designs of water management 

structures. 
D. To investigate the use of land forming for improved 

drainage and increased efficiency in applying irrigation water. 

1. A method of laying-out and building improved 
terraces has been developed. By varying channel grades 
and depth of cut, as described in Bulletin 699, terraces 
with much less curvature than usual and in many cases, 
terraces that are actually parallel, have actually been built. 
In six fields in different parts of the state these improved 
terraces have resulted in a reduction in point-row area 
ranging from 39 to 100 percent. The terraces were also 
much less crooked and much easier to farm. The cost of 
construction ranged from 6.2 to 8.7 cents per lineal foot 
of terrace. In at least one case the improved and straight
ened terraces resulted in a reduced total length of terraces 
so that the cost of construction by the improved method 
was actually less than it would have been by conven
tional methods. 

A srudy of terrace spacing and grades has been con
ducted· for the past few years at the Agricultural Engi
neering Farm at Midway. During the 1958 season a rain 
at the rate of 4 inches per hour and lasting 8 minutes 
occurred when the corn was about one foot high. There 
was little evidence of erosion between terraces spaced 11A 
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times the usual recommended spacing. Excessive erosion 
occurred, however, in terraces spaced 1 ~ times the rec
ommended spacing. There was no evidence of erosion in 
terrace channels with grades of 0.4 percent and a depth of 
flow of 6 inches. With grades of 1.0 p_ercent, erosi?n was 
excessive. Tests are being run in a hydraulic flume which 
will give additional information on allowable grades. 

The maximum depth of flow in terrace channels at 
the Midway Farm was caused l:iy a 1.85-inch rain on 
July 5, 1958. The maximum depth was 11 inches in a 
1900-foot terrace spaced at 1 Y.! times the recommended 
spacing. 

2. In the study, effect of terraces on crop yield, 
similar areas are farmed on the contour. One ar~ is ter
raced and the other 1s not. Yields of corn on the terraced 
area have been a little higher in receqt years than on 
the ~·nterraced areas, except in years of deficient moisture 
during the growing season, as in 1956 when the terraced 

area produced 48 bushels per acre against 22 on the un
terraced land. The higher yield on the terraced field was 
due primarily to a greater amount of rain saved by the 
terraces. , 

3. A canopy inlet tube structure has been developed to 
lower the water collected from a terrace system into a 
stabilized water w~y. Laboratory tests and field trials 
have shown that this type of structure compares favorably 
in capacity with the morning-glory type and the vertical 
riser type of inlet structures which have been widely used 
in the past. The new canopy inlet type is much cheaper 
and easier to install. 

4. Grading fields to a slight slqpe has proven 
quite advantageous in drainage and irrigation for 
cotton production in Southeast Missouri. Studies were 
started in the fall of 1958 on the Thompson Farm in 
Northwest Missouri to determine the effect of grading 
on improved drainage, farmability, and crop yie~ds . 

Animal Husbandry 
Albert J. Dyer, Chairman 

Project 3-Breeding Principles for Swine Improve
ment 

J. F. LASLEY, B. N. DAY, 1. F. TRIBBLE 

Objectives: 

A. To study the effectiveness of mass selection for thinner 
backfat in swine. 

B. To gain further information on the possible existence 
of genetic correlations between various important economic 
traits in swine. 

C. To determine if environmental x genetic interactions 
on performance traits in swine are important. 

D. To determine if certain physiological changes occur 
in swine when selection is practiced for thinness of backfat. 

This project was revised last year and the breeding 
program has been initiated. The inbred Poland line from 
the old swine breeding project have been mated with 
four outbred Poland boars which were secured from lead
ing purebred breeders in the corn belt. Analysis of data 
from the completed project on swine breeding has con
tmued and a summary of some of these data are pres
ented. 

The effects of inbreeding and linecrossing on the 
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performance of pigs were studied by comparing the per
formance of litters from inbred sows when they pro
duced both inbred and linecross pigs. The conclusions 
from this study were: 

1. Inbred pigs were much less vigorous than non
inbred (linecross) pigs at all periods during their life. 
Death losses were greater for the inbred pigs than the 
non-inbred. 

2. Linecross pigs were no heavier at birth than in
bred pigs but were heavier at weaning and 154 days of 
age. 

3. Total litter weight was higher in linecross pigs 
tpan in inbred pigs at birth, weaning and 154 days of 
age. 

Estimates of the effects of inbreeding and linecrossing 
on sow performance when both produced non-inbred 
pigs were obtained and the conclusions were: 

1. Inbred sows farrowed fewer pigs than linecross 
sows. This was due to the ovulation of fewer eggs and/or 
to greater embryonic death losses in the inbred sows. 

2. Linecross sows. weaned a greater percentage of t~e 
pigs they farrowed. 

3. There was no difference in the weights of the 
pigs at birth and weaning from inbred and linecross sows 



but the pigs from linecross sows were slightly heavier 
at 154 days of age. 

Litters of pigs from linecross sown averaged almost 

twice as heavy at 154 days of age as litters of inbred pigs 
from inbred sows. 

From a: practical standpoint the commercial pro

ducer cannot afford to produce iQ_!:>red pigs or use inbred 

sows for pig production. Inbred boars may be used to 

advantage for commercial production. A systematic line

crossing program should prove best for commercial pork 
production. 

The purebred breeder may use inbreeding to ad

vantage if he has outstanding breeding stock in his herd. 

But when he uses such a system of breeding, he must be 

prepared for a decline in litter size and vigor of the pigs 

and to cull his herd very vigorously. 

Project 355-Factors Affecting Sow Performance 

and Survival and Growth of Baby Pigs 

L. F. TRIBBLE, B. T . DEAN 

Objectives: 

A . To study the effects of nutrition as it is related to 
the condition (fatness) of the sow on the reproductive per
formance. 

B. To determine the major causes of death losses in baby 
pigs from birth to weaning. 

C. To study methods of increasing the livability and 
gains of pigs during the suckling period. 

The effect of condition of the sow during gestation 

on the number of pigs farrowed and the livability and 

growth of the pigs has received the most attention. Ob

servations by swine breeders and research workers indi

cate that fatness may be detrimental to reproduction but 

factorial information on this point is not well established. 

One group of sows was fed to gain at the normally 

recommended rate of one pound per head per day while 

another group was fed to gain one half this amount. The 

live hog backfat probe technique was used to measure the 

changes in condition that occurred during the gestation 

period. Sows fed the normal level of feed gained in (at 

while those fed to make weight gains at one-half the 

normal rate, lost fat as indicated by their backfat thick

ness. 
There were no differences in the number of pigs 

farrowed, birth weights of the pigs or average pig weight 

at 56 days of age between the two groups of sows. The 

sows fed to gain at one-half the normal rate weaned a 

higher percentage of the pigs farrowed than those fed 

to gain at the normal rate. The same results were ob

tained during two farrowings with the same groups of 

sows. 
Another phase of this project was a study of meth

ods for controlling nutritional anemia. Anemia is a prob

lem in the survival and growth of the baby pigs that are 

raised on concrete. Various injectable iron solutions 

were studied and an iron-dextran complex was found to 

be most effective in maintaining normal hemoglobin 

levels. Various concentrations of ferric ammonium citrate 

were not as effective. There were no significant differ

ences in 14 and 28 day weights of pigs between the 
various treatments. 

The work is being continued and more data will be 
required before conclusions are made. 

Project 141-Protein Nutrition of Swine 

L. F. TRIBBLE, D. E. BOENKER 

Objectives: 

A. To study factors affecting the protein and/ or amino 
acid requirement of growingfattening swine. 

B. To study the value of supplementing natural feed
stuffs with amino acids. 

C. To study the relationship of level and kind of protein 
in the diet to carcass quality. 

D. To study the protein supplementation of practical ra
tions for growingfattening swine. 

A study was conducted to determine if breeds or 

crossbreds differed in their protein requirements. Inbred 

Landrace, inbred Polands, crossbred Landrace-Polands 

and crossbred Landrace-Poland-Duroc were used in this 

study. The weight gains and feed efficiency data indicate 

that there is no difference in protein requirements be

tween the breeds and crossbreds used in this study. In 

this study, it was also possible to compare barrows and 

gilts on various levels of protein. Barrows gained faster 

than gilts on all levels of protein but the difference was 

greatest at the low level of protein. This would indi

cate that gilts may have a higher protein requirement 

than barrows. 
In another trial, pigs fed from 50 to 200 pounds, a 

complex protein supplement which was composed of 

protein from seven sources made faster and more ef

~cient gains than pigs fed simpler supplements of soy

bean oil meal and tankage. In another phase of this ex

periment pigs made faster gains when part of the soybean -

oil meal was replaced with tankage but when the trial 

was repeated, no benefit was obtained from adding tank

age. Soybean oil meal should be the basic protein for 

supplementing grains for hogs and substitution with 

other high protein feeds can be made but their use should 

depend on comparative prices and availability. 
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Project 222-Estrus, Ovulation, Nidation, Em
bryonic Deaths and Related Phenomena in the 
Female; Spermatogenesis and Related Physiologi
cal Functions in the Male 

B. N. DAY,]. F. LASLEY, CHARLES KILGORE 

Objectives: 

A. To study genetic and environmental factors involved 
in embryonic mortality. 

B. To study the synchronization of estrus and ovulation 
in gilts. 

C. To develop more effective methods of storing boar 
semen. 

The most critical stage of pregnancy for embryonic 
survival is the first 25 days after mating. The prenatal 
death rate during this period is a major controlling factor 
of litter size at farrowing. The development of methods 
capable of improving the embryonic survival rate would 
be of considerable economic importance to the swine 
producer by increasing the number of pigs farrowed by 
each sow. 

A study was made of the concentration of phos
phatase enzymes in th.e uterine tissue of pregnant gilts 
to determine if it was associated with embryonic mor
tality. Although hormone injections of progesterone and 
estrogen during the early pregnancy period reduced em
bryonic death losses, this hormonal therapy had no de
tectable effect on the phosphatase activity of the uterine 
tissue. 

In a second study, the use of hormonal injections 
to synchronize estrus and ovulation in gilts was investi
gated. Estrus and ovulation were controlled successfully 
in 8 out of a group of 11 gilts. subjected to the hormonal 
treatments. An extended post-treatment estrous cycle 
was observed in 3 gilts. 

A semen diluter was developed which extended the 
life of the spermatozoa several hours as compared to 
non-diluted spermatozoa. It is felt that an effective di
luter must be developed if artificial insemination in 
swine is to be successful under field conditions. 

Project 142-Roughage and Pasture in the Produc
tion of Late Lambs 

C. V. Ross, A. J. DYER, C. M. BRADLEY 

Objectives: 

A. To determine the amount of protein supplement need&/ 
in wintering ewes on corn silage. 

B. To study the effect of grains, feed efficiency and gen
eral health of lambs by adding aureomycin to creep rations .. 
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Work done with wintering ewes was a repeat of the 
previous year's experiment. The ewes were again win
tered on bluegrass and alta-fe5'cue until December 3L 
They were then assembled into the same lots they were 
in the year before and placed in dry lot. The lots were 
reversed on treatments from the previous year so that 
the one which received .33 pound of soybean oil .meal 
per head _daily the previous year recei~ed .14 pound of 
soybean oil meal and vice versa. Both lots received corn 
silage ad lib. A mineral mixture composed of bone meal, 
salt (2:1) was fed free choice and addition on February 
22 one pound of bone meal per lot was mixed with the 
soybean oil meal and fed on the silage. 

Ewes on .33 pound of soybean oil meal per head 
daily gained 33 percent more weight and sheared .42 
pound (4 percent) more wool than those which received 
.14 pound soybean soil meal per head per day. In addi
tion, the ewes on the higher level of soybean oil meal 
gave birth to heavier and saved 2 percent more lambs 
and lambs which were heavier on June 28 than those out 
of ewes on the lower level of protein. 

On April 1, ewes and suckling lambs were divided in
to two uniform lots to study the effect of adding 
aureomycin to creep rations. During the first phase (67 
days) one lot of lambs received a ration containing 10 
mgm. aureomycin per pound of feed. The other lot re
ceived a similar ration without aureomycin. During phase 
2 ( 42 days) the level of aureomycin was raised to 40 
mgm per pound of feed. 

The lambs were shorn at weaning time and fleeces 
weighed. The fleeces from the aureomycin lot were 
slightly, though not significantly, heavier than those of 
the controls. The results suggest there may be some 
benefits from the standpoint of feed efficiency to includ
ing aureomycin to creep rations. It is probable that more 
differences could be demonstrated with early lambs than 
with late lambs since early lambs appear to eat con
siderably more feed than late lambs. This observation is 
not new, since experiments have shown that the feed 
consumption of lambs running with their dams on good 
pasture rarely consume as much feed as similar lambs 
suckling ewes fed in dry lot. The second phase of the 
experiment gave a somewhat better picture of the effect 
of aureomycin, but the daily intake was still rather low, 
and the lambs were more mature and thus probably not 
as susceptible to infections. 

Copper sulphate was compared with phenothiazine 
for control of stomach worms in grazing lambs in two 
experiments. On July 3 trial A was started with twenty
six lambs produced by ewes in the wintering trial. They 
were divided into two uniform lots of 13 lambs each. 
One lot was drenched initially with 1 ~ ounces of 40 
percent concentrate phenothiazine and had access to 



phenothiazine mixture (phenothiazine and 9 lb. salt). 
The other lot was drenched initially with 1 Y.2 ounces of 
2 percent copper sulphate solution per lamb and the 
same treatment was repeated each four weeks during the 
experiment. Iodized salt was fed free choice. 

Lambs were grazed on lespedeza pasture for 84 days. 
Worm egg counts were made at 4 week intervals. 

All lambs on the experiment were healthy and made 
good gains. Lambs treated with phenothiazine made 
slightly faster gains and were in better condition at the 
end of the test. Worm infestation was low in both groups 
of lambs. 

Trial B was initiated July 25 in which 36 spring 
lambs were divided into two uniform lots of 18 lambs 
each. One lot was drenched initially with llA ounces of 
40 percent phenothiazine per lamb and the lambs given 
access to phenothiazine salt mixture (1:10). They were 
given a second phenothiazine drench at the end of 6 
weeks. The other lot was drenched initially with llA 
ounces of 1.5 percent copper sulphate and again at the 
end of 4 and 6 weeks. Iodized salt was fed free choice. 

All lambs grazed lespedeza pasture and received ap
proximately % lb. of agrain mixture per head daily. 

Worm egg counts were much higher than observed 
in the other experiment and gains were not as satisfac
tory in either lot. Lambs on phenothiazine were fleshier 
and appeared healthier than those on copper sulphate. 
Average daily gain by lambs on phenothiazine were .153 
lbs. versus .095 lbs. for those on copper sulphate. 

Project 354-Reproduction of Sheep 

C. V. Ross 

Objective: 

To Determine the E./Ject of Environmental Temperature 
on the Physiology and Semen Quality of Rams. 

Effect of high environmental temperatures on the 
physiology and semen character of rams was studied with 
eight rams divided into two groups. One group was 
subjected to normal late summer temperatures ranging 
from 90 to 98° F. and a second group was kept in an air 
conditioned room which was cooled to 70° F. and below. 
Respiration rate and body temperatures were higher for 
rams which were exposed to normal temperatures, but 
there was little or no difference in pulse rate of rams kept 
under the different temperatures. 

Rams kept in the air conditioned room produced 
more motile sperm which had a larger percentage of live 
cells (58 vs. 51 percent) but there was only a slight ad
vantage in favor of the cooling treatment on normal 
sperm (80 vs. 77 percent). There was little effect of tem
perature on white and red blood cells. 

Project 356-Lamb Fattening 

C. V. Ross, JOHN C. REA 

Experiment 1 

Objectives: 

To determine the effect of graded levels of Hexestrol im
plants on wether and ewe lambs. 

B. To determine the effect of low levels of tapazol on 
wether and ewe lambs. 

Forty-eight spring feeder lambs which originated in 
California were individually fed complete pelleted rations 
in a lamb fattening experiment. 

Hexestrol implants were made in the ear of each of 
three lots of six wether lambs. Levels used were 6, 9, and 
12 respectively. One lot of six wether lambs received no 
implant. The experiment was duplicated with 24 ewe 
lambs. Half the lambs in each lot received tapazol at a 
level of 10 mgm. per pound of feed. Lambs were 
slaughtered at the end of 50 days on feed. 

Response to Hexestrol implants was more uniform 
in ewes than in wethers. Ewes implanted with 9 and 12 

mgm. made faster and more efficient gains. Except for 
the lot implanted with 12 mgm. the ewes implanted with 
hexestrol graded as high in the carcass as controls. There 
was little difference in yields of lambs implanted with 
hexestrol and controls. 

Response by wether lambs to hexestrol was more 
variable than in ewes. Only the wethers implanted with 
12 mgm. of hexestrol made -faster gains than controls. 
However feed efficiency was greater for both the 9 and 
12 mgm. lots. Grades, alive and in the carcass, were some
what lower for the hexestrol lots. Carcass yields were 
lower for lambs implanted with hexestrol. 

Experiment 2 

Objectives: 

To determine the response of wether and ewe lambs to 
implanted hexestrol and oral stilbestrol and to observe the effect 
of tapazol additives to a lamb fattening ration. 

Three uniform lots of 6 wether lambs and a like 
number of ewes '?'ere treated as follows: 

Controls, Hexestrol implants ( 6 mgm. for wethers 
and 9 mgm. for ewes and stilbestrol at the rate of 2 mgm. 
per head daily incorporated in the ration. One half the 
lambs in each lot received tapazol in the rations at a level 
of 10 mgm. per pound of feed. 

The lambs were individually fed on complete pelleted 
rations for 44 days. 

Wethers and ewes implanted with hexestrol made 
significantly faster and more efficient gains than controls 
or lambs fed stilbestrol. There was no difference in car-

37 



cass grades and yields. 
Ther~ was no apparent response to stilbestrol or 

tapazol additives to rations. 

Experiment 3 

Objectives: 

To observe the effect of adding I percent salt to a lamb 
fattening ration. Forty seven feeder lambs out of Idaho we_re 
divided into two uniform lots and self fed on ground mixed 
fattening rations for 28 days. 

Salt at a level of 1 percent was added to the ration of 
one lot, otherwise they were similar. 

In the initial phase lambs on the salt ate more feed 
and appe-ared to gain faster, but after two weeks the trend 
was reversed and at the end of four weeks they were not 
significantly different. Gains and feed efficiency were 
slightly in favor of the lot on the control ration. There 
appeared to be no advantage to adding salt to the ration. 

Experiment 4 

Objectives: 

A. To compare the efficts of high, medium and low 
levels of concentrates in pelleted rations for f?Utening lambs. 

B~ To compare a ground and mixed ration in pelleted 
and meal form. 

C. To compare three levels of implants for wether and 
ewe lambs. 

One hundred twelve head of black faced Idaho lambs 
were group self fed for 69 days on a 2 x 4 x 4 factorially 
designed experiment. Wethers were divided into outcome 
groups and assigned at random to four lots of 12 lambs. 
Rations fed were as follows: Lot 1, 60 percent concen
trates and 40 percent roughage fed in meal form; lot 2, 
60 percent concentrates and 40 percent roughage fed in 
pelleted form ; lot 3, SO percent concentrates and 50 per
cent roughage fed in pelleted form; lot 4, 40 percent con
centrates and 60 percent roughage fed in pelleted form. 
Wethers were subdivided into 4 uniform groups and im
planted with 0, 5, 6, and 7 mgm. hexestrol. Ewes were 
assigned to 4 lots of 16 and fed the same rations as 
wethers. Sub-lots were implanted with 0, 7, 8 and 9 
mgm. hexestrol. Average daily gains and feed required 
per hundred pounds gain for wethers and ewes combined 
were as follows: Lot 1-.54, 757 ; Lot 2-.55, 755; Lot 
3-.62, 711; Lot 4-.66, 641. Daily gains were significant
ly higher for lots 3 and 4 than lots 1 and 2. Grades were 
significantly higher (P= .05) on lambs fed the 60 per
cent roughage ration. Lambs on the 60 percent roughage 
ration had significantly lower carcass yields (P=.01) than 
other lots. Lambs implanted with hexestrol made signifi
cantly faster gains (P = .01) than controls. Grades were 
not affected but carcass yields were slightly reduced. 
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Experiment 5 

Objectives: 

A. To compare the feeding value and yields of corn, out 
of the same field, which was harvested when it contained 27.5 

percent moisture versus the same corn aYlowed to stand in the 
field till the moisture was 15.5 percent 

B. To compare wether and ewe lambs on graded levels 
of hexestrol implants. 

One hundred twenty Idaho feeder lambs were used 
in a 2 x 2' x 4 factorially designed experiment comparing 
feeding value and yield of high moisture corn with No. 2 
corn, and to observe effects of graded levels of hexestrol 
implants on gains and carcass characteristics of wether 
and ewe lambs. One lot of 28 wethers and one lot of 32 
ewes were self fed a complete mixed ration containing 
ear corn harvested when it had a moisture content of 27 
percent and stored in plastic bags until mixed and fed. 
Similar groups of 28 wether and 32 lambs were self fed 
a ration containing No. 2 corn, harvested at a moisture 
content of 15.5 percent. Each lot was sub-divided into 
four uniform groups and implanted with· hexestrol. 
Wethers received implants of 0, 5, 6, and 7 mgm. and 
ewes received implants of 0, 7, 8, and 9 mgm. There was 
no ·significant difference in gains, grades or yields of 
lambs fed either high moisture or No. 2 corn in the ra
tion. A savings in pounds of feed required per pound of 
gain for the lambs fed the high moisture corn ration of 
approximately 1.5 percent was obtained when results 
were figured on an equivalent moisture basis. Picking 
the corn wet resulted in a 5-6 bushel higher yield per 
acFe, figured on a dry matter basis, than when harvested 
later as No. 2 corn. All lambs implanted with hexestrol 
made significantly faster gains than controls with no sig
nificant differences 'between levels of implantation. Car
cass grades and yields were not significantly affected by 
the treatment. No undesirable side effects were noted in 
the lambs as a result of implanting with hexestrol. 

Experiment 6 

Objectives: 

To compare lambs implanted with hexestrol vs. stilbestrol. 

Fifteen lambs which were on a full feed of a ground 
mixed fattening ration were divided as equally as possi
ble into two groups of 7 and 8 lambs respectively. One 
group of seven lambs was implanted with 2 mgm. stil
bestrol. The other group received hexestrol implants at a 
level of 6 mgm. for wethers and 8 mgm. for ewes. 

At the end of 40 days the lambs were slaughtered 
and carcass information was obtained. 

The number of lambs in the experiment was too 
small to permit definite conclusions on any of the results. 

· There was little difference in daily gains and feed re-



quired per pound of gain between the two lots of lambs. 
Carcass yields were slightly higher for lambs im

planted with stilbestrol, but grades were in favor of 
lambs treated with hexestrol. The U. S. government 
gr_ader preferred the carcasses of the lambs implanted 
w1th hexestrol because they had superior color, finish 
and firmness and they were dryer than those treated with 
stilbestrol. 

. Project 88-Development of Improved Methods of 
Pork Carcass Evaluation · 

S. E. ZOBRISKY, 0. J. KAHLENBERG 

Progress in the meat characteristics of swine can be 
greatly implemented by objective identification of those 
car~asses which have superior muscling characteristics. 
Th1s study was designed to develop improved methods 
of evaluating live hogs and pork carcasses. This basic 
research has utility in resolving the problems encounter
ed in live . .animal and carcass evaluation studies. The dif
ferences and relationships of carcass characteristics which 
exist between boars, barrows and gilts are of direct bene
fit to br:eders and producers in establishing breeding and 
production programs to satisfy the consumer demands 
for lean high quality pork. 

Hogs of both sexes yielded a greater proportion of 
their live weight in lean cuts and a smaller proportion 
of their live weight in fat cuts than their castrate litter
mates. The hams from the gilts contained the most 
separable lean, next were the boars, castrate gilts and 
barrows. The dressing percent between normal and cas
trate hogs of the same approximate weight did not dif
fer significantly. The boars had the largest loin eye fol
lowed by the entire gilts, castrate gilts and barrows. 

The urine creatinine excreted by swine was directly 
associated with measurements of muscle development and 
negatively associated with measurements of fat develop
ment. 

Correlations between erythocythe, leucocyte and 
lymophocyte counts and hemocrit values and measures 
of lean and fat of carcasses were generally insignificant. 
Erythocyte counts and hemocrit values were directly cor
related with measurements of muscle mass. 

A continuation of this work should lead to the exact 
relationship between the live animal and carcass char
acteristics between barrows, gilts and boars. This informa
tion will increase substantially the usefulness of swine 
testing programs. 

Project 100-S'tability in Cured Meats Using Ascor
bic Acid and Other Stabilizers 

H. D. NAUMAN 

Objectives: 

To ~ev_eal various factors which may influence uniformity 
and stabtltty of color in fresh and cured hams and to deter
mine the _effect muscle pH has on the color of hams. 

Durmg the year, 374 hams were examined in studies 
of the stability of cured meat pigments in the presence 
of a~corbates and other curing ingredients. Various pro
cessmg procedures, reducing agents and pH were used 
to study the formation and stability of cured meat pig
ments. 

. Artery pumping pressures in the range of 40 to 60 
p.s.1.g. were found to be satisfactory and had little effect 
on uniformity and stability of color in cured hams. The 
u~e of ~igh lev~ls ?f sodium ascorbate in the curing 
pKk_l~ did not sigmficantly affect color uniformity or 
stability of hams taken from physiologically normal ani
mals. When hogs were stressed by 15 minute forced ex
ercise or by ante-mortem adrenaline injections above 3 
mg. per 100 lb. live weight 14 hours prior to slaughter, 
color uniformity of the resulting hams was improved. 
The color of these cured hams was stabilized for as long 
as 6 days when high concentrations of sodium ascorbate 
were added to the curing pickle. 

In the examination of the muscles from 260 fresh 
hams, it was observed that the pH values of the controls 
were about the same as were the muscles obtained from 
hogs injected with 3 mg. adrenaline ante-mortem. When 
higher levels of adrenaline were injected, the resulting 
fresh ham muscles were increasingly darker, more uni
form, had a firmer structure and higher pH values than 
the controls. Color uniformity of the cured hams became 
less desirable with the higher levels of adrenaline injec
tions. The shackling of 92 hogs during slaughter opera
tions had no significant effect on color uniformity in ham 
muscles. 

Results of this investigation indicate that certain 
physiological and processing factors may influence color 
uniformity and stability of cured hams. The use of high 
pH hams produced by post-mortem adrenaline-stress and 
forced exercise apparently results in changes of cured 
meat pigments which are relatively stable to fluorescent 
display lighting. This increased stability of the cured
meat pigments should result in increased consumer de
mand and shelf life for this product. 

Project 217-Economic and Technical Feasibility 
of Retail Distribution of Frozen Meats 

H. D. NAUMAN, EuGENE BIRMINGHAM, 

MILTON E . DAILEY 

Within the past few years there has been a sharp 
increase in the merchandising of prepackaged frozen 
meats. The technical feasibility of frozen meat distribu-
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tion and the consumer acceptance and preferences for 
frozen meats were investigated during the past year. 

A method of fabricating boneless cuts of meat was 
developed to maximize merchandising feasibility. All 
cuts were grouped into 7 boneless categories according 
to the ultimate cooking method. The acceptance of this 
fabrication method was tested by consumer panels in 
Columbia, Jefferson City and Mexico. 

The results of the study indicated that consumers 
would be willing to purchase frozen beef identified in 
the same manner as it was in this study and that they 
would consider it quite acceptable. This method of fabri
cation affords the opportunity to group all cuts of meat 
of similar eating characteristics under a single cut name, 
i.e., grill steaks, oven roasts, etc. Boneless beef fabrica
tion permits a complete separation of the more tender 
muscles of the fore quarter for steaks. 

The experimental results indicate that cheaper, 
leaner grades of beef, when properly aged and fabricated, 
offer the opportunity to obtain a high yield of acceptable 
meat. Fabricating beef in this manner should reduce the 
inventory problems of processors and retailers. 

Proiect 218-Significance of Pork Grades in Rela
tion to Consumer Acceptability and Preferences 
Among Retail Cuts 

H. D . NAUMAN, S. E. ZOBRISKY 

Different grades of pork were processed and dis
tributed to consumer panels to determine if there was a 
noticeable difference in the eating satisfaction between 
these grades. Meat-type hogs weighing 125 pounds, 165 
pounds and 205 pounds were slaughtered and processed. 
Consumer panels in Jefferson City and Mexico consisting 
of 230 families were asked to evaluate the eating char
acteristics of the retail cuts from these carcasses. 

No significant difference was found in the acceptance 
of the various weight groups whether they were com
pared on a carcass or a cut by cut basis. The cuts that 
received the most favorable ratings and which were liked 
best included the chops, loin roasts, bacon, ham shank 
portions and Boston butts. Those cuts receiving the 
poorest rates were the steaks, blade roasts, spare ribs and 
picnics. 

Does consumer acceptance differ between pork chops 
which contain differences in marbling and differences in 
firmness of the lean? Two adults in each of 108 house
holds in Jefferson City have given the answers to these 
questions after eating pork chops from 216 loins each 
differing in firmness and marbling. When ':hops of dif
ferent firmness and marbling were eaten, side by side, 
there was no difference in acceptability. 

This research would indicate that consumers do not 
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object to pork cuts from light weight meat-type hogs 
and do not object to pork chops from carcasses which 
are deficient in marbling and have lean that is somewhat 
less firm than that found in heavily marbled pork. The 
supposition by some that the very lean meat from meat
type hogs lacks in eating desirability is not supported by 
this research. 

Project 238-Effect of Antemortem Handling Dur
ing Marketings on Subsequent Carcass Quality of 
Beef, Lambs and Hogs 

H. B. HEDRICK 

Frequently the carcasses of slaughter livestock are 
discounted because the lean meat is very dark colored. 
This condition is commonly referred to as dark cutting 
meat. This study was designed to determine the effect 
of pre-slaughter treatment on beef, pork and lamb car
casses. It was also anticipated that practices might de
velop which would prevent the occurrence of dark cut
ting carcasses. It was definitely shown in this study that 
dark cutting carcasses are the result of physiological stress 
incurred during the marketing of livestock. Improper 
handling of the livestock, particularly excitement, causes 
the animals to use an unusually high amount of muscle 
glycogen. When this excitement and stress continues for 
a period of 24 hours or longer the muscle glycogen is so 
depleted that when the animal is slaughtered the muscle 
pH does not drop sufficiently low to permit the oxygena
tion of the muscle pigment thus causing the dark cut
ting condition. It was shown that high pH and the dark 
color of muscle were directly related. It was further 
shown that dark colored lean in lamb carcasses is not 
necessarily due to age but can be caused by stress. The 
color of lamb muscle is affected by the pH of the muscle 
in much the same way as the color of beef is affected by 
this factor. 

The dark color of beef, pork and lamb muscle was 
produced consistently by the administration of adrenaline 
approximately 24 hours before slaughter. The dark color 
of beef was also produced by periodic excitement during 
a 24 hour pre-slaughter period. This evidence suggests 
that the dark color of beef caused by excitement is actual
ly due to the release of adrenaline in the animal body. 

Insulin and tranquilizers did not prevent dark cutting 
beef when cattle were subjected to excitement twenty 
hours before slaughter. Tranquilizers caused extensive 
edema surrounding the site of injection. 

Over four days was required to replenish the muscle 
glycogen necessary for bright cutting beef after animals 
had been subjected to stress. Thus if hold-over feeding 
by slaughterers is to be effective in reducing the inci
dence of dark-cutting beef, the period would have to ex-



ceed four days and the environmental conditions be con
ducive for rest. 

The most economical and feasible method of pre
venting dark cutting beef, lamb and pork is careful and 
proper handling of animals from the time they leave the 
farm until they are slaughtered. Special care should be 
taken to prevent excitement, trauma or fatigue while 
loading animals at the farm, transporting and handling 
of animals to and at the market or slaughtering plant. 

Project 257 -Control of Microbial Development 
During Meat Processing 

JOHN F. LASLEY, H. B. HEDRICK, R. B. SLEETH, 

M. E. BAILEY 

Beef, characteristically, is aged for some period of 
time following slaughter in order to increase the tender
ness of the meat. This aging process takes considerable 
time and may be speeded up if beef carcasses are held 
at temperatures higher than normally found in beef 
coolers. It was the purpose of this study to determine 
the effect of antibiotics in the high temperature aging 
of beef. An antibiotic (oxytetracycline) was in jeered into 
the tails of steers a few minutes before slaughter. The 
antibiotic was then absorbed and circulated through the 
blood stream to all parts of the animal body. After pro
cessing, the carcasses were aged in an 86° F room for 
two days and then chilled. Steaks taken from these steers 
were cooked and compared with steaks taken from cattle 
aged for two weeks in the normal manner. Steaks from 
antibiotic treated carcasses were equally as tender and 
flavorful as the steaks from the carcasses aged normally. 

The antibiotic acts to prevent spoilage organisms 
from attacking the meat while it is being held in the 
high temperature room. The high temperature, in tum, 
permits the natural enzymes in the muscles to tenderize 
the meat much faster than normal. 

Although sfficient antibiotic was available to pro
tect the raw meat from spoilage, the heat of cooking 
destroyed all of the antibiotic in steaks that were cooked 
medium well done. Thus any hazard that might come 
from antibiotic ingestion was eliminated. 

This process has the potential of making it possible 
to have more aged, tender meat available and, at the 
same time, reduce some of the costs. 

Project 327-The Tenderness of Meat as Related 
to Tissue Components, Genetic Factors and Ante
Mortem and Post-Mortem Treatment. 

0. J. K.AHLENBUR6 

Experiments were conducted to study the effects of 
chronological age, ante-mortem stress and post-mortem 

environmental aging conditions on the biochemical 
changes taking place during the process of post-mortem 
aging of 31 beef carcasses. The major objective of these 
experiments was to investigate the relationship of the 
quantities of various muscle constituents to tenderness 
during and at the termination of aging at high (86°) 
and low (38° F.) temperatures. 

Analytical determinations were made for total mois
ture, fat, nitrogen, for hydrogen-ion concentration; water 
holding capacity; ionic potassium, sodium, calcium, 
magnesium, nitrogen and phosphate on samples taken 
from the Jongessimus dorsi muscle of the wholesale rib 
and short loin of the 31 carcasses mentioned above; on 
42 other short beef loins and on 19 other beef sirloin 
tips. Tenderness was evaluated on these various cuts by 
means of the Warner-Bratzler and L.E.E.-Kramer Shear 
device and a sensory panel. Initial studies were made on 
hydroxyproline technics for determining connective tissue. 

Interpretative conclusions cannot be drawn from 
the results of these studies until final analyses of data 
obtained have been made. Correlations, however, be
tween W arner-Bratzler Shear and sensory panel results 
were significant ( r = .67 for 15 samples), as were those 
between Warner-Bratzler and K.E.E.-Kramer Shear values 
( r = .622 for 86 samples). 

Project 335-Time and Temperature Tolerances 
(Product Climatology) of Meats and Meat Products 
From Processing Through Distributive Channels to 
Consumers and Their Relationship to Preference 
and Acceptability of Consumers 

H. D. NAUMANN 

A coordinated attack was made to determine how 
frozen meats behave under various conditions of times 
and temperatures. It was particularly pertinent to deter
mine these effects upon the acceptability and chemical 
changes in the meat. 

Two grades of beef and one grade of pork were 
stored under a number of sub-freezing temperature envir
onments. Chemical analyses and taste panel evaluations 
were made after the meats had been stored 3, 6, and 9 
months. The results indicate that the chemical changes 
in the lean are relatively small and the chemical changes 
in the fat are only those associated with the development 
of rancidity. Meats stored above 0°F deteriorated much 
more rapidly than those stored in more favorable environ
ments. 

This study would indicate that frozen meat under
goes appreciable deterioration (mostly rancidity) if not 
maintained in a 0°F or lower environment. A survey of 
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temperature environments in distributive channels indi
cates that frozen meats are frequently subjected to above 
0°F. 

Project 348-lmproving the Acceptability of Meat 

H . D. NAUMANN, EUGENE BIRGHAM, 

MILTON E . BAILEY 

The primary limitation to consumer acceptance of 
meat is tenderness. This study was designed to determine 
the effect of processing methods and cooking methods on 
the eating qualities of beef. 

Currently enzyme tenderizers are used by the home
makers and by meat processors to improve the eating 
characteristics of beef steaks. Such tenderizers, most fre
quently, are used on steaks from older animals and on 
round steaks from younger animals. This pilot scale study 
was designed to explore the ability of consumers to de
tect changes in eating characteristics brought about by 
a meat tenderizer. Grill and minute steaks were tested by 
a household panel in Columbia. One-half of the panel 
received grill steaks and the other one-half received min
ute steaks. In each instance, on~-half of the steaks were 
treated with the tenderizer. The grill steaks from the 
round of Utility beef were always more acceptable when 
enzymatically tenderized. In general round steaks from 
Choice carcasses were improved in tenderness when 
treated with a tenderizer, however, the improvement was 
considerably less than that noted with the Utility grade 
steaks. The tenderized treatment of both grades of beef 
steaks were less acceptable than those steaks which were 
not tenderized. It appears that the combined efforts of 
mechanical tenderizing and enzymatic tenderizing was 
well beyond the optimum. 

It would thus appear that enzyme tenderizers have 
the greatest utility in the tenderization of steaks from 
lower qualiry and less tender beef and that meat can be 
over tenderized by this method. 

Project 251 -Nitrate Poisoning 

W. H. PFANDER, G. B . THOMPSON, AVALON DUNGAN 

Objectives: 

A . To observe the effects of feeding forages, grown under 
conditions which favor high nitrate accumulation, on the ru
men function and general performance of sheep and cattle. 

B. To determine if the effects observed in A can be dup
licated by adding nitrate to the normal ration of sheep and 
cattle. . 

Mature wethers tolerated an intake of 19 grams per 
day of potassium nitrate without ill effects. 
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Nitrogen in the form of potassium nitrate was uti
lized by sheep especially on low protein rations. 

The addition of sodium metabisulfide and a mixture 
of sodium metabisulfide and butylated hydroxy anisole 
to silage increased the total digestible nutrients by sheep. 

The nitrate content of green chopped corn appears 
to decrease after ensiling. 

The addition of molasses to green chopped corn may 
aid in the reduction of the nitrate content of the forage 
while ensiled. 

Project 248-Mineral Nutrition of Ruminants 

w. H. PFANDER, W. c. ELLIS, G. B. THOMPSON, 

R. L. PRESTON, JOE BRINK 

Objectives: 

A. Re-evaluate the qualitative and quantitative mineral 
requirements of ruminants. 

B. Determine the mineral element(s) or combination of 
elements present in alfalfa ash which is (are) effective in stimu
lating appetite and improving performance of cattle and sheep 
fed low quality roughage. 

C. Obtain additional information on the role of mineral 
imbalance in the etiology of stiff lamb disease, urinary calculi, 
and tetany. 

Rations containing 0.13 to 0.18% calcium (54-75% 
of N .R.C. Requirements) were adequate when pregnant 
ewe gains served as the criteria but were inadequate when 
suckling lamb gains, condition of lambs at birth, or the 
number of lambs raised was considered as a criteria for 
adequacy. 

Studies on the potassium requirement of growing
fattening lambs indicated that rations containing 0.4 or 
0.2% potassium promoted greater gains and feed intake 
than did rations which contained 0.05% potassium. 

An attempt to assess the molybdenum requirement 
of growing-fattening lambs failed to demonstrate a bene
ficial role for molybdenum. Neither copper or molyb
denum alone or in combination were effective in replac
ing the beneficial effects of alfalfa ash in lamb feed lot 
performance. . 

Low calcium rations may appear adequate for preg
nant ewe gains, but may result in lambing difficulties, 
weak lambs at birth, and slow gains of suckling lambs. 

Deficiencies of potassium, copper and molybdenum 
are unlikely in lamb rations consisting of grains and 
legume hays produced in Missouri. 

These studies provided the basis for further attempts 
to identify the "alfalfa ash factor" and further refine
ment of the potassium requirements of growing-fatten
ing lambs. 



Project 198-lmprovement of Beef Cattle Through 
Breeding 

J. E. COMFORT, J. F. LASLEY, C. W. FOLEY, A. J. DYER 

Objectives: 

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

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

C. To test further techniques of identifying "dwarfjree" 
and "dwarf carrier" beef cattle. 

D. To compare performance of "carrier" and "non-car
rier" beef cattle. 

The long time program of an outcrossing system of 
breeding similar to that followed by most purebred 
breeders is being compared to one in which intra-herd 
selection based on type and performances is being prac
ticed. Eleven yearling bulls were fed individually with a 
high gain of 2.79 and a low gain of 1.49 pounds per day. 
Forty-one heifers wintered on silage by sire groups gained 
from .99 to 1.29 pounds per day. The feed efficiency for 
all four sire groups was good, varying from 453 to 536 
TDN per 100 pounds gain. 

The records of 62 bulls that were fed individually 
over a period of several years were summarized. The 
overall average daily gain was 2.18 pounds and 508 
pounds of TDN was required per 100 pounds of gain, 
21.0% scored over 80, 13% gained abovt'! 2.52 pounds per 
day but only 3 bulls or 4.8% had a final score above 80 
and a gain over 2.52 pounds per day. This illustrates the 
principle that it is more difficult to find individual bulls 
outstanding for several traits than it is to find those that 
are outstanding for one trait. Calves that were older 
when started on test required more feed than younger 
calves, .807 pounds more TDN per pound of gain for 
each day of older age. 

Forty Hereford heifers ranging from 9 to 12 months 
of age were used to study the physiological response to 
stress as related to gain and conformation. They were 
sired by four different bulls. A statistical analysis re
vealed a significant (P < .05) sire influence on the area of 
glucose change from second to the eighth hour after 
insulin injection and on the lymphocyteneutrophil ratio. 

Multiple correlation coefficients between total num
bers of white cells, areas of neutrophil change, area of 
glucose change 2 to 8 hours after injection of insulin 
and areas of lymphocycte changes following insulin in
jections as the independent variable were significant 
(P<.05). The four measurements were highly correlated 
(P<.Ol) with average daily gain (r = .461) . 

A summary of the results of cattle tested for dwarism 
by the insulin test showed about 15 percent of animals 

tested did not give a clear cut "carrier" or "clean" re
sponse. Approximately 90 percent of pedigree-dean cows 
tested "clean" and the remainder tested "carrier." Of 
known "carriers" tested, 90 percent gave a clear cut "car
rier" response. These data were obtained mostly from 
tests with mature cows. 

Project 168-Ruminant Digestion 

W . N PFANDER, G. B. ~HOMPSON, w. c. ELLIS, 

WAYNE WHITE, BILL HARGUS 

Objectives: 

A. To determine the optimum nutrient composition and 
physical balance needed to insure maximum digestive and/or 
metabolic efficiency of ruminant rations. 

B. To evaluate the relative contribution of enzymatic 
digestion and fermentation to the economy of the rumen. 

C. To study the adaptation promses which occur in the 
digestive system either at times of ration changes or following 
digestion disturbances. 

D. To develop feed additives which will improve the 
performance or increase the efficiency of ruminants. 

Lambs fed well balanced pelleted rations grew faster 
and more efficiently than lambs receiving the same in
gredients unpelleted. Pellet-fed lambs had rumens with 
more weight and volume and a thicker epithelium which 
absorbed VFA at a faster rate. The increased gain is at
tributed to a greater production and absorption of VFA 
and to the increased production of propionic acid which 
favors synthetic reactions. Ribonucleic acid can be used 
as an index of growth for rumen bacteria. The bacterial 
protein was of good quality but dietary cystine and slow 
formation of tryptophan may limit the conversion of 
feed protein to bacterial protein. The artificial rumen 
was successively used to screen the cellulolytic activity 
of several compounds which will be tested in ruminant 
rations. 

Project 250-Roughage Changes 

w. H . PFANDER, W. c. ELLIS, G. B. THOMPSON, 

R. L. PRESTON, BILL HARGUS 

Objective: 

To determine the effect of ration physical form on its di
gestion and metabolism by ruminants. 

The project was revised and a new objective estab
lished. During this year equipment has been installed 
and calibrated to allow the quantitative measurement of 
energy and protein metabolism. This equipment will be 
used to determine the effect of ration preparation on 
feed utilization by ruminants. The results will enable us 
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to recommend the kind of preparation needed for dif
ferent feeds. 

Project 237 -Rations for Fattening Cattle 

). E. COMFORT, A.). DYER, MYRON BENNETT, 

C. B. BRADLEY 

Objectives: 

A. To determine the effect of additives in some rations 
fed to cattle being fattened. 

B. To determine differences in rate and efficiency of gain 
and quality of finished carcasses in cattle fattened on dry lot 
and on pasture. 

C. To determine differences in cattle fed two levels of 
protein. 

One experiment was divided into wintering, early 
summer and fattening phases. Implants of 12 mg. and 
24 mg. of hexestrol to 470 pound steer calves fed liberal
ly on corn silage plus 2 pounds of soybean meal in
creased gains and feed efficiency. The 24 mg. implant in
creased gain 18 percent and feed efficiency 8 percent over 
controls. 12 mg. implants increased gain 5 percent over 
controls. 

Seven hundred pound yearlings continued in dry 
lot on corn silage and soybean meal gained nearly twice 
as fast as steers on pasture alone during the 73 day spring 
and early summer period. 

Implanting steers in dry lot with 18 mg. of hexestrol 
increased gain by 31 percent and feed efficiency by 18 
percent over steers in dry lot without implants. Hexestrol 
implants had very little effect on pasture gains. The 24 
mg. winter implant group gained .21 pound less daily on 
pasture than did the group without winter implants. 
During the 138 day fattening period, three lots of steers 
fed on pasture produced larger gains with less grain than 
the two lots of steers fed in dry lot. The faster gains and 
fatter condition of the steers fed silage in dry lot to June 
30 may have contributed to this difference. Steers with 
24 mg. implants fed grain on pasture gained 19 percent 
faster than steers fed on pasture without implants. Im
planting at the 24 milligram level in the winter and 
again with 24 mg. at the beginning of th;e fattening 
period was more effective than smaller implants given at 
winter, summer and fattening periods and was more ef
fective than one 36 mg. implant at the beginning of the 
fattening period. 

In another experiment, 800 pound steers were fat
tened on rations containing 6.8 percent digestible pro
tein or 7.8 percent digestible protein initially reduced in 
two steps to 5.8 percent for the last 42 days of a 14o day 
feeding period. 10 milligrams per day of hexestrol was 
fed to 2 lots of steers for the entire period and for the 
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first 98 days to one of the lots receiving 6.8 percent di
gestible protein. A goitrogenic compound, Tapazole, was 
fed to this group of steers during the last 42 days of the 
test. 

The major response to hexestrol was obtained during 
the first 56 days. The hexestrol ration supplying 7.8 per
cent digestible protein produced. the largest gains during 
this period. Rations with 5.8 percent protein fed to two · 
lots during the last 42 days are definitely inadequate for 
rapid gains. 

There was little difference in rate of gain or feed per 
unit of gain between the steers fed constant 6.8 percent 
protein and hexestrol the entire period and steers fed 6.8 
percent protein the entire period with hexestrol the first 98 
days and 125 mg. of tapazole per day during the last 42 days. 

Steers fed the variable protein with hexestrol made 
22.76 percent faster gain with 16.94 percent less feed per 
unit of gain than steers with the variable protein with· 
out hexestrol. 

There was more extensive marbling in the rib eye of 
steers fed the Tapazole than in the other three lots. The 
dressing percentage and selling price was the same for all 
four lots. 

Project 88-Production of Young Beeves 

). E. COMFORT, A. ). DYER, C. M. BRADLEY 

Objectives: 

A. To determine the advantages and disadvantages of 
September-October dropped calves compared with December
January dropped calves when fattening past weaning to the 
same degree of finish. 

B. To discover their production needs including winter
ing of their dams, "improved pastures," concentrates and other 
management practices. 

Fall calves dropped in September and October creep
fed until weaned and grain-fed in dry lot for 112 days 
after weaning, weighed 793 pounds at 12 months of age. 
They ate 38 bushels of corn and all were in the choice 
grade. They gained 549 pounds from January 3 to Octo
ber 3. The winter calves were not creep-fed in 1958 but 
were grain-fed for 85 days after weaning and weighed 714 
pounds when marketed at 11lh months of age. They ate 
17 bushels of corn. Half of the winter calves graded 
choice, the other half good grade. The fall calves sold 
for $27.50 per cwt. in October and the winter calves for 
$27.00 in December. 

·In the 1958 test, the winter calves gave a higher re
turn above all feed and pasture charges because their 
dams had a lower wintering cost. The dams of the winter 
calves were wintered on fescue and lespedeza pasture 
supplemented with .9 ton of oat hay and 180 pounds of 



soybean meal. The dams of fall calves ate 5 tons of corn 
silage and 225 pounds of soybean meal. Cows with fall 
calves require wintering at a higher level with a nursing 
calf. 

Project 276-Endocrine Secretions as Related to 
Growth, Reproduction and Gene Action 

B . N . DAY, J. F. LASLEY, L . F. TRIBBLE 

Objectives: 

A. To study the effect of various hormones on the ef 
ficiency of production and carcass characteristics of growing
fattening swine. 

B. To determine if there are genetic differences in the 
response of gilts to insulin as measured by changes in certain 
blood constituents. 

The administration of hormones to swine during the 
growing-fattening period of development may provide a 
means of improving the efficiency of production and car-

cass value. Since gilts are normally thinner than barrows, 
it was felt that the female sex hormones progesterone and 
estrogen may exert an influence on the percentage of fat 
in the carcass. 

A study is now in progress which is designed to de
termine the response of barrows to implants containing 
stilbestrol or a progesterone-estradiol combination. The 
data obtained will include rate and efficiency of gain, 
backfat probe on the live animal, detailed carcass meas
urements and the response to mechanical stress as evalu
ted by leucocyte coun.ts. 

In a second study, the influence of age, environ
mental temperature, pregnancy and breed on blood glu
cose and the kinds and numbers of white cells in the 
blood stream was determined. Significant breed differ
ences in some blood components suggested at least a 
partial genetic control, although differences due to age, 
temperature and pregnancy indicated that certain non
genetic factors also may be of importance. Studies made 
on the response of animals to stress may provide addi
tional methods of selecting for superior preformance. 

Dairy Husbandry 
A. C. Ragsdale, Chairman 

Project 28-The Role of Hormones and Enzymes 
in Gland Growth and Lactation 

c. w. TURNER, G. W. PIPES, c. E. GROSVENOR, 

R. C. MooN, R. voN BERSWORDT-WALLRABE, · 

H. WADA, D. R. GRIFFITH, R. WAGNON, 

H. BROOKRESON 

Objectives: 

A. Study of hormones which directly and indirectly in
fluence the growth of the mammary gland. 

B. Study of hormones which influence the intensity of milk 
secretion and the removal of milk. 

Research concerning the role of hormones which 
stimulate mammary gland growth has recently received 
a new stimulus by the development of a quantitative 
measure of gland growth using desoxyribosnucleic acid 
(DNA), a constant constituent of each cell's nucleus. As 
cells divide, the DNA doubles. 

The rate of cell division during pregnancy and lacta
tion can now be determined chemically, whereas pre-

viously only visual examinations of growth were possible. 
By this new method, it has been shown that in

dividual animals vary greatly in the extent of gland 
growth. This is a fundamental cause of variation in 
capacity for milk secretion. This variation in total growth 
is believed to be due to variations in the secretion rate 
of several hormones which directly influence mammary 
gland growth as well as a number of additional hormones 
which indirectly influence growth. We are now attempt
ing to show which hormones are influential. 

Secretion of four hormones directly influence mam
mary gland growth. These are two ovarian hormones, 
estrogen and progesterone, relaxin secreted in the body, 
and a pituitary hormone called mammogen. In addition, 
when these are present, thyroxine will stimulate addi
tional growth. The influence of other hormones such as 
growth hormone, lactogen, adrenal hormones, insulin, 
etc., will be determined as rapidly as possible. 

This new method has shown that mammary gland 
growth continues throughout pregnancy and even during 
early stages of lactation. When animals stop lactating 
there is rapid loss of 'gland cells. Further, additional 
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growth of the gland occurs when lactation and pregnancy 
go on together. 

The lactogenic hormone of the pituitary stimulates 
the cells of the mammary gland to secrete milk. This 
hormone is discharged into the blood by the stimulus on 
the teats at milking time and stimulates the secretion of 
milk during the interval between milkings. However, ad
ditional hormones influence milk secretion. So far our 
research has shown that thyroxine markedly influences 
the intensity of milk secretion. Studies of the thyroxine 
secretion rate show that rats differ markedly in the rate 
of secretion. When groups of lactating rats were given 
thyroxine daily equal to that secreted by the highest 
normal range of secretion, the average yield of milk was 
markc;:dly increased. 

Similarly, the growth hormone stimulates increased 
secretion of milk. When both thyroxine and growth 
hormone are given together, a higher level of lactation 
was induced. The influence of other hormones, including 
the adrenal glucocorticoids and the parathyroid hormones 
are being studied. 

The amount of milk which can be removed at milk
ing time is dependent upon the secretion of a posterior 
pituitary hormone called oxytocin. This hormone is 
stimulated to be discharged into the blood stream by the 
stimulus of milking. Many animals do not secrete suf
ficient of this hormone to make possible complete milk 
removal. When additional hormone is injected, milk 
yields are usually increased. 

These experiments on mammary gland growth and 
the stimulation of milk secretion and milk removal are 
believed to furnish proof that the capacity for high yields 
of milk are dependent upon the optimal secretion of the 
hormones which stimulate maximum growth of the 
glands and after milk secretion is initiated optimal 
amounts of those hormones which directly and indi
rectly influence the intensity of milk secretion. 

Project SO-Endocrine Genetic Interrelations in 
Milk Secretion 

c. w. TURNER, G. w. PIPES, G. N. PREMACHANDRA, 

A. c. RAGSDALE, R. ANDERSON, P. STAHL, 

R. WILLIAMS 

Objectives: 

A. Experimental growth of the udders of heifers, the 
stimulation of the initiation of milk secretion, and the main
tenance of intense milk secretion by replacement therapy. 

B. Estimation of the thyroxine secretion rate of cattle 
and factors which influene thyroxine secretion. 

The udders of more than 30 heifers have now been 
grown by the administration of the ovarian hormones 
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( estrog~n and progesterone) comparable to those secreted 
during pregnat;1cy. Following the period of udder growth, 
the animals have been brought into lactation by the in
jection of estrogen which is normally secreted in in
creased amounts in late pregnancy. 

These animals have reached a peak of lactation com
parable to those calving normally. After beginning to 
decline in milk yield, a second week of estrogen injec
tion has caused these heifers to again increase in milk 
production for a number of weeks. 
. Thyroxine is then injected and the cows again in-
crease in milk yield. 

It has been shown that the milk "let-down" hor
mone, oxytocin, may be injected subcutaneously and will 
cause more complete milk removal. The effect of this 
hormone on total milk yield is being studied. Other hor
mones shown to be effective in lactation studies on rats 
will then be tried. 

It is hoped by this replacement therapy to deter
mine the genetic-endocrine deficiencies of each of the 
heifers in this experiment. 

In our laboratory a method has been developed for 
the estimation of thyroxine secretion in cattle. This re
search has been aided by a grant from the Atomic Energy 
Commission. Radioactive iodine (P 3 1

) is used in follow
ing the release of thyroidal iodine. 

By the use of this method, it has been shown that 
individual cows vary considerably in secretion rate under 
similar winter environmental conditions. It has been 
shown, further, that their genetic potential for thyroxine 
secretion is only demonstrated in cold weather, for as the 
environmental temperature increases during the spring 
and summer, the thyroxine secretion rate may decline 3-
fold. 

Data on the thyroxine secretion rate of each animal 
is being used as a guide in the administration of addi
tional thyroxine to lactating cows to determine to what 
extent the secretion rate is limiting the milk secretion of 
each cow. 

The great value of the method of determining the 
thyroxine secretion rate of individual animals lies in its 
value as a selecti9n index. Thyroxine plays an important 
role in both growth and milk secretion. It is believed 
that calves and heifers showing a low thyroxine secretion 
rate (at low environmental temperatures) may be safely 
eliminated from the herd. On the other hand, cows and 
bulls with high thyroxine secretion rates should be kept 
for breeding. 

Project 64-Hatch Farm 

HORACE S. PEET, A . c. RAGSDALE 

Objectives: 



A. To develop superior strains of jersey cattle and to 
evaluate the relative merits of various breeding, feeding, herd 
and farm management practices. 

B. To serve as a demonstration herd and farm with ref 
erence to practices contributing to efficient dairy farm enterprise, 

as a source of information and as headquarters for dairy ac
tivities in the area served by the Station. 

C. Personnel of the Station Farm cooperate with Cham

bers of Commerce, farm and youth grouPf, provide radio and 
television material, articles for local and area newspapers, and 

in numerous related activities contributing to good public 
relations. 

Dairy Cattle Breeding: The use and development of 

superior sires, brood cow families, and rigid culling have 

been important factors in working toward the objectives. 

Twenty-seven years of herd Improvement Registry 

testing and Official Type Classification have provided a 

background for a constructive breeding program. Herd 

Improvement Registry records show an average produc

tion of 7,128 lbs. milk and 391 lbs. fat over the 27-year 

period. The herd average for the 5-year period ending 

December 31, 1958, was 7,236 lbs. milk and 393 lbs. fat. 

The farm herd was classified on March 30, 1958. Of the 

24 classified animals presently in the herd, 12 classified 

"Very Good", and 12 "Good Plus", making an average 

classification of 85 percent. 
Pasture Investigations: The study to determine the 

value of pasture grasses, sudan, oats and legumes as soil

ing crops for dairy cows as compared with normal pastur

ing of these crops was continued during 1958. Studies to 

determine the effect upon production and eating habits 

when hay was substituted for green chopped forage as is 

sometimes necessary under this practice because of ma
chinery breakdown and weather conditions were con

tinued, with the following results : 
( 1) The average time required for one man to chop 

the forage and feed both night and morning was approxi

mately 40 minutes. (2) The normal decline in milk pro

duction through advanced lactation was retarded by feed

ing green chopped forage in comparison to normal pas

turing. (3) Good quality alfalfa hay may be substituted 

for green chopped forage for a period of one to three days 

without any significant change in production or eating 

habits. (4) Three conditions which particularly warrant 

the cons{deration of feeding green chopped forage as a 

soiling crop to dairy cattle are a) on farms with insuffi

cient pasture acreage, b) on farms where it is desired to 

increase the number of animals without increasing the 

pasture acreage, and c) on farms yvhere available field 

choppers were previously used only for silo filling. 
Silage: Cane molasses at the rate of 50 lbs./ton .and 

sodium bisulfite at 8 lb./ton were compared as preserva

tives for ·alfalfa and alfalfa-brome silage in two upright 

silos. Excellent silage resulted from the use of both with 

no difference in the food value or palatability of the two 

silage. Silage prepared with sodium bisulfite was slightly 

greener and a more desirable odor. 
Herd Health: A Federal tuberculosis-free and a State 

Accredited brucellosis-free herd has been maintained. 

Records: Complete herd, Herd Improvement Registry, 

Type Classification, health, pasture, crop and feeding 

records, with costs, have been kept. Detailed results and 

observations have been recorded. 
Public Relations: Special emphasis has been placed on 

working with FFA, 4-H Clubs and Veterans on-the-Farm 

Training. Total visitors numbered more than 1000. 

Project 134-0fficial Testing of Dairy Cattle and 
Milk Goats 

JOHN D. SIKES 

This project is a cooperative enterprise which in

volves the national Dairy Cattle Breed Associations, 

American Milk Goat Record Societies, the Purebred 

Breeders, and the College of Agriculture, Department of 

Dairy Husbandry. 
Official testing service was used by Missouri Breeders 

as follows : 
Butterfat and milk records were tabulated for the 

above herds, of which 92 percent of the herds enrolled in 

official testing were enrolled in the HIR program with 

8 percent doing Advanced Registry Testing. 
High HIR cow for all breeds was Pre-Eminent 

Renee; Pre-Eminent Guernsey Farm, Gallatin, Missouri 

which produced 13810 pounds milk and 952 pounds fat 

on twice a day milking at an age of 4 years 4 months. 

The highest butterfat and milk production for any 

animal in the Advanced Registry Program for all breeds 

was Standard Lilac Echo, a Jersey owned by Dale Knight, 

Trenton, Missouri, which produced 14,480 pounds milk, 

737 pounds fat in 305 days 2x, M.E. 
With the aid of official records, brood cow families 

and prove!). sires have been used as a basis for improved 

breeding practices thereby improving the status of the 

Missouri Dairy Cattle Breeders. 

Project 54-Artificial lnse!f1ination 

C. P. MERILAN, A. C. RAGSDALE, K. W. BOWER, 

M. M. ANDERSpN, J. R. CAMPBELL, J. D. SIKES 

Objectives: 

To study the chemical and physical characteristics of 
bovine semen and correlate them with spermatozoa viability 

and fertility for developing more suitable semen quality tests 

and storage techniques (diluters, frozen and dried semen). 
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In vitro manometric determinations of gas production 
by bovine spermatozoa under anaerobic conditions indi
cated a slight but statistically non-significant inhibitory 
effect of glycerol. The inclusion of one percent fructose 
with 1.0, 3.3, or 10.0 percent glycerol caused an immedi
ate and marked stimulation of gas production by the 
spermatozoa. 

Glycerol plus fructose maintained a greater degree of 
motility and livability of bovine spermatozoa at the end 
of 105 minutes incubation at 38°C than did either fruc
tose or glycerol alone. Under the conditions of this study, 
one percent glycerol plus one percent fructose was the 
apparent optimum in maintenance of spermatozoan 
motility and livability. 

A series of attempts have been made to dry bovine 
spermatozoa and then rehydrate the cells. The basic 
technique has been to dehydrate the spermatozoa from a 
frozen state under vacuums ranging from .001 microns to 
100 microns mercury pressure. Calcium sulfate, silica gel 
and/ or liquid air were used as vapor traps to remove the 
moisture. Variations in the process included diluent com
position, freezing conditions, dehydration temperatures, 
and rehydration fluid composition. 

During these various series of trials, no motile 
spermatozoa have been observed in any samples which 
were rehydrated from a state of complete dryness al
though motility was observed in some rehydrated sam
ples which had been dehydrated to relatively low mois
ture content. 

These studies are providing basic information on 
metabolism and resistance of bovine spermatoza under 
various conditions. This type of information is necessary 
to the development of improved and practical methods 
for processing and storing bovine semen in artificial in
semination. 

Project 35-Dairy Cattle Breeding 

C. P. MERILAN, A. C. RAGSDALE, K. W. BOWER, 
J. D. SIKES, H. S. PEET, H. A. BALL, L. R. RAINEY 

Objectives: 

To study the interrelationship between the inheritance of 
production, physical characteristics, reproduction and related 
physiological functions through the. development and evalua
tion of selection methods for improvement of dairy cattle 
through breeding. 

The major emphasis in the dairy cattle breeding pro
gram has been placed on the development and utilization 
of selection techniques, particularly physiological meas
urements, which may be related to the current and / or 
future productive and reproductive performance of the 
animal. 

183 blood inorganic phosphorus determinations have 
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been made during the year on project animals. Eleven 
animals which were checked for blood inorganic phos
phorus levels prior to their first calving have completed 
at least 2 lactations. In comparing the first and second 
lactations of the 4 animals which showed a blood inor
ganic phosphorus level below the average for their age, 
their second lactation averaged 308 lbs. of milk greater 
than the first lactation. Individual values ranged from a 
decrease of 832 lbs. to an increase of 1282 lbs. A similar 
comparison for the 7 animals which were above average 
for their age in blood inorganic phosphorus shows an 
average increase of 175 5 lbs. of milk for the second lac
tation compared to the first lactation . Individual values 
ranged from + 1005 to + 3160 lbs. However, this group 
of animals has a second lactation average of 807 lbs. milk 
less than the second lactation average for the 4 animals 
in the below average blood inorganic phosphorus group. 
This suggests that blood inorganic level is more a me-as
ure of "physiological" maturity rather than of potential 
production capabilities. 

Cooperative work involving the Dairy Cattle Breed
ing and Environmenal Physiology projects at the Mis
souri Station has developed equipment and techniques for 
in vivo scanning (with directional detectors) of P 3 1 distri
bution in the thyroid gland of dairy animals to determine 
thyroid size and lobe symmetry in terms of both rate and 
total p :n accumulation and release. Preliminary studies 
have also been completed on thyroxine utilization rate 
in young dairy animals. This technique involves the in
jection of low levels of 11

:
11 labeled thyroxine with in 

vitro P 3 1 counting of periodic blood samples. The tech
nique will be used as one phase of the study of relation
ship between thyroidal activity and growth and future 
productivity of dairy calves. Results of the preliminary 
studies indicate breed differences as well as individual 
variations associated with body weight, age and environ
mental conditions. 

These preliminary results indicate the feasibility of 
developing one or more tests which will aid in predicting 
the physiological development and future production of 
dairy heifers. Such tests would materially reduce' the cost 
of replacements to the dairyman and hasten progress in 
developing improved dairy cattle by making it possible 
to cull most potentially undesirabl~ animals as calves 
rather than as more mature animals. 

Project 1 33-Microorganisms 

J. E. EDMONDSON, K. L. SMITH, R. T. MARSHALL, 
E. L. McCUNE 

Objectives: 

To develop bacteriological methods which will determine 
or classify the microorganisms with which the milk producer is 



concerned or which will affect the quality of raw or pasteurized 
milk and milk products and thus provide information helpful 
in protecting the health of the consuming public. 

The membrane filter technique for enumeration of 
bacteria in water has been approved by the U. S. P. H. S. 
Such procedure is rather simple and more economical 
than standard plating procedures. However adoption of 
this technique to milk analysis · involves a number of 
procedure changes such as size of sample, pore size of 
filter membane, type of medium, dilution of sample and 
length of incubation. 

Milk protein hydrolysate (MPH) agar has been an 
acceptable medium for plating of milk samples. Modifica
tion of the medium in the form of a double strength 
broth gave the best results when compared to the stand
ard plate method. Also results were obtainable in 20-24 
hours as minimum gene~ation times were obtained on 
this medium. 

Early reports on preliminary studies with milk indi
cated that certain additives were necessary for milk sam
ples. The use of wetting agents, dyes or indicators has 
been reported to increase the accuracy of the membrane 

· filter. The addition of 0.1 percent wetting agent did not 
inq:.ease the accuracy when the dilution water blanks 
were warmed to 45 o C before filtering. In some instances 
higher total counts were found using warm water with
out the wetting agent. This indicates a possible toxic 
effect on the bacterial flora by the wetting agent. The 
use of dyes or indicators was exhausted as a means of 
increasing the accuracy of counting the bacterial colonies. 
When dealing with a mixed population, as in milk sam
ples, certain indicators exhibit an inhibitory influence .on 
some bacteria. Data acquired during this phase of the 
study indicated about 20 percent of the population may be 
inhibited to some degree_ 

The need for a sterile funnel for each sample was 
considered as a detriment to this procedure. However 
exhaustive testing proved that the filter funnel walls can 
be rinsed with sterile water and eliminate the need for a 
different funnel for each sample. Several trials indicate 
that any number of samples, r~gardless of bacterial popu
lation, could be run through the same filter without af
fecting the total count of each sample. This -not only 
saves time but decreases the cost of operation and equip
ment. 

In addition to the above savings, the space required 
_ for incubation of samples and equipment for sterilization 

can be reduced by 50 percent. 
The greatest advantage for the membrane technique 

is that quality control laboratories can determine the 
Standard Plate Count of fluid milk before it moves into 
market channels. (20 hours). The present method would 
require holding the product for 48 hours before results 

are available is not practical. The technique can also be 
used to enumerate the coliform counts of milk, efficiency 
of equipment sanitation, total counts of fluid food addi
tives and many other techniques now used in the dairy 
industry. 

Project 37-lce Cream Quality as Influenced by 
Emulsifiers, Sweeteners, and the Development 
and Use of Dehydrated Ice Cream. 

W. H. E. REID, DEANs. SHELLEY, D . L. HERMAN, 

D. S. HOUNSCHELL, M. MISHRA 

Objectives: 

To determine the influence of certain factors on the flavor, 
body, texture, meltdown properties and comumer acceptance of 
the ice cream as influenced by the following factors: 

A. New types of sweeteners such as liquid sugars and 
syrups. 

B. The relation of super store environment to physical 
properties of the ice creams. 

C. Spray processed dehydrated ice cream mixes. 

A study was made of fourteen different strawberry 
ice creams to observe the relation between variable 
amounts of liquid sugar and high and low conversion 
liquid corn solids and methods of compounding, pro
cessing and freezing to the flavor, body, texture and 
meltdown properties of the ice creams subsequent to 
their exposure in ice cream cabinets in super market 
stores. Blending liquid sucrose with either high or low 
conversion corn syrup gave a strawberry ice cream with a 
desirable flavor, superior body, close texture and excellent 
miltdown qualities. 

A preliminary study was made of fourteen different 
chocolate ice creams to observe the relations of variable 
amounts of different kinds of sweeteners such as liquid 
sugar and corn syrup to the physical properties of the 
finished ice creams. This study suggests that the body, 
texture, mtltdown and consumer acceptance can be im
proved when these sweeteners are properly blended. 

Five different brands of dry ice cream inix and one 
brand of semi-solid mix were studied. The mixes were 
reconstituted, frozen and samples placed in cabinets of 
super market stores for varying periods of time. The 
flavor of the ice creams was similar to the flavor of the 
original mix. The body, texture and meltdown of the ice 
creams were satisfactory. The addition of different types 
of fruits and other flavoring material gave very satisfactory 
ice cream. 

It is apparent that the body, texture, meltdown and 
ability to resist heat shocking of strawberry and chocolate 
ice creams can be improved by the proper blending of 
liquid sugar and corn syrup solids. These improvements 
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should result in greater sales of these ice creams thereby 
utilizing larger volumes of milk and milk products. 

The potential use of dry ice cream mixes may pro
vide important economies in the procurement, processing 
and distribution of ice creams. 

Project 125-lnfluence of Climatic-Environmental 
Factors on Milk Production, Growth and Related 
Physiological Reactions 

A. c. RAGSDALE, H. D . JOHNSON, H . H . KIBLER, 

T. H. KAMAL, c. W. RICHARDSON 

Objectives: 

A. To study effects of the climate and environment 
(emphasis on temperature and humidity) on the physiological 
alterations occurring with changes in age and weight during 
growth and to establish the relationship of changing metaboli,·, 
endocrine and other functions and the efficiency of growth. 

B. Study the relationship of breed, age, and physical and 
physiological size to heat tolerance and the interrelationships 
among these factors and meat and milk production. 

C. More recently emphasis is on a study of the ejfects of. 
various combinations of temperature and humidity on mi/.k 

production and associated physiological and biochemical reac
tions of dairy cattle in various stages of lactation. (Note: the 
humidity and temperature physical relationship is very complex 
and the reactions of cattle to the various · combinations are even 
more complicaed-though physiologically very fascinating.) 

Research from this project these past several years 
has contributed immensely to the establishment of en
vironmental-climatic physiology on fundamental scientific 
basis. 

These studies have shown that popular U.S. breeds 
of cattle are definitely cold tolerant, and heat intolerant. 
Optimum productivity occurs in cattle at temperatures 
between 40° and 65°F. Results from the projects research 
will lead to the establishment of a productivity index for 
various breeds of cattle under differing climatic condi
tions (various combinations of temperature, humidity, 
wind, light, etc.) A "Productivity-Index" based on con
trolled fundamental physiological-biochemical measure
ments will provide a direct estimation or prediction of a 
cow's milk or meat potential at various production levels 
and climatic conditions. 

Our data suggests that most combinations of tem
perature (above 65°F dry bulb) and humidity tested thus 
far have depressive effects on milk volume and alter the 
salt balance ( ca, mg., P04 , and citric acid) total solids 
and other chemical factors in the milk. This chemical 
alteration may be of serious consequence in evaporated 
milk and cheese manufacture and thus a major problem 
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facing many farmers and milk producers. 
Studies on water metabolism of heifers indicate that 

inhibition of the pituitary anti-diuretic hormone and the 
adrenal mineralocorticoids is of physiological significance 
for increasing heat dissipation by the "drinking-urinary" 
heat conduction system. 

Wind experiments have shown that at 95 °F tem
perature, increasing the air velocity from 1h to 10 miles/ 
hour by means of a fan increased milk production. 

The studies on metabolism, thyroid P 3 1 activity, hair 
density, chemical factors in blood and urine, enzymes, 
etc. under climatic conditions have been made on cattle 
and laboratory animals of various breeds, ages, and stage 
of lactation. 

This information will enable breeders to not only 
select and produce superior cattle adapted to the various 
world climates, but provide a firm basis for scientific 
understanding of the involved physiological and meta
bolic phenomena in cattle. 

Project 55-Diet and Growth 

C. P. MERILAN, A. C. RAGSDALE, J. R. CAMPBELL, 

A. v. DAVIS, G . A . STEWART, H . S. PEET, 

L. R. RAINEY, H. A. BALL 

Objectives: 

To determine the influence of chemical and physical varia
tions in the diet on the growth, production, and efficiency of 
feed utilization by dairy animals. 

Studies on the efficiency of feed utilization by lactat
ing dairy cows are in progress. Environmental conditions 
to which the cows have been exposed range from 65 to 
90 oF and from 20 to 50 percent relative humidity. To 
date, approximately 900 fecal samples have been taken 
from the 12 cows. 850 of these have been processed and 
are ready for chemical analysis. Chromic oxide determina
tions have been made on 133 samples. 60 feed samples of 
the pelleted alfalfa and concentrate feeds have been pre
pared for chemical analysis. 

Sixty lactating dairy cows (30 Guerns.ey and 30 
Holstein) are being used to evaluate the effects of physi
cal form and energy level of concentrate feed on milk 
production, milk composition, concentrate and roughage 
consumption. Pelleted vs. fine ground meal concentrate 
are being compared in reversal trials, each of 5 weeks 
duration. Body weights of each animal have been taken 
at the beginning and end of each trial and to date ap
proximately 350 milk samples have been analyzed for 
butterfat, specific gravity and nitrogen content. Daily 
milk production records have been kept on all animals. 
Those studies are incomplete and no evaluation of data 
has been made. 



Project 246-Rumen Bacteriology 

c. P. MERILAN, K . W. BOWER, v. H. VIEBROCK, 

R. ]. WILSON 

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. 

Studies have been conducted on the potential use of 
ethylene oxide as a sterilizing agent for bacteriological 
media and feedstuffs, particularly grass and silage materi
als. One gram samples of sorgo silage and blue grass 
were exposed to various concentrations of liquid ethylene 
oxide for a period of three hours at 3 to 5° C. Under 
these conditions, 33 percent was the minimal liquid ethy
lene oxide concentration which would bring about com
plete sterilization. Complete sterilization of 6 Y.! gram 
samples of fresh blue grass was achieved by exposing the 
grass to pure ethylene oxide vapors for a period of several 
hours. Exposure of grass to a gaseous mixture of 10 per
cent ethylene oxide and 90 percent carbon dioxide for 
more than 60 minutes resulted in a progressive decrease 
in viable bacteria numbers with apparent sterility in 
those samples ~xposed to the gas mixture for 12 hours 
or longer. 

A strain of streptococci isolated from the bovine 
rumen was used to determine the possible application of 
the fluorescent antibody technique for selective identifi
cation of rumen organisms. The streptococci were grown 
anaerobically on the surface of a semisolid sodium 
thioglycollate medium using toxin flasks. After 48 hours 
the organisms were harvested in 2 percent formalin and 
used to prepare standard suspensions for injection into 
rabbits which showed no demonstrable antibodies for the 
streptococci. 

Three injections of the streptococci suspension were 
given during an 11 day period. Blood serum taken from· 
the rabbits 7 days after the last injection was found to 
contain antistrepotococcal antibodies with a titer of 1:640. 
The serum globulin was then conjugated with fluorescein 
isocyanate. Fluorescent microscopy indicated that the 
fluorescent labeled antisera was specific for the streptococ
cal strain used as the antigen. From the study it is con
cluded that this particular technique may be advantage
ously used in the identification of specific rumen micro
organisms even tho1;1gh they are present in mixed cul
tures such as a rumen fluid sample. 

In vivo and in vitro studies are i.n progress on the 
effect of quantity and temperature of water intake by 
dairy animals on the rumen temperature and rate of ru
men organismal activity. The intake of 20 liters of 40° 
F water has been found to depress the temperature in the 

lower portion of heifers' rumen to 70° F. Thirty to 45 
minutes after water intake the rumen temperature 
throughout the liquid phase approximated 95 ° F in con
trast to the normal rumen temperature of 103-104° F as 
measured by copper:constantan thermocouples. Multi
point temperature did not return to normal until a period 
of 5 to 8 hours had elapsed. As expected, smaller quanti
ties or warmer water resulted in smaller temperature de
pressions and faster return to the normal status. 

These studies are providing basic information which 
will help in developing (1) an improved forage feeding 
system for dairy cattle by minimizing spoilage; (2) im
proved rumen bacterial identification techniques; and 
determining the effect of physical environment on the 
activities of rumen microorganisms. 

Project 284-Quality and Milk Mark,eting 

]. E. EDMONDSON, K. L. SMITH, W. H. E. REID, 

G. E. HUSKEY, D. S. SHELLEY 

Objectives: 

To determine the nature, extent and cause of deteriora
tion in fluid and related products, the investigation will cover 
the product from the time it leaves the farm until it reaches 
the consumer. Marketing studies will be made of raw and 
pasteurized products with special emphasis on finished produas, 
sales in self-service display cases, retail delivery, bulk milk dis
pensers, package and bulk coin operated vending machines. 
Procurement and processing procedures as they influence the 
flavor, sanitary and keeping quality of the product in market 
channels will be included in these studies. 

Consumer preference studies on individual ice cream 
package size have been conducted over a 12 month peri
od. Using random sampling technique, 249 persons rep
resenting 75 families cooperated in the study. 

Each person or member of the family made a prefer
ence for a 3, 4, 5 or 6 ounce individual serving of ice 
cream. The population was tested three times, each repre
senting a cold, moderate and hot season of the year. 

Based on all trials, 69.2 percent of the group pre
ferred the five ounce serving. When the results were an
alyzed for different family sizes (2 to 7 persons), the pref
erence percentage for the larger sized serving decreased as 
the family size increased. 

Group data for boys and girls (19 years or less) 
showed a definite preference for larger servings of ice 
cream. The girls were the most consistent group studied 
in that the five ounce serving was preferred by 74 per
cent. In contrast 52 percent of the boys preferred the five 
ounce serving while others preferred larger samples. Most 
boys are uninhibited as to their eating habits, for 16 per-

51 



cent of the group indicated that the six ounce serving 
was not enough. 

The adult male preferences were equally divided be
tween four and five ounce servings. The adult female was 
most indefinite in exposing a preference for a certain size 
serving. Most women had fixed conceptions about weight 
control and ice cream and therefore social habits probably 
influenced the size of serving more than any other factor. 

For certain age groups within the study some inter
esting observations were made. The youngest group (1 to 
10 years) considered ice cream as a treat and were satisfied 
with any amount of ice cream. The oldest group (over 61 
years) are the most frequent users of ice cream yet they 
preferred the small three ounce serving. However this 
group probably had the highest total consumption of 
ice cream. All other age groups showed some similarity 
in that the larger servings of ice cream were preferred. 

Data. indicate that the consumer prefers the five 
ounce serving of ice creams. Such information will permit 
processors to standardize on this size and reduce cost of 
the finished ice cream. The consumer can buy prepackage 
ice cream as individual serving in quantity containers at 
lower cost. Such practice will further insure the consumer 
of high quality ice cream as only the desired number of 
indivi.dual servings need be removed at a time. This 
practice will prevent heat shocking and other quality 
deterioration. 

Project 200-Foremost Guernseys 

LAURENCE R. RAINEY, A. C. RAGSDALE, 

J. E. EDMONDSON, C. P. MERILAN, JOHN D. SIKES. 

Objeaives: 

A. To develop superior strains of Guernsey cattle ~y se
lection and breeding and to evaluate the merits of the line
breeding and brood cow family program used extensively in the 
Foremost Guernsey herd. Milk production, · breed type, size, 
longevity, and disease resistance are the principal characters 
measured and used in this study. The goal is to perpetuate the 
desirable characters known to exist in ihe present herd and to 
make further improvements by jroper selection and breeding 
techniques. 

B. To develop a balanced dairy farm enterprise using the 
61 0 acres available for the production of essentially all the 
pasture, hay and silage crops needed for the herd of near 300 
head of cattle, about half of which are producing cows. Spe
cial attention is given to good farm operational practices. The 
building lay-out planned for the purpose provides for the study 
of conventional and loose housing practices applicable to milk
ing cows, calves and young stock. 
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The linebreeding program followed, with major at
tention to brood cow families and outstanding sires, has 
resulted in a herd which averaged 9,216 lbs. milk, 4.6 
percent fat test, with 422 lbs. fat, 305-day, 2X, M. E., for 
126 cows completing records in the calendar year 1958. 
Total production for the year amounted to 1,193,375 lbs. 
milk, with 52,663 lbs. fat. 

A statistical analysis of the mild inbreeding (line
breeding) program, covering production records for 770 
cows over a 29-year period, shows no significant change, 
with inbreeding coefficients ranging from 0 to 30 percent 
and averaging 4 percent. Only eight animals had inbreed
ing coefficients over 13 percent. 

The observations of visiting Guernsey breeders seem 
to concur with our own that we have the best group of 
young animals (from 2 year olds on down through the 
babies) that we have had since the herd was established 
in Missouri. 

Currently a study is being made of blood antigens 
and blood composition in relation to milk production, 
reproduction, physical and physiological characteristics 
of animals in the herd. Another study in progress is an 
evaluation of the relative merits of pelleted vs. finely 
ground meal grain concentrates for milk production. 

Pasture, green chop, silage and hay studies have con
tributed to our knowledge of good roughage feeding 
practices and carrying capacity. 

Pasture available in 1958 included 40 acres permanent 
pasture (alfalfa, orchard grass, timothy and)adino-seed
ed in April, and 8 acres seeded in September); 35 acres 
of wheat sown in the fall of 1958; 28 acres of sudan; 35 
acres of barley sown on sudan; 50 acres alfalfa and alfalfa
brome used as .supplementary pasture in late August and 
September. 

Green chop-limited amounts of alfalfa and alfalfa
brome, oats, sweet clover used for short periods in June; 
corn and sorgo during dry weather in August and Sep
tember. 

Silage-1137 tons, green weight put in three upright 
and one large trench silo (included 342 tons corn and 
795 tons sorgo). 

Hay-231 tons alfalfa and 57 tons mixed hay were 
harvested. Hay conditioner was used on 57 tons of alfalfa. 

Public Relations: The farm continues to be of interest 
to a large number of people, evidenced by the fact that 
well over 2000 visited the farm in 1958. These included 
many judging teams, breeders from all over the country, 
FFA and 4-H groups, grade and high school groups as 
well .. as individual visitQrs. 



Entomology 
Philip C. Stone, Chairman 

Project 1 02-lnvestigations of the Biology and 
Control of Field Crop Insects Other than Corn In
sects with Special Emphasis on the Hessian Fly, 
Grasshoppers, Soil Insecticides and Primary Soy
bean Insects 

HARRY E. BROWN, PHILIP c. STONE, LEE JENKINS, 

LEONARD HASEMAN 

Objectives: 

A. To make careful studies of the life histories and sea
sonal abundance of the important insect pests of soybeans and 
determine population levels which justify insecticidal control. 

B. To apply soil insecticides to land before planting to 
soybeans for the purpose of controlling soil-infesting insects, 
including the bean leaf beetle. 

C. To make observations on soybean fields sprayed by 
farmers to determine the effect on both insect pests and insect 
parasites and predators. 

D. To do experimental spraying using the promising 
new insecticides for the control of the bean leaf beetle, the corn 
earworm, the clover leaf worm and other soybean pests that 
may be present in destructive numbers. 

E. Control of legume insects with insecticides. This ob
jective will concern itself with a study of the chemical control 
of the major legume insects, primarily grasshoppers, pea aphid, 
clover leaf weevil. Chlorinated hydrocarbons will be used but 
special emphasis will be given to the possible use of systemic 
insecticides (Systox) against pea aphid. 

F. Migration of the potato leafhopper and its causes. 
"The potato leafhopper is an economically important insect 
possessing migration habits typical of certain other destructive 
crop pests. The objective of these studies is to determine the 
source, paths and periodicities of migration of the leafhopper 
and its association with various ecological influences." The 
dates of first occurrence of migrants and:population density 
throughout the growing season will be stu'died. 

G. Seed treatment with soil insecticides. A study, pri
marily, of the effect on the germination of farm seeds of seed 
treatment applications of soil insecticides. 

H. Control of the Hessian fly with insecticides. Further 
investigations to follow up certain promising leads obtained 
in preliminary studies. Main emphasis will be placed on the 
use of systemics. . 

I. Soil insecticides on corn and small grains. Investiga
tion of the effect on stand, seedling growth and yield of ap
plications of inse!ticides as a soil treatment. . 

J. Insecticidal control of grasshoppers. A study of mini
mum dosages of certain insecticides to achieve control under 

Missouri conditions. 

This North Central States project continued to place 
major emphasis on the identification and characterization 
of the· migration of the potato leafhopper through a co
operative survey. In addition to the usual collecting 
activities, 15 air-sock traps were operated in the various 
areas involved in the migration of the potato leafhopper. 
Two of these traps were located in Missouri, one at Sike
ston and one at Columbia. 

The potato leafhopper followed the same migration 
pattern as in past years.. It is now becoming evident that 
the species overwinters for the most part in the lower 
Mississippi River delta and that the annual reinfestation 
of the North Central states comes from there. The first 
record for Missouri in 1958 was May 5 in the south
eastern part of the state. This occurrence coincided with 
a general migration which involved Kansas and Illinois 
as well as Missouri. 

During the 1958 season, several studies were carried 
out at Columbia to furnish information on the control 
of Hessian fly with insecticides. One study was carried 
out on the effect of thimet seed coatings on the germi
nation of wheat, several organic phosphate water-soluble 
systemic insecticides were screened as foliar sprays, yields 
were recorded from the 1957 control study plots, and 25 
field demonstrations in six west and west-central Mis
souri counties were planted in cooperation with inter-
ested farm operators. · 

While past work at the Missouri Station and else
where has indicated that thimet and other organic phos
phate insecticides are phytotoxic when applied as a slurry 
coating to seeds, good control of the Hessian fly has 
been obtained by this method, and a study of the pos
sibilities of seed coating was investigated further. 

An experiment was planned and carried out which 
involved the use of thimet adsorbed on two types of 
charcoal base, with and without Captan as a safener. All 
possible combinations of these materials were used ex
cept combinations lacking sticker as the sticker was in
dispensable and had to be included in every case in order 
to coat the seed satisfactorily. Thimet significantly lower
ed germination progressively over a period of time. The 
Captan safener, which may operate simply by protecting 
against the onset of rot organisms, partly removed the 
damage caused by thimet alone. 

In the field, treated seed has been completely un
predictable, some lots germinating well, others suffering 
heavy damage. 
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Three water soluble organic phosphate systemic in
secticides were tested in the greenhouse. Epidor wheat, 
which is very susceptible to Hessian fl y, was planted in 
standard greenhouse flats and subjected to a very heavy 
infestation of Hessian flies . At various stages of growth, 
the plants were sprayed with the phosphate insecticides 
under test. 

For screening pU:rposes, where only gross insecticidal 
activity is being detected, large applicnions of insecti
cides may be used. Once insecticidal activity is demon
strated , the minimal dosage levels may be determined. 
The materials in this test were applied at the rate of 4 
lbs. actual per acre. While some reduction in the Hessian 
fly population was observed, satisfactory control was not 
obt<Jined with any of the materials tested even at the 
high rates used. 

In the fall of 1958, farmer cooperators were obtained 
through the Extension Service in six western and west
central counties who agreed to plant two acre areas with 
treated fertilizer and similar areas with untreated fer
tilizer as close to three weeks before the " fly free date" 
as possible. Each cooperator was furnished with the neces
sary amount of 12-12-12 manufactured fertilizer. Thimet 
was applied at the rate of one lb. actual per acre. Twenty
five of these tests were put out and 14 returned informa
tion of importance. Of these, eight were put in correctly, 
that is the treated fertilizer was drilled in with the seed. 
The remaining six were applied as a broadcast treatment 
of some type. 

The average infestation for the 14 fields was 240 
maggots per 100 plants, and five of the fields ran over 
400 maggots per 100 plants. The tests were, therefore, con
ducted under very heavy infestation conditions. The 
eight fields that were properly treated showed an average 
reduction of maggot population of 92.6 percent; and six 
improperly treated reduced the population only 44.7 
percent. 

Project 36-Entomology Museum 

w. R. ENNS, H. E . BROWN, L. HASEMAN, P. c. STONE, 

c. W . WINGO, R. A. HART, F. E. WOOD 

Objectives: 

A . To expand, determine, and maintain the entomological 
research collections, and make them available for taxonomic 
research and reference. 

B. To devise, explore, and develop new techniques and 
methods of taxonomic research while proceeding along cur
rently accepted methods qf studying taxonomy, phylogeny, and 
distribution of arthropods. 

Additional progress has been made in incorporating 
the backlog of insects in storage into the active general 
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collection. Routine fumigation and maintenance work 
has been performed on schedule. 

Taxonomic research is currently in progress on 
Meloidae, Caeculidae, Gyrinidae, Curculionidae, and 
Reduviidae. 

A preliminary check list of the aphids of Missouri 
and their host plants has been published by Dr. M. D . 
Leonard of Washington, D . C. The list inc! udes 113 
species of aphids and 126 host plants. Many of the re
cords were contributed by the Museum personnel and 
others by the Survey entomologist. 

Professor]. W. McReynolds of Nevada, Missouri 
contributed a great number of insects to the collections 
not only from Missouri but also from the Belgian Congo. 
Mr. Roy R. Snelling of Turlock, California also aug
mented the collections with several hundred bees and 
wasps from various parts of the United States. 

A great deal of preliminary work has been done with 
electrophoretic separation of hemolymph proteins. This 
study is designed to explore the significance of these pro
teins as taxonomic characters. Although a very new tech
nique, this appears to constitute a very promising line 
of investigation and may have very broad implications. 
Present studies are concerned not only with the patterns 
obtained by electrophoresis but also with the identity of 
the proteins thus obtained. 

This type of taxonomy, frequently referred to as 
"physiological taxonomy" has several advantages as well 
as some disadvantages at least in the present state of our 
knowledge. Among the advantages may be cited the fact 
that such studies are performed on living insects which 
are not killed and may therefore be tapped repeatedly for 
blood. This enables studies to be made at successive in
tervals on individual insects and physiological changes, 
if any, due to varied diets, aging, irradiation, etc., which 
might be observed. However, being forced to work with 
live insetts is, at the same time, ~ great disadvantage be
cause this deprives the investigator of utilizing dry pin
ned insects in the museum collections. In addition, many 
insects are relatively short-lived or tend to become un
available during much of the year. This latter difficulty 
has been largely overcome by developing a technique 
of storing hemolymph in capillary tubes in a deep freeze 
or by quick-freezing entire individual insects. Studies on 
storage techniques are being continued. 

Five publications have been issued on this project 
during the year, one of which names and describes two 
species of blister beetles new to science, and another de
scribes a new species of rake-legged mite. 

Project 30-Furnishing Missouri Farmers with Time
ly Information on Insects and Their Control 

C. C. BLICKENSTAFF, H . E. BROWN, W. D. BucHANAN, 



W. R. ENNS, KEITH HARRENDORF, L. HASEMAN, 

LEE JENKINS, D. c. PETERS, P. c. STONE, 

G. w. THOMAS, c. w. WINGO 

Objectives: 

The supplying of accurate, timely insect information 
through insect surveys, personal visits, telephone messages, let
ters, bulletins, circulars, meetings, radio and television reports 
dealing with the identification, control, abundance or scarcity 
and distribution of the economically important insect pests of 
the state. 

During the year, the survey entomologists made 
weekly reports of the abundance and scarcity of the im
portant insects of the state. This information and that 
compiled from the research projects dealing with pests 
of specific crops or animals has been released to the pub
lic through Extension Service channels by means of 
weekly news-letters and releases, TV programs, letters, 
etc. This information has been compiled and is available 
for future studies of insect pests. Our research staff has 
been available throughout the year to help individuals 
or groups of individuals with all of the specific problems 
dealing with insect pests of crops, stored products, man, 
and animals. 

Project 31 -Investigations and Control of the Cod
ling Moth and Other Fruit and Vegetable Insects 

w. R. ENNS, L. HASEMAN, F. E. ST. AUBIN, 

F. E. WOOD 

Objectives: 

A. To develop a more efficient spray program for the 
control of insects and mites attacking tree fruits in Missouri. 

B. To develop an effective program to control insects and 
mites attacking small fruits in Missouri. 

C. To study the biology of the arthropod pests of vege
table crops in Missouri and develop better methods for their 
control. 

D. To study the residues of chemicals applied to fruits 
and vegetables under field and laboratory conditions. 

Tree fruits (apples) and small fruits (grapes) re
ceived special attention. The experiments on apples were 
concerned primarily with effects, if any, of various chemi
cals and combinations of chemicals on fruit finish and 
with residue analyses of insecticide Sevin at harvest time 
following full season use of the material. Comparative 
data obtained during the season revealed that Sev'in was 
more efficient and showed less phytotoxicity than Diazinon 
and that both Sevin and Diazinon were more effective in 
insect control than the standard DDT plus parathion 
combination. The latter combination caused an objec
tionable amount of russetting and lenticel enlargement 

on Golden Delicious apples and a roughening of finish 
on Lady apples. Two different formulations of Phosdrin 
(20 percent wettable and 5 percent wettable) were used 
on Golden Delicious, Jonathan, and Transparent apples 
in two different orchards for rosy apple aphid and red 
banded leaf roller control. Although good control of the 
insects cited was obtained, the experiment was abandoned 
after a single application because severe russetting of 
fruit became apparent and severe wilting and flagging 
of the leaves occurred. 

In another test, Mitox, an acaricide, gave season 
long control of European red mite on apples when ap
plied shortly after petal fall. 

Residue analyses of Sevin on Jonathan apples after 
full season use revealed a range of 0.02 ppm to 0.19 ppm 
as compared with 0.04 ppm on untreated apples. 

In other experiments, Guthion was found to be 
highly effective in controlling most of the insects and 
mites which attack apples but when used too early after 
blooming severe russetting occurred on the fruit. 

In cooperation with the Department of Horticulture, 
Dieldrin, Glyodin, and Karathane were evaluated on 
apples. None appeared to have phytotoxic effects when 
used as recommended but Glyodin was ineffective in 
controlling cedar rust on apples. Dieldrin was highly 
effective in controlling plum curculio on apples and Kara
thane was effective for apple mildew control. 

An extremely heavy and widespread infestation of 
grape mealybug in the Rolla-Rosati-Steelville area 
prompted experimental spraying on grapes with new 
spray materials. Malathion, Diazinon, and Sevin were 
evaluated and all proved to be effective in control. How
ever, the residual toxicity of Malathion is brief thus neces
sitating frequent spraying to obtain and maintain con
trol. The other two materials have much longer residual 
toxicity and would be preferable but do not yet have 
label registration and residue tolerances. 

Residue analyses of Sevin and of Diazinon on grapes 
were made. Results indicate that either material may 
safely be used on grapes to within two weeks of harvest. 

(Two circulars, one mimeographed form, and one 
popular magazine article were published in connection 
with this project during the year.) 

Project 46-Biological Investigations and Control 
of the Stable Fly, Horse Flies, and House Flies as 
Animal Pests. Investigation of Improved Methods 
of Control of Ticks, Mange Mites, Cattle Grubs and 
Screw Worms 

CURTIS W . WINGO 

Objectives: 

To evaluate and develop improped methods of use for new 
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chemical compounds and mixtures of compounds for the con
trol of livestock parasites and to determine the value of such 
control in terms of concrete benefits. 

Area treatment studies for Lone Star tick control 
were concluded during the 1958 season. Control afforded 
by 4 lbs. of DDT per acre applied April 1955 gave 94 
percent reduction of the tick in 1956; 21 percent reduc
tion in 1957, and 19 percent reduction in 1958. Dieldrin 
applied at 1 lb. per acre in 1957 gave 79 percent reduc
tion in 1957 but no reduction the following season of 
1958. This was probably due to the excessive rainfall in 
1958. 

Repellents tested for biting fly control on cattle in 
1958 failed to show greater control of horn and stable 
flies than the standard pyrethrins-plus-synergist sprays 
now recommended. 

A riumber of experimental compounds designed for 
repellent use were screened in the laboratory and field 
against horn flies, ticks and Drosophila. Three of these 
experimental compounds showed enough promise as re
pellents against Lone Star Ticks and house flies to war
rant future studies. 

Project 74-The Influence of the Different Elements 
and Plant Nutrients on the Well-Being and 
Fecundity of the House. Cricket and Other Insects 

PHILIP C. STONE, LEONARD HASEMAN 

Objectives: 

. To determine the · effect varying amounts of different 
soil minerals, minor elements and other nutrients, as laid down 
in plants, may have on the rate of growth, longevity and re
productive potential of the house cricket and other insects when 
fed upon growing plants or parts of plants. 

A year ago the greatest need in this project was to 
determine whether !i.was possioie tinder similar ecologi
cal conditions to rear house crickets of a uniform size in 
a definite period of time when fed a particular diet. To 
try to produce crickets of a uniform size, a search for 
parthenogenetic reproduction among the project cricket 
colony was begun and a program of inbreeding lines of 
the largest cdckets was initiated. In the parthenogenetic 
study only ope egg hatched from the thousands of un
fertilized eggs under observation. This nymph matured as 
an apparently normal female. It was isolated in an ovi
position jar and laid the normal number of eggs. None 
of the eggs hatched. The search for parthenogenetic re
production is continuing. 

The rather extensive rearing of crickets separately in 
individual jars in five experiments at a constant tempera
ture and relative humidity was carried out to learn more 
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about the variability of the size of crickets at 30 days of 
age and at maturity when fed identical and specific diets. 
Previously in 1957 the range in weights of individually 
reared crickets at 30 days of age on one diet which con
tained varying amounts of sodium was so great it was 
considered improper to publish the data until factors 
responsible for the variation were known. The same 
variation in size of 30 day old crickets had been noted in 
previous tests when crickets had been reared together in 
groups of five. However, cannibalism, competition, and 
non-uniform temperatures throughout rearing cabinets 
had been considered as possible factors responsible for 
the size variations ·of the crickets when reared together. 

The range of the weights of individually reared 
crickets in successive experiments when fed modified 
Universal diet ( 4 percent cholesterol) plus 20 percent 
cerophyl or fed Gaines pelleted dog food (homogenized) 
plus cerophyl was as great as revealed in the 1957 ex
periments. The range of individual weights was from 54 
to 302 milligrams at 30 days of age. These experiments . 
were so arranged that they proved the variation in size of 
individual crickets at 30 days of age in these tests could 
not be attributed to an uneven distribution of heat in the 
constant temperature cabinet or to cannibalism. 

A series of experiments followed in which the floor 
surfaces on which the crickets rested in individual rearing 
jars were varied, i.e., clean plastic floor, sterilized soil, 
fresh unsterilized soil, old (dry for one year) unsterilized 
soil, uncleaned floor surfaces made up of the above listed 
materials plus the excrement from a previous cricket oc
cupant. Crickets were fed identical diets and were weighed 
at 30 days and at maturity. The importance of germ free 
rearing of test insects was apparent throughout these ex
periments. 

Studies were started for determining the effect of 
various amounts of vertical resting surfaces and light and 
darkness on the survival of crickets living .under crowded 
conditions. 

As the effects of darkness, light, microorganisms, 
diseases, humidity, temperature, water, soil, age, crowd
ing, type of space, reproductive potential, eggs, etc. are 
studied in relation to diet, this little insect becomes a 
fascinating laboratory animal. Approximately 3,000 
crickets were hatched daily in the stock cultures. 17,085 
ci:lckets were reared in these tests exclusive of the thou
sands of offspring produced and weighed in the develop
ment of a more uniform cricket. 

Project 214-lnsects of Cotton in the Cotton Grow
ing Section of Missouri · · 

KEITH HARRENDORF, DONALD R. FOSTER 

Objectives.: 



. A. To develop criteria for timing of insecticidal applica-
trons for the control of cotton insect pests. 

B. To apply soil insecticides to land that will be planted 
to cotton for the purpose of controlling soil infesting pests and 
determining the effects on plants. 

C._ To make o~servations of ecolog~cal factors influencing 
cotton znsect pests wtth regards to parasttes, predators, climatic 
factors, control measures, etc., which may affect their seasonal 
abundance. 

D. To evaluate insecticides and miticides for the control 
of cotton insects. 

Two systemic insecticides, thl.met and Di-Syston 

v.:ere compared alone and in combination with the fungi

Clde,. Captan, for the control of thrips and aphids on 

seedlmg cotton. Both insecticides reduced stands, how

ever, the addition of Captan lessened this reduction and 

resulted in stands comparable to the check. 
Insect populations in sprayed and unsprayed plots at 

three fertilizer levels were studied. The mean seasonal in

festation of bollworms, aphids, mirids and beneficial in

sects did not differ significantly among the fertilizer treat

ments under the climatic conditions of 1958. Bollworm 

egg counts were higher in the sprayed plots than in their 

unsprayed counterparts. Bollworm laryal counts were 

higher in the unsprayed plots than in their sprayed 

counterparts. Total yield was significantly higher in the 

sprayed plots than in unsprayed plots for all fertilizer 
treatments. 

Eight insecticides now commonly used for cotton 

insect control were compared to determine the effects of 

these materials on the cotton plant, when used continu

ously throughout the season on a five day schedule. Re

sults indicated no abnormal effects that could be attri

buted directly to the insecticides, with the exception, that 

at one location calcium arsenate dust resulted in a sig

nificant reduction in plant height. 
Boll weevil survival in hibernation cages at Malden, 

Bucoda (2), Sikeston and Cline's Island was negative. No 

live weevils were recovered from the cages in the spring 

of 1958. Hibernation cages were placed at Sikeston, Mal

den, Bucoda and Campbell in the fall of 1958. Two hun

dred and fifty field collected weevils were placed in each 

cage. Spring counts again showed no survival, indicating 

winter survival under Missouri conditions to be very low. 

A cooperative project with the Texas Agricultural 

Experiment Station has shown ~hat Missouri boll weevils 

are not resistant to the chlorinated hydrocarbon insecti

cides at present. Tests using field collected weevils from 

Missouri have shown them to be very susceptible to the 

chlorinated hydrocarbons when used at the recommended 

dosages. 

Project 269-Corn Insects with Special Emphasis 

on Soil lnsectsr the Corn Earworm, the South

western Corn Borer, and Occasional Pests 

P. C. STONE, HARRY E. BROWN, DoN C. PETERS, 

LEONARD HASEMAN, R. D. JACKSON, 

C. A. KousKOLEKAS 

Objectives: 

A. An evaluation study of the importance of soil insects 
and arthropods on corn in Missouri with special emphasis on 
the distribution, life cycle, and destructiveness of wireworms, 

rootworms, cutworms, flea beetles, mites, Collembola and other 
small arthropods. 

B. A search for corn plasm resistant to Southwestern 
corn borer. This objective will have two main phases: (1) to 

locate and isolate germ plasm carrying resistance to the South
western corn borer and (2) to make such germ plasm available 
to corn breeders. 

C. Breeding field corn for resistance to corn earworm. 
This is a continuation of work now underway to determine 

the nature of the mechanism of resistance to corn earworm 
exhibited by certain corn lines. A major part of this objective 

will be an effort to isolate high resistant plasm for use by 
corn breeders in Missouri adapted hybrids. 

D. Uniform National Insecticide Control Test on corn 
earworm. A uniform test to determine the proper timing of 

sprays aimed at controlling corn earworm in sweet corn and 

field corn. Information of interest and value to growers of in
bred and single cross seed should be obtained. 

E. Studies of the biology and control of occasional pests 

of corn that have not been of importance during recent years. 
F. Collection and study of parasites of the European corn 

borer. This is a continuation of the investigation of the spread 
and establishment of insect parasites of the corn borer intro

duced into Missouri by this department in cooperation with 
the U.S.D.A. 

G. An evaluation of insecticide control of the European 

corn borer on early, mid-season and late planted corn by using 
well-timed sprays in relation to the borer development. 

H. Collection of data to determine the actual reduction 

in yield of corn in Missouri brought about by our typical low 
infestations of first and second generation borers. 

A study was conducted to determine if there was any 

reduction in adult corn rootworm populations when corn 

was treated with granular insecticides for European corn 

borer control. One application was made to corn in the 

late silk stage at the time corn rootworms were most 

abundant and another application was made to corn just 

coming into silking. Neither of these tests showed a sig

nificant reduction in the rootworm population. 

Studies were initiated to determine the effect of vari

ous gallonages of spray solution on corn earworm con-
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trol. The effect of spray pressures was also investigated. 
DDT at the rate of two pounds per acre as an emulsifi
able concentrate was applied in all cases. There was no 
significant difference between the control obtained with 
30, 60, 70, and 140 gallons of spray applied with pres
sures ranging from 100 to 250 pounds per square inch. 
However, all treatments gave a significant reduction in 
the number of earworms. 

A preliminary investigation to determine the effec
tiveness of repellents for corn earworm control was con
ducted on the Entomology Farm at Columbia. Delphene 
and Tabutrex were applied at the rate of one tablespoon 
to one gallon of water. These materials were applied 
separately and also in combination with DDT. There was 
some indication that both Delphene and Tabutrex in
creased the corn earworm control. However, the differ
ence between the number of earworms in the Tabutrex 
and Delphene treated plots and the check plot was not 
significant. 

A surface application of Topkote 77 was applied to 
shelled corn on the John Williamson farm on September 
5. The bin contained infestations of Angoumois grain 
moths, Indian meal moths, lesser meal worms, red flour 
beetles and saw-toothed grain beetles. Samples of the 
treated corn were taken September 12 and October 11. 
The number of insects found in these samples indicated 
that treatment was effective for one month but that 
further storage would have necessitated additional insect 
control measures. 

On May 1 samples were taken near Marshall, Mis
souri of corn that had been treated with various formula
tions of Malathion. One bin had been treated with Mala
thion dust, a second bin with one pint of Premium Grade 
Malathion per 1,000 bushels and a third bin was treated 
with one pint of Premium Grade Malathion in carbon 
tetrac~oride. A fourth bin had not h_een treated with any 
insecticide. Insect counts made May 6 in the samples 
taken May 1 resulted in no insects being found in any of 
the samples. On July 18 additional samples were taken 
from the bin treated with one pint of Premium Grade 
Malathion and the untreated control bin. Insect counts 
were made in these samples at four successive intervals 
through August 25. The cumulative number of moths 
per gram of shelled corn by August 25 was .54 for the 
untreated bin as compared to .04 for the treated bin. Two 
hundred and fifty kernels were counted out and weighed 
from the treated and untreated bins. The results of these 
weights indicated that the treated corn weighed approxi
mately 7 percent more than the untreated corn. 

A study was conducted to determine the effect of 
various insecticide treatments on cloth bags of different 
types for control of stored product insects. Closely woven 
and loosely woven Osnaburg bags were treated by dip-
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ping in solutions containing 5 percent DDT, 0.2 percent 
pyrethrins, 3 percent Ryania, 5 percent methoxychlor, and 
0.25 percent rotenone. Commercial flour sample bags 
were treated in like manner at half the previous concen
trations and used in later tests. All of the insecticides 
used appear to be effective in reducing the total number 
of insects that infested these bags. The closely woven 
bags appeared to be an important factor in control of in
festation in that not nearly as many insects were able to 
penetrate the closely woven bags as were able to pene
trate the loosely woven control bags. Apparently the 
commercial flour bags are the most readily penetrated. 

As "on the farm" drying of corn is becoming a more 
general practice, a preliminary study was initiated to study 
the effects of heated air drying on Angoumois grain 
moth. Twelve paired samples of dried and undried corn 
and eig~t paired samples of dried and undried milo were 
collected near Boonville, Missouri during the fall of1957. 
The number of Angoumois moths which emerged over a 
period of 60 days were counted for each sample. Fewer 
moths emerged from the dried corn and milo than from 
the paired undried samples. 

Ears of corn with high amylose content and ears of 
corn with normal amylose content were each artificially 
infested with Angoumois grain moth. The high amylose 
corn was not as readily attacked as the normal corn. An
other test with ears of corn of known amylose content 
ranging from 0 to 53.7 percent indicated increased length 
of development and fewer moths emerging as the amylose 
content deviated to either side of the normal 26 percent. 

In the fall of 195 7, 1,564 European corn borer larvae 
were sent to the European Corn Borer Laboratory for 
parasite recovery. The onl¥ paJ;asite species recovered was 
Lydella grisencens. The percent of parasitization for the 
state as a whole was 12.9 percent. There was a definite 
increase in percent of parasitization from north to south 
in the state. 

A number of experiments were conducted in 1958 
in which various insecticides and formulations were com
pared for European corn borer control. When applied by 
airplane, granular DDT and endrin as a spray gave better 
control than DDT spray. Granular endrin, heptachlor 
_and toxaphene gave control equal to or better than DDT 
which is most commonly used. Dieldrin and aldrin were 
also quite effective but their use will depend upon ob
taining an acceptable label. 

Several different corn lines were planted at Sikeston 
on April 30, 1958. Missouri 61018 (crinkly leaf) was the 
most susceptible line in regard to total egg masses, larvae, 
and tunnels. There appears to be some association be
tween the crinkly leaf character and egg deposition. L317 
proved to be next in order of susceptibility along with 
Mo. 1190w. 



European corn borer moths were caged in a series of 
cages to determine the actual number of generations in 
Missouri. Three generations were definitely observed. 
However, 1958 was a cool season, so the maximum num
ber of generations may not have been achieved. 

Project 270-The European Corn Borer with Special 
Emphasis on the Biology, Parasite, and Chemical 
Control and Importance of the Pest in Missouri 

DON c. PETERS, PHILIP c. STONE, ROBERT D. JACKSON, 
DONALD SHORT 

Objective: 

Follow the annual changes in abundance of the corn 
borer in· Missouri and compare these changes with those found 
in other states and to study the influence of the weather condi
tions, the biotic controlling factors, and soil management or 
borer populations. (This objective will consist primarily of Phase 
2 of Regional Project NC-20, "Factors Influencing European 
Corn Borer Populations," a long period annual census of corn 
borer populations.) 

The cooperative corn borer survey was again con
ducted in New Madrid and Carroll Counties in much the 
same manner as in previous years. The number of co
operators in New Madrid County was increased to the 
desired number of 24. 

Each cooperator's field was visited during the first 
two weeks of June and the number of egg masses and 
the number of plants showing leaf damage in three 10-
plant samples were recorded. Another egg mass survey 
was made the second week in August. 

The overwintering borer population in 1957-58 was 
the highest ever recorded in Carroll County. Variations 
in the population throughout the county were due main
ly to a wet fall and spring, causing a delay in harvesting 
and stalk destruction. 

The overwintering population in New Madrid was 
very low due to agronomic practices of the area and a 
high parasite population. Due to excessive rainfall in 
March and April, corn was not pl;mted until mid-April. 
Only a few fields were planted early enough to attract 
oviposition from the surviving borer population. 

Project 283-lnvestigations of Plant and Animal 
Tolerance to Soil Insecticide and their Accumula
tion and Decomposition in Soils 

CuRTIS W. WINGO, HARRY E. BRowN 

Objectives: 

A. To determine the rate of insecticidal accumulation in 
soils under conditions of normal usage. 

B. To determine plant and animal tolerance for varying 

degrees of soil contamination. 
C. . To determine the rate of insecticidal decomposition in 

a four-year rotation in soils following initial applications at 
normal and excessive rates. 

The second crops of soybeans and corn were planted 
in the treatment areas for measurement of plant toler
ances to Dieldrin and Heptachlor in these soils. No toxic 
effects were observed or measured on soybeans and no 
reductions in yields were found this second year after ap
plication of Dieldrin and Heptachlor at 10 lbs./acre and 
100 lbs./acre. Corn again showed some apparent visible 
injury, but growth curves recorded to tasseling date did 
not indicate the marked injury of 1957. Corn yields were 
significantly reduced in the areas treated with: Heptachlor 
at 10 and 100 lbs./acre and Dieldrin at 10 and 100 
lbs./acre. The highest reduction in corn yield was 14.4 
bu./acre in the soil receiving 100 lbs. of Heptachlor per 
acre in June of 1957. 

Soil samples from all treated and check areas were 
analyzed by bio-assay and chemical analysis to determine 
residues of Dieldrin and Heptachlor remaining in the 
soil after one year. From 20 to 36 percent of the Hep
tachlor was found to remain in the soils treated at the 10 
lbs./acre rates and 34-55 percent in the soils treated at 
the 100 lbs./acre rates. Soils treated at 10 lbs./acre with 
Dieldrin contained from 27-59 percent of the compound. 
Approximately 75 percent of the Dieldrin applied at the 
100 lb. rate remained after one year. 

Project 309-The Spotted Alfalfa Aphid 

DON C. PETERS, R . D. JACKSON 

Objectives: 

A . To study the biology and ecology of the spotted alfalfa 
aphid under Missouri conditions. 

B. To determine the nature and extent of damage to 
alfalfa by the spotted alfalfa aphid under Missouri conditions. 

C. To develop control measures for the aphid, including 
more effective insecticides, value of flaming and cultural meth
ods, and the use of biological agents. 

The systematic samplings begun in 1957 on the three 
varieties of alfalfa, Buffalo, Vernal and Lahontan, were 
continued at varying intervals throughout the past year. 
A few aphids were found in May and again in the months 
of September, October and November but none were 
found during the rest of the year. The area around the 
plots was flooded twice during the summer of 1958. 

General observations of alfalfa fields over the state 
were largely negative. In late August infestations of over 
50 aphids per sweep were found in an isolated creek bot
tom in the central Ozarks but subsequent heavy rains 
apparently eliminated this population. 
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Three samples of wasps were sent to the National 
Museum for identification. None of the samples were 
identified as known aphid parasites. 

Project 312-Nematodes of Missouri and Their 
Relation to the Agriculture of the State 

LEE JENKINS, GORDON E. MOORE, ARMON ]. KEASTER 

Objectives: 

A. Determine the kinds and prevalence of nematodes of 
economic importance in Missouri. 

B. Investigate the importance of the presence of different 
kinds of nematodes in relation to crop production. 

C. Test promising chemical and physical methods for the 
control of injurious nematodes. 

D. Study the relationship between various types of organic 
materials in the soil and nematode injury to crops and the in
fluence of soil types and previous cropping history on nematode 
abt~ndance. 

E. Cooperate with plant breeders and others in obtaining 
selected crop varieties that show tolerance or resistance to nema
tode injury and in determining the susceptibility of other host 
plants to nematodes. 

F. Demomtrate experimentally the hitherto generally un
recognized losses due to nematode attacks. 

The nematode known as DD-136 was tested as a 
parasite to cont;"Ol cabbage loopers, corn earworms, house 
crickets and white grubs. As high as 80 percent of the 
cabbage loopers were killed under favorable conditions 
of temperature and humidity. The nematodes required 
moist conditions to enable· them to find and enter a host. 
Under average field conditions this nematode soon dries 
out and becomes inactive, thus limiting its practical use 
as an important control for insects under outdoor con
ditions. 

Experimental results indicate · that cotton can be 
grown successfully on land where there is a severe nema
tode fusarium complex. This can be done by the use of a 
resistant variety or by the use of a susceptible variety and 
a soil fumigant. 

The use of ;.2 gallon of Nemagon or Fumazone per 
acre as a row treatment increased the yield of cabbage 31 
percent, sweet corn 18 percent, and tomatoes 17 percent. 
The above chemica] used at one quart per acre on musk
melons increased the yield 39 percent over the untreated 
check. 

Nemagon or Fumazone at ;.2 gallon per acre as a 
row treatment reduced the yield of sweet potatoes 20 
percent and peppers 14 percent. The fumigant had a 
toxic effect upon the plants. 

Promising results were obtained by the use of a 
chemical dip for the control of root knot nematodes on 
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bare root nursery stock. 
Soybean varieties1 exhibited a wide range in toler

ance or resistance to root knot nematodes. The Scott 
variety was reduced 15 bushels per acre by root knot 
nematodes as compared to Anderson which was only re
duced .5 bushel per acre. 
1 Work in cboperation with Dr. Leonard Williams, Mr. Arnold Marson and 
Dr. Marvin Whitehead. 

Project 321-The Biology and Control of Carpenter
worms and Associated Borers in Missouri 

W. R. ENNS, A. M. RIVAS 

Objectives: 

To study the biology, taxonomy, ecology and control 
of carpenterworms and associated borers and evaluate their 
importance as enemies of hardwoods in Missouri. 

Studies in six sawmills revealed a monetary loss of a 
little more than ten percent of the 8,107.8 board feet of 
lumber examined. This loss figure was calculated by first 
grading the boards from 20 randomly selected black oak 
and red oak logs as they actually came from the saw 
and secondly by regrading them as they would have been 
had no insect damage been present. This figure does not 
include degrading due to associated rots and stains since 
they are not caused directly by insects. 

Considerable variation occurred in two different 
groups of logs at two different mills. Professional lum
ber graders at these mills graded nearly 100 logs each at 
his respective mill. At one mill the logs were, in the 
judgment of the grader, "just a little worse than usual" 
and of the 750 board feet he graded approximately $25.00 
was deducted as due to insect damage. 

At the second mill, a monetary loss of less than one 
dollar was suffered on 460 board feet of lumber. The 
grader at this mill judged the lot as "unusually fine ma
terial." 

By means of questionnaires and personal interviews, 
most loggers and sawmill operators in the state were 
contacted and questioned as to their estimates and records 
of losses due to boring insects. A fairly consistent esti
mate ranging from 25 percent to 33 ~ percent damage 
was obtained. 

Blaze plot studies revealed that trees largest in di
ameter and the blazes highest from the ground were 
most heavily infested. However, there was no progressive 
increase in infestation from low to high blazes or from 
small to large diameter trees. 

Poison plot tests using systemic insecticides were 
established in two areas of the state. Granular and liquid 
Thimet, di-syston, and systox were used in the tests. All 



treatments were applied to the ground rather than to the 
foli:1ge. Twenty plots 1

/ 40 th acre in size, with the count 
tree in the center were treated with various concentra
tions of the different materials. Three weeks after treat
ment the trees were felled, split, and checked for the con
dition of the insects within them. In every case, the 
larvae and adults found within the trees, on the foliage, 
and on the branches appeared to be unharmed. Two trees 
that had been infested were found to have the larvae 
missing but whet~er the larvae had moved because of 
the poison or because of some other factor or factors was 
not determinable. Samples of wood from the poisoned 
trees were submitted for analysis to the manufacturer of 
the insecticides. Results are not available at this time. 

In additional studies, it was found that adult carpen
terworm moths emerge from early May to the latter 
part of July. Peak of emergence is during June and the 
early part of July. 

One publication was issued during the year which 
describes a new technique for rea ~ing larvae in an arti
ficial cage containing an agar-sawdust medium. 

This project is supported by a grant-in-aid from the 
United States Forest Service. · 

Project 369-lnvestigations of the Biology and 
Control of Legume and Grass Insects Including 
Grasshoppers, Stink Bugs, Soil Insects, and 
Occasional Pests 

C. C. BLICKENSTAFF 

Objectives: 

A. To apply new insecticides on forage and legume crops 
for the control of insects with emphasis on grasshopper control 
on forage and row crops and important pests of soybeans. 

B. To determine the residual life of new insecticides in 
various formulations as used for grasshopper control. 

C. To study the biology and ecology, and evaluate the 
damage caused by important pests of legume and grass crops. 
Emphasis will be placed on stink bugs, lygus 'bugs, bean leaf 
beetles, and soil insects affecting soybeans to determine the popu
lation levels which justify insecticidal control. 

D. To evaluate soybean breeding material for plant re
sistance to important insect pests. 

Insecticide Residues on Pasture: Three insecticides which 
were thought to have possibilities for control of grass
hoppers on pasture and range land were applied as sprays 
to plots of a mixed fescue-lespedeza pasture at Columbia 
in August, 1958. Forage samples were taken at intervals 
to determine the rate of disappearance of the residues. 
These were analyzed by the USDA Pesticide Chemicals 
Laboratory at Vincennes, Indiana. The materials and their 
rates of application in pounds of active ingredient per 
acre were: Guthion 0.8, Sevin 0.7, and Diazinon 0.4. The 
amounts of residue found are given below: 

In the event that current grasshopper control meas
ures are considered too hazardous to the health of man 
and animals, these data will aid in determining the rela
tive safety of the respective materials. 

Collection of Insects of Grasses and Legumes: Collections 
were made by sweeping with a net in fields of soybeans, 
alfalfa, red clover, fescue, and bluegrass near Columbia at 
two-week intervals from July 22 to October 23, 1958. 
The material was separated by species, counted, and rep
resentatives pinned. The pinned material is being identi
fied by the U. S. National Museum. Although it will be 
some time before all identifications are completed, it is 
estimated that 200 species were collected from soybeans 
alone, and 500 from grass and fescue mixtures. 

These collections form the basis for a reference 
collection to the pests of these crops. Relatively 
little information is available on the occurrence of soybean 

. insects particularly, and collection data should give us an 
indication of their relative abundance and importance. 

Insects Caged on Soybeans: Five species of Hemiptera 
were collected in soybean fields and caged over soybean 
plants in full bloom. Two of these (the large green stink 
bug, and the brown stink bug) caused damage by pierc
ing the pods and feeding on the developing seed. In this 
preliminary test, the lygus bug and the rapid plant bug 
caused no damage. 

Attempts to rear several species of stink bugs and 
the lygus bug in the laboratory during winter months 
were partially successful. Excapt for the green stink bug, 
all species were reared through three or more generations 
on fresh green beans and lettuce. It appears that the 
lygus bug, with a short life cycle of about one month, 
could be readily maintained and utilized for laboratory 
tests during the winter months. 

61 



Field Crops 
E. L. Pinnell, Chairman 

Project 202-lmprovement of Soft Red Winter 
Wheat 

J. M. POEHLMAN, CARL HAYWA!D, CHARLES HAYWARD, 

ARNOLD MATSON, DALE SECHLER 

Objective: 

To breed varieties of soft red winter wheat for Missouri. 

Breeding work is being concentrated on the develop
ment of short, early, stiff-strawed varieties of soft red 
winter wheat with resistance to leaf rust, loose smut and 
Hessian fly. Strains with unusual promise include W6448, 
Pawnee x Trumbull-W38-Fultz-Hungarian and W6687 , 
W6703, and W6996 from the cross Kawvale-Marquillo
Clarkan x C. I. 12,750. C. I. 12,750 is a sister selection 
of Dual, a high yielding, fly-resistant variety of soft 
wheat. 

Two sources of breeding materials are being used 
in the search for shorter wheat varieties. Crosses were 
made earlier to Norin 66, a variety introduced from 
Japan, many of the selections from those crosses were 
partially sterile and considerable outcrossing occurred. 
Two short, early uniform selections were then used for 
a second round of crosses to adapted strains and varieties. 
The first selections from the latter crosses were made in 
1958. 

Crosses to obtain short, stiff straw have also been 
made with the variety Etoile de Choisy, an introduction 
from France. From these crosses selections are being made 
and evaluated for straw stiffness. Several apparent muta
tions have been found in the progenies including several 
dwarfs with dense head types. One dwarf, with normal 
spike characteristic, has been found and has been used 
in additional crosses. 

Four vigorous, high yielding soft wheat strains were 
irradiated with x-rays and two doses of thermal neutrons 
in 1955. The primary purpose was to see if shorter 
strawed, high-yielding strains could be obtained follow
ing -:irradiation. Various · mutations have been observed, 
the most frequent being speltoids, dense heads, lax heads, 
and variations in straw height and stiffness. Varying de
grees of sterility were observed with many of the muta
tions. Forty-two promising R 3 strains were planted in a 
yield test in the fall of 1958. 

Yield tests of advanced experimental strains and 
commercial varieties were conducted at Columbia, Beth
any, Marshall, Pierce City and Sikeston. Disease nurseries 
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in which a leaf rust epiphytotic was established by artifi
cial inoculation were grown at Columbia. Mildew and 
loose smut observations were made from natural infesta
tion. A Hessian fly nursery is maintained at Columbia in 
which strains are tested for resistance to fly. 

Knox, Vermillion, and Dual varieties of soft wheat, 
and Pawnee, Ponca, and Triumph varieties of hard wheat 
are recommended for use in Missouri. 

This project is cooperative with the wheat project 
of the United States Department of Agriculture. 

Project 331-Mutation Studies in Arabidopsis 
Thaliana 

GYORGY REDEl 

Objectives: 

Arabidopis thaliana (ln = 5) is a small size mustard
like herb. Under suitable conditions 8-10 generations can be 
raised in a year. It does not have any economic value as such, 
but a.r an experimental tool it makes possible the study of 
problems that are not amenable at all to any crop plants or 
just with special, time-consuming, and expensive experimental 
procedures. It is a new organism in genetic research. 

All characters of living organisms are somehow 
under genic control and still very little is known about 
how the genes carry out their functions leading to the 
appearance of plants we are accustomed to see. By ioniz
ing radiation and genes may be irreversibly incapacitated 
in normal function and this causes different physiological 
disturbances and/or lethality. Studies are underway to 
establish how the mutated genes interfere with normal 
metabolic pathways that result in clues about gene action 
and normal metabolism. Mutant plants which died under 
normal growing conditions successfully developed to the 
flowering stage when supplemented with various organic 
substances under aseptic conditions. The fact that mutant 
plants completely free from the major plant pigments 
(albina) when fed with artificial nutrients were just as 
receptive to photoperiodic induction as normal plants 
helps to clear the role of pigments in this phenomenon. 

There are two major hypotheses concerning the ge
netic mechanism of hybrid vigor: dominance and over
dominance. From the breeder's standpoint, each has dif
ferent consequences. Experiments with two loci carried 
out thus far yielded evidence that overdominance type 
gene action may contribute a definite effect. Current views 



in literature favor the dominance theory. 
It is a postulate that advantageous mutations are of 

basic importance in the evolutionary process, but muta
tions encountered under experimental conditions are gen
erally deleterious. In Arabidopsis several X-ray mutants 
were obtained in this laboratory with supervital charac
ters. In one locus (in the fourth linkage group) three 
different alleles control such a character. Under experi
mental conditions simulating long-day environment espe
cially one of the mutant alleles showed such an unex
pected selective advantage that in a highly competitive 
population the wild allele got practically completely 
eliminated during a twelve month culture. 

Project 19-Seed Improvement 

L. E. CAVANAH, W. E. ASLIN, F. E. FORSYTH, 

VIOLA STANWAY, CARL HAYWARD, E. L. PINNELL 

Certified Seed Production and Distribution 

Record yields were obtained from seed production 
fields during 1958. Certification was requested on 20,010 
acres, by 241 farmer seed growers. The seed fields were 
thoroughly examined for their general purity, healthful
ness, and freedom from objectionable weeds. 223,099 
bushels of small grain, 138,000 bushels of corn, sorghum 
and soybeans, 131,600 pounds of grasses and 1,000 tons 
of cotton seed were harvested from these fields and were 
later tested by the Seed Testing Laboratory for their 
germination and detail purity. There was sufficient seed 
to plant 565,440 acres at an estimated value of $1,288,975.00 

Sufficient seed stocks were increased on contracted 
acres for distribution and further increase by Association 
members to maintain this acreage of Certified Seed. In 
this acreage were two new spring oat varieties, three 
new soybean varieties, a new cotton variety, and a new 
variety of orchardgrass recently released by plant breeders. 

Seed Testing Laboratory 

In 1958, 7,829 tests were conducted on 2,786 seed 
samples. The seed was from all Field Crops produced in 
Missouri, including seeds from plant breeding ma
terial. A large part of these tests consisted of the derailed 
tests necessary in the certification program. Further rests 
were conducted for farmers, county extension agents, and 
others who teach and . demonstrate the value of high 
quality seed. 

A study was undertaken to determine if sorghum 
seed could be given optimum conditions for maximum 
germination without the usual prechilling period which 
also caused an unn.ecessary delay in time of germination. 
The results of this study not only showed that maxi
mum germination <;ould be obtained but the germination 

was significantly higher. It was concluded, however, that 
immature freshly harvested seed may need to be pre
chilled. 

Preliminary studies were begun on soybean seed 
quality. There was little difference in the germination as 
the seed dried from 18 percent to 10.5 percent moisture. 
But after the beans were exposed co weathering condi
tions thirty days after normal harvest rime, germinations 
were reduced from 10 percent to 20 percent although the 
moisture was greater than 10.5 percent. The disease, 
purple stain , was the most prevalent disease found on 
the seeds but had little to no effect on the germination. 

Sorghum Testing 

Again the cooperative Regional grain sorghum yield 
test and observation nursery was conducted at Columbia. 
There were 30 hybrids and varieties included in the yield 
test. They were compared agronomically with the Martin 
variety, the most desirable variety throughout the 
Sorghum Belt. All of the hybrids our-yielded the Martin 
variety with the highest yielding hybrid averaging 111 
bushels per acre. Many hybrids, however, did not possess 
desirable agronomic characteristics for Missouri condi
tions. 

In addition to the yield rest, 38 experimental hybrids 
were observed for their plant characteristics and further 
usefulness throughout the sorghum growing region. 

A study was made of the influence of dates and races 
of planting upon certain agronomic characters of two 
grain sorghums (Westland and R.S. 610). 

Plantings made in May in 1958 yielded slightly more 
than plantings made in mid June and lace June. Al
though the May plantings emerged more slowly than 
the June and July plantings and required more days to 
reach blooming they matured more rapidly as judged by 
dry matter accumulation from blooming co physiological 
maturity (the point of reaching maximum dry matter in 
the head). 

In spacings of 4, 5, 6, 8, and 12 inches between 
plants within 38 inch · rows the closer spacings tillered 
less, had fewer side branches, were taller, and showed 
more head exsertion. Highest yields were obtained in the 
4 to 6 inches spacings at all dates. 

Physiological maturity was reached at 35 to 40 days 
after blooming depending on the date of planting. 

Project 1 27 -A Study of the Diseases of Field 
Crops of Missouri 

MARVIN D. WHITEHEAD, OSCAR H. CALVERT, 

LEONARD F. WILLIAMS, ]. M. POEHLMAN, 

MARCUS S. ZUBER, JOE D. BALDRIDGE 

Objectives: 
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A. To determine the diseases of economic importance to 
field crops of Missouri and to describe those found to be new. 

B. To make crop yield loss estimates due to diseases of 
field crops in Missouri. 

C. To determine the resistance rating of present breed
ing lines, hybrids and varieties to the common diseases of field 
crops concerned, to search for high types of resistance and to 
cooperate with the plant breeders in the development of new, 
more disease resistant varieties. 

D. To determine the optimum and limiting environ
mental factors for disease development and to search for cul
tural methods of control of the diseases. 

E. To test the established and newly developed chemicals 
and antibiotics for possible effective, economical control of 
seedling, and mature plant diseases. 

F. To study available methods of inoculation for incit
ing ephytotics and develop new techniques for the study of 
diseases of field crops. 

Seventeen hundred and twenty-two breeding lines 
and varieties of corn were inoculated and rated for re
sistance to the leaf blight, Helminthosporium turcicum and 
stalk and ear rot, Diplodia maydis. Fifty lines were found 
to have satisfactory resistance to all three diseases. These 
resistant lines will be further tested and used by the plant 
breeder in the development of varieties resistant to these 
diseases. Pathology and pathological histology of downy 
mildew of corn, wheat, oats, barley, sorghum and crab
grass were reported. The disease was reported for the 
first time on sorghum. 

Studies were made on leaf and stem rusts of wheat 
and oats and loose covered smuts of oats and barley. Rust 
collections from the small grains were sent for rust race 
identifications. 

A new smut of soybeans Melanopsichium missouriense 
sp. nov. was reported for 9 locations in Missouri and de
scribed. Ten races of downy mildew of soybeans was de
termined to occur in Missouri while only three have been 
reported from the other North Central States. Phytoph
thora root rot, Phytophthora sojae was found inciting 
severe damage in Southeast Missouri. A culture and in
oculation method was described for P. sojae that was 
found to make inoculation faster and produced more ac
curate results. Root knot nematodes Meliodogyne in
cognita var. acrita were found capable of inciting signifi
cant yield reduction of soybeans even though the beans 
were never under moisture stress .throughout the devel
opment season. Severe damage has been observed during 
periods of drouth. No symptoms of damage from the 
soybean cyst nematode, Heterodera glycines were observed 
to occur in Missouri during 1958. 

Up to 30 percent loss to the seed crop was found to 
occur in an extensive area of North Central Missouri 
from the pod and stem blight fungus, Diaporthe phaseo-
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forum var sojae. This is a new symptom expression for 
this disease that in the past has been considered of minor 
importance. 

An intensive study was made of the incitants of the 
root rot of birdsfoot trefoil. Leptodiscus terrestris was 
found to occur most prevalently from isolations made of 
diseased roots and when inoculated back into healthy 
plants was found capable of inciting typical crown rot 
symptoms. 

A field of orchardgrass at Parnell, Missouri was de
stroyed by a leaf spot, Ovularia puchella. This is a new 
disease report for the U. S. as the disease has been re
ported on orch~rdgrass only from Italy. At Columbia 
brown stripe bloch, Scoletotrichum graminis prevented re
growth of a field of orchardgrass. The two diseases ap
peared very similar. 

Recognition of new disease incitants, resistance 
studies and improvement of inoculum development and 
procedures will aid the plant breeders in the develop
ment of disease resistant varieties of the field crops 
adapted to Missouri conditions. 

Project 156-Weed Control 

0. HALE FLETCHALL, ELROY). PETERS, FRANKS. DAVIS, 

RONALD E. TALBERT, RAYMOND D. HICKS, 

CARL HAYWARD 

Objectives: 

A. To find and test new methods of weed control for 
efficient ,·rop production. 

B. To determine the action of herbicides within plants 
and in the soil with emphasis on the herbicidal and environ-
mental effects on bud and seed dormancy. , 

C. To discover new chemicals that tend to alter or regu
late the growth of plants. 

D. To determine the competition and other effects of 
weeds in field Crops. 

E. To determine the life histories of weeds. 

Rates of two and four pounds of 2,3,6-TBA were 
superior to the standard rate of 2,4-D for control of wild 
garlic. Severe damage to the developing daughter bulbs 
indicates translocation of 2,4-D and 2,3,6-TBA from the 
mother bulb downward. The long residual effect of 
2,3,6-TBA against wild garlic suggests that eradication 
is a definite possibility with one or perhaps two applica
tions with little injury to established grasses. 

Neburon was the outstanding herbicide for pre
emergence weed control in grain sorghum. Four pounds 
per acre gave all season weed control without cultivation. 
Two pounds per acre was a more efficient rate giving 5 
to 6 weeks of weed control after treatment. One late 
cultivation will probably be required for satisfactory weed 



control. Sorghum was not physiologically resistant to 
neburon indicating need for more studies on the safety 
of this herbicide. Several other pre-emergence chemical 
treatments for weed control in grain sorghum were ef
fective and show need for further studies. Promising early 
post-emergence treatments were 3 pounds DNBP and 
% pound amitrol. 

Some injury may result to crops of wheat, oats, and 
soybeans from application of 2 lb./ A of simazin to the 
preceding corn crop. This injury may be slight in the 
case of soybeans. It appears that deep tillage (plowing) 
during seedbed preparation may be necessary for oats 
and highly desirable for wheat. 

Excellent weed control and high yields of soybeans 
were obtained from pre-emergence treatments with 2 and 
4 pounds per acre of 2,5-dichloro-3-nitrobenzoic acid al
though some distortion of soybean leaves occurred. Soy
beans planted in 20-inch rows yielded more soybeans 
than thise planted in 40-inch rows. PCP pre-emergence 
plus 1 cultivation in 20-inch rows produced more soy
beans than PCP and 2 cultivations in 40-inch rows. 

Neburon applied pre-emergence at 1 and 2 pounds 
per acre and EPTC at 1 and 2 pounds per acre worked 
into the soil before planting eliminated most of the weeds 
from spring-sown alfalfa . One-half pound per acre of an 
ester formulation was about equal to 1 pound per acre 
of an amine formulation of 4-(2,4-DB) for control of 
smartweeds and pigweeds in alfalfa . Rates higher than 
these injured alfalfa. Red clover tolerated an amine and 
an ester formulation of 4-(2,4-DB) up to 2 pounds per 
acre without reducing yields. Lespedeza yielded less for
age when treated at the 3- to 6-inch stage than when 
treated at the 6- to 12-inch stage with 2,4-D, 2,4,DB, 
;md MCPB. 

Willow trees and sprouts growing on drainage ditch 
banks were defoliated with 2,3,6,-trichlorobenzoic acid. 
Foliar application of 2, lbs. TBA per 100 gal. of water 
resulted in 89 percent defoliation of willow without in
jury to grass cover on drainage ditch banks. Drift in
jury from this chemical was not apparent on lespedeza 
growing in the test field. 

Project 160-Better Cotton Varieties For Southeast 
Missouri 

W. P. SAPPENFIELD, NORMAN BROWN, 

M. D. WHITEHEAD 

Breeding better cottons for Southeast Missouri. 

To maintain the present yield levels and to improve 
future acre yields of cotton in Southeast Missouri, e-arlier 
maturing and disease resistant varieties are essential. 
Efforts to ,develop locally adapted varieties have been 
intensified. Through breeding, quick fruiting character-

istics and resistance to bacterial blight, fusarium wilt, 
root knot nematodes, and/or verticillium wilt are being 
added to new strains of cotton better suited to Southeast 
Missouri conditions. Simultaneously, characteristics re
sponsible for high yield_, vigorous seedlings that are 
tolerant to cool weather, suitability for irrigated and in
tensified mechanized production and good spinning fiber 
must also be bred into these new cottons for Missouri. 

During the 1958 season, over 1000 breeding lines 
were elevated. Among these were numerous reselections 
from Auburn 56, a variety variable in agronomic char
acteristics and fiber quality, but highly resistant to 
fusarium wilt and root knot. Some of these exhibited 
better fiber, earlier maturity and easier picking char
acteristics than the parent variety and were retained for 
1959 preliminary yield and quality tests. These may soon 
provide the basis of an improved fusarium wilt resistant 
variety for Southeast Missouri growers. 

The Missouri strains of the Fox X Cobal hybrid 
proved very early and productive. Though susceptible to 
major diseases, these significantly outyielded present rec
ommended varieties on non-wilt land. Additional quality 
information must be obtained, however. Perhaps, if ac
ceptable, these will fill a tremendous need of heavy land 
farmers where cold wet soils frequently delay time plant
ings and an extra early maturing variety is a necessity. 

In all, over 60 strains were retained from the breed
ing blocks for subsequent testing during the 1959 sea
son. Approximately 2000 plants were selected from new 
hybrids made the previous season and grown during the 
winter in Mexico to increase seed supplies. New hybrids 
were prepared to introduce additional sources of fiber 
quality, desired agronomic characteristics and disease re
sistance, especially tolerance to verticillium wilt. 

The performance of cotton varieties in Southeast Missouri. 

The establishment of permanent test fields permitted 
a most complete analysis of cotton varieties in South
east Missouri during the 1958 season. Nine varieties were 
grown in tests at seven locations that represent four 
major soil types, disease infected centers, irrigated and 
non-irrigated conditions, and hand and machine har
vested tests. These provide a basis for specific variety 
recommendations to cope with production hazards in 
Southeast Missouri. Tests were conducted at the follow
ing locations: 

1. Sikeston-brown sandy loam soil. 
2. Diehlstadt-light brown sand soils infested with 

fusarium wilt and root knot nematodes. 
3. Malden-light brown sand soils infested with fusari

um wilt and root knot nematodes. 
4. Bucoda-light brown sand soils infested with fusarium 

wilt and root knot nematodes. 
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5. Dorena-dark loam infested with verticillium wilt. 
6. Bell City-dark clay loam. 
7. Bragg City-dark clay loam. 

Tests at Diehlstadt, Malden, Bell City and Bragg 
City were irrigated. Tests were machine harvested at 
Malden, Bell City, and Bragg City. Based on these and 
previous tests, the following cotton varieties are current
ly recommended for production in Southeast Missouri. 

Auburn 56-probably possesses the highest resistance to 
fusarium wilt and tolerance to root knot nematodes of 
any of the commercial cotton varieties. On light sandy 
soils where this disease is present, Auburn 56 produces 
high yields of good quality fiber. Some hand picking dif
ficulties may be noted, but this variety will produce more 
easily picked cotton than easy picking susceptible varie
ties. Auburn 56 is recommended only for light sandy soils 
where fusarium wilt and root knot nematodes are pres
ent. It should not be grown on the heavier soils. 

Coker JOOA (WR)-is resistant to fusarium wilt but ap
pears susceptible to root knot nematodes. It produces 
good yields where wilt is only moderate. Coker 100A 
(WR) is later maturing than Auburn 56. Results of fu
ture tests may warrant the deletion of this variety from 
the list of future recommendations. Coker 100A (WR) 
is recommended only for light sandy soils where fusari
um wilt is only moderate. It should not be grown on 
heavier soils nor where wilt infestations are extremely 
heavy. 

Deltapine 15 -Shows some tolerance to verricillium wilt 
and, therefore, produces acceptable yields in areas along 
the Mississippi River. It is highly susceptible to fusarium 
wilt and root knot nematodes found on sandy soils. 
Through our central Delta area, heavier soils free of wilt 
diseases, this variety produces good yields of quality fiber. 
Its high turn-out is of significance to many producers. 

Fox 4-is an improved strain of Deltapine Fox, especially 
in fiber quality and will replace the original Fox variety 
after the 1959 season. It is less determinate in growth 
habit, grows slightly taller, lacks storm resistance, but 
produces comparable to the original Fox variety. The fiber 
quality of Fox 4 compares with that of Deltapine 15. It 
is susceptible to all major cotton diseases and should be 
grown only on non-diseased land. 

Fox-has consistantly produced early crops on non-dis
eased land in Southeast Missouri. Fox tends to "string
out" if left unpicked and frequently shatters when picked 
with machines. Fox will be deleted from these variety 
recommendations for 1960 production, but maintained 
for 1959. It should be used only as a second choice if 
seed supplies of Fox 4 are limited. 

Delfos 9169-is intermediate to late in maturity. Varieties 
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later than Delfos should not be ·grown in Southeast Mis
souri. However, it has consistantly produced good yields 
of a longer stapled fiber than other varieties grown in 
Missouri. Its disease susceptibility restricts its production 
to non-diseased soils. 

Project 213-The Improvement of Pastur-es with 
Legumes. 

E. MARION BROWN, CARL HAYWARD, RAYMOND HICKS 

The high productivity of good grass legume pastures 
is demonstrated by the average annual beef steer gain of 
342 pounds an acre and 2.1 pounds per steer per day 
made at Sikeston on orchardgrass and ladino during the 
four years 1955 through 1958 and of 342 pounds an acre 
and 1.9 pounds per steer per day on orchardgrass and al
falfa during the three years 1956 through 1958 at the 
same location. 

Ladino drilled without sod tillage at Lathrop during 
April 1957 in orchardgrass, in bromegrass and in blue
grass pastures under rotation grazing had established 
stands of 36 percent ladino in the orchardgrass, 38 per
cent in the bluegrass and 18 percent in the bromegrass by 
April, 1958 and stands of 69, 94, and 61 percent respec
tively by October, 1958. Ladino establishment during 
1957 -was accomplished in spite of a moderate soil mois
ture deficit, for the subsoil was still dry because of 
drought in 1956 and rainfall Apdl through September, 
1958, was 2.8 inches below normal. This agrees with 
previous experiments in mowed plots in which ladino 
seeded in grass sod established satisfactory stands if rain
fall was not sub-normal and if correct mowing manage
ment was applied. 

Ladino clover also was drilled at Columbia in late 
August, 1957, in three orchardgrass pastures in which 
ladino had been killed by the 1956 dought. Dry weather 
prevented fall establishment of the clover but the average 
stand of ladino in the three pastures was 1 percent in 
April, 24 percent in June, and 43 percent in October, 
1958. 

Project 220-Testing Species and Varieties of 
Grasses and Legumes for use in Pasture 

E. MARION BROWN,]. D. BALDRIDGE, CARL HAYWARD, 

RAYMOND HICKS 

The productivity and disease resistance of 10 varieties 
of Sudangrass and of 4 varieties of pearl millet were com
pared at Columbia. Dry matter yields of the sudangrass 
varieties ranged from 2.75 tons to 4.38 tons per acre and 
of pearl millet varieties from 2.11 to 2.47 tons per acre. 



Pearl Millet was injured more than Sudangrass by 3 
mowings with a mower set to leave a 2lh inch stubble. 
Five varieties of Sudangrass were resistant but not im
mune to leaf diseases. None of the pearl millet varieties 
were disease resistant. 

At Lathrop, 8 varieties of bromegrass, 7 varieties of 
tall fescue, 13 varieties of orchardgrass, and 6 varieties of 
reed canarygrass were compared. Dry matter herbage 
yields of bromegrass varieties ranged from 1.27 to 2.70 
tons per acre, of tall fescue varieties from 4.61 to 5.17 
tons per acre, of orchardgrass varieties from 3.68 to 4.62 
tons per acre, and of reed canary grass varieties from 4.30 
to 5.15 tons per acre. Eight varieties of orchardgrass were 
more resistant to diseases and 3 varieties were less resist
ant than commercial orchardgrass. Varieties of brome
grass, tall fescue, and reed canarygrass were not visibly 
affected by disease. 

Project 221-Breeding Grasses 

J. D. BALDRIDGE 

Objectives: 

A. To develop varieties of birdsfoot trefoil superior to 
present varieties in resistance to root rot, in seed production, 
and in other desirable agronomic qualities. 

B. To develop more aggressive and more productive varie
ties of lespedeza. 

The greatest obstacles to widespread adoption of 
broadleaved trefoil (L. corniculatus) as a pasture and 
meadow crop in this region are the difficulties in estab
lishment and the uncertainties of persistence and seed 
production. These problems demand improvement in 
varieties and cultural practices. Improvements needed in 
varieties are increased resistance to or tolerance of dis
eases and other adversities, earlier establishment, and in
creased seed yield. Results obtained over a period of 11 
years show that the length of life of trefoil stands has 
ranged from two to eleven years. Root rot is recognized 
now as an important factor in the loss of established 
stands. Resistance to root rot has become the main ob
jective of the breeding work. Plant materials selected 
for high seed yield and other characteristics were mostly 
eliminated by heavy attacks of root rot in 1955, 1956, 
and 1957. 

In an attempt to locate resistance to the disease, 
many new selections were made in disease infested plant
ings in 1957 and 1958, and these are in the process of 
being evaluated. A few lines remaining from the older 
selection work showed a survival, in 1958 progeny tests, 
of 35 to 75 percent as compared with that of 15 to 26 
percent for commercial varieties. It is hoped that a satis
factory level of resistance may be found by concentrating 

full attention on the problem. 
A suitable technique of controlled artificial inocula

tions would facilitate screening for resistance to root rot. 
Progress is being made in this direction. Pathogenicity 
studies indicate that Leptodiscus and Fusarium are impor
tant pathogens in the disease complex, and that root rot 
can be produced by several methods of artificial inoculation 
of plants with these organisms. Frequent defoliation was 
found to increase the severity of root rot. 

Special studies are underway to determine the effect 
of inbreeding in trefoil, the performance of F. hybrids be
tween Empire and European, and the comparative be
havior of seedlings and cuttings. 

Differences in yield and persistance between varieties 
within European or within Empire have been small. 
Among the Europeans, Viking, and among the Empires, 
Iowa (3rd generation) appear to have a superiority of 10 
or 15 percent. 

The relative performance of European and Empire 
depends upon the cuttings and grazing management. 
Empire is believed to be more persistent than European 
in permanent pastures. 

The lespedeza breeding work has been greatly re
duced. In 1958 the main accomplishment was the rese
lection, purification, and multiplication of twelve superior 
strains scheduled for testing in 1959. These new strains 
are all high in yield and resistant to tar spot; and some 
are resistant to bacterial wilt. 

Project· 241-Aifalfa Testing 

E. L. PINNELL, J.D. BALDRIDGE, CARL HAYWARD 

RAYMOND HICKS 

Objeaives: 

The improvement of alfalfa in yield, quality, andre
sistance to disease through the selective testing of varieties and 
strains. 

The above-normal rainfall and lower than normal 
temperatures prevailing over the state during the 1958 
growing season resulted in excellent yields of alfalfa hay. 
Excessive soil moisture during 1957 and 1958 has caused 
severe losses of field stands particularly on bottom-land 
fields in Missouri. Leaf and stem diseases were not as 
prevalent as in 1957 when bacterial stem blight was so 
severe, but Pseudoplea, Cercospora, and Stemphylium caused 
some defoliation. 

A new trial seeded in the fall of 1957 at Bell City 
(SE Mo.) on gumbo land was lost from excessive rain
fall. Two new trials were seeded in Southeast Missouri in 
late 1958. One of these is at Bragg City on gumbo land, 
the other at Sikeston on sandy loam soil. Included are 
the recommended varieties Buffalo, Vernal, and Ranger 
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to be compared with Lahontan, Rhizoma, Kansas syn
thetic B-1 (selected from Buffalo for spotted aphid re
sistance); four leaf disease resistant varieties from North 
Carolina; and two selections from Stoneville. Included 
also ate Teton from South Dakota, and Moapa, an aphid 
resistant variety from Nevada. 

Trials seeded at Columbia and Weldon Springs in 
the fall of 1955 were summarized for three harvest years 
along with the trial at Lathrop abandoned after 1957 be
cause of stand differences. Du Puits and Oklahoma com
mon have yielded slightly better than Buffalo, Ranger, 
and Vernal, the three wilt resistant varieties used as 
standards. Nomad has been by far the lowest yielding of 
the varieties in these trials. Stand counts taken during the 
third harvest year do not appear to be related to the 
known bacterial wilt resistance reaction of the varieties. 
No wilt has been observed in these trials. 

Results were obtained for the· first harvest year of 
varietal trials seeded at Pierce City (SW Mo.) and La
throp (NW Mo.) in the fall of 1957. Vernal performed 
well in both trials. A600,_ a new synthetic variety from 
Purdue, was the high yielding variety at Lathrop. The 
performance of Rhizoma at Pierce City was surprisingly 
good in view of its rather indifferent record in past years. 
Lahontan was the low yielding variety in these tests. 

The varietal trial seeded at Sikeston in the late sum
mer of 1957 failed to give significant yield differences in 
the first hay year, but it is interesting to note that A600 
was also the high yielding variety in this trial. 

In the Regional synthetic trial seeded in the late 
summer of 1957 at Columbia, A600 was the high yield
ing variety. Lahontan was the low yielding variety. 

A note of caution should be sounded on the per
formance of A600. It is possible that the seed used was 
in the early generation stage of advancement and further 
seed increases may result in a reduction in yield through 
inbreeding. The information is not available here as to 
whether the seed of A600 was from the Syn 1 2 3 or 4 

' ' ' generation. 
Agronomic and disease infection ratings were taken 

on a row nursery established in 1956, consisting of about 
50 introductions from various sources, many of whiCh are 
low-crown type. Surviving plants were counted in a space
planted nursery established. in 1955 and pastured inter
mittently during each season. 

Project 261-Cytogenetics of Wheat 

E. R. SEARS, LOTTI M . STEINITZ-SEARS 

MrKio MuRAMATsu, AR~STEO AcosTl 

Objeaives: 

A. To develop methods for transferring characters to 
wheat from related wild grasses. 
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B. To determine on which chromosomes of wheat the 
major genes for stem-rust resistance are located. 

Although many of its wild relatives have characters 
which would be of great value if they could be trans
ferred to wheat, such transfers are usually extremely dif
ficult or impossible to effect by ordinary means. A com
mon source of difficulty is that the foreign chromosome 
that carries the desirable gene will not pair with any of 
the wheat chromosomes. 

Two new methods have been developed at Missouri 
to help make some of these transfers possible. The first 
is to use a wheat which lacks chromosome V (number 
5) . This chromosome materially reduces the tendency of 
related chromosomes to pair with each other. In its ab
sence, therefore, a foreign chromosome may pair fre
quently with a wheat chromosome when it would other
wise have paired only rarely, if at all. 

The second method of facilitating transfers of foreign 
genes is the use of X-rays or other ionizing radiations to 
translocate to some wheat chromosome a segment carry
ing the particular foreign gene desired. This was accomp
lished some years ago for leaf-rust resistance from the 
wild grass Aegilops umbellulata, and is now being attempt
ed for stem-rust resistance and hairy neck of rye. The 
rye chromosomes responsible for these two characters 
have been added individually to wheat, and X-ray treat
ments have been made. Offspring having the characteristic 
in question are being studied cytologically to determine 
in which plants, if any, the gene concerned has been 
transferred to a wheat chromosome. Transfer of hairy 
neck to wheat is desired so as to furnish a marker gene 
for certain wheat chromosomes and also to test the pos
sibility that increased vigor may be associated with the 
addition of the rye-chromosome segment carrying hairy 
neck. 

Previous studies had located most of the genes re
sponsible fot the stem-rust resistance of the wheat varie
ties Hope, Timstein, Red Egyptian, and Thatcher. These 
studies mainly made use of substitution lines, in each of 
which a single pair of chromosomes from a resistant 
variety had been substituted for one pair of the standard 
variety, Chinese Spring. A gene which had not been lo
cated was the one of mature"plant resistance in Hope. 
With the cooperation of Dr. N. E. Borlaug of the Rocke
feller Foundation in Mexico City, this gene has now 
been found to lie on chromosome III. 

Recent work casts some doubt on the conclusion 
reached some years ago that Timstein carries ~o comple
mentary dominant genes for :resistance, both in chromo
some X (ten). Although 9:7 segregations have been 
found several times in F2 , there is an excess of F3 fami
lies which segregate 9:7 instead of 3:1. Also, it has not 
been possible thus far to find two susceptible plants 



whose F1 hybrid is resistant, as would be expected with 
complementary dominant genes. The possibility is being 
investigated of a single resistance gene that gives an ap
proximately 9:7 ratio because of linkage with a gene hav
ing an adverse effect on pollen performance. 

Project 322-A Study of the Diseases of Cotton 
of Missouri 

MARVIN D. WHITEHEAD, OSCAR H. CALVERT, 

NORMAN BROWN, W. P. SAPPENFIELD 

Objectives: 

A. To determine the diseases of economic importance to 
cotton of Missouri and to describe those found to be new. 

B. To make crop yield loss estimates due to diseases of 
cotton in Missouri. 

C. To determine the resistance rating of present breeding 
lines and varieties to the common diseases of cotton, to search 
for high types of resistance and to cooperate with the plant 
breeder in the development of new, more resistant lines. 

D. To determine the optimum and limiting environ
mental factors for disease development, to search for cultural 
methods of control and to obtain information on the etiology, 
host parasite relations and epidemiology of the diseases of cot
ton. 

E. To test the established and newly developed chemicals 
and antibiotics for possible effective economical control of seed
ling and mature plant diseases. 

F. To study available methods of inoculations for in
citing epiphytotics and to develop new techniques for the study 
of diseases of cotton. 

By direct comparison of susceptible and resistant 
strains and knowledge of the disease infected areas, a 
good basis of estimating the loss due to diseases was 
available. The losses were estimated as: 

Disease % reduction 
Fusarium wilt, F. vasinfectum 5.0% 
Verticillium wilt, V. a!bo-atrum 3.0% 
Bacterial blight, Xanthomonas ma!vacearum 7.5% 
Boll rots, various organisms 2.0% 
Seedling disease, Fusarium spp. , Pythium spp., 
Rhizoctonia so/ani, Botryodip!odia phaseo!i 1.0% 
Ascochyta blight, Ascochyta gossypii 2.0% 
Root Knot and other nematodes, 
Me!oidogyne spp. 5.0% 
Other parasitic diseases 1.0% 

or a total of 24.7 percent reduction in yield 

All breeding lines were rated in naturally infected 
disease areas for Fusarium and Verticillium wilt and by 
artificial inoculation to bacterial blight. Forty-two com
mercial varieties and experimental strains and over 500 

experimental lines were evaluated for reaction to the 
Fusarium wilt-nematode complex. Fifteen varieties and 
250 strains were evaluated for reaction to Verticillium 
wilt and most of the Missouri strains were evaluated for 
resistance to bacterial blight. These disease suscepti
bility ratings will aid the plant breeder in develoipng a 
variety suitable for Southeast Missouri. 

Thirty-four chemical formulations were tested in the 
Regional cotton seed treatment test. Reginned and acid
delinted seed were used. Captan dust and slurry at 2 and 
4 oz/100 lb. delinted and reginned seed respectively gave 
the better seed treatments. 

The fungicidal seed treatments alone fail to give 
sufficient protection from soil-borne seedling diseases of 
cotton. The in-the-furrow method of application of 
fungicides was again tested for possible extended seed
ling disease control. Fourteen chemical combinations 
were tested as both dust and spray treatments into the 
furrow at planting time. To assure the presence of the 
disease organisms in all plots the seed were inoculated 
with sorghum grain cultures of Pythium, Fusarium and 
Rhizoctonia. Captan dust, spray and Cap tan-Terrachlor 
dust gave significant stand increases ~~ s in-the-furrow 
fungicides. Fusarium and Pythium were the major in
citants of seedling damage, with Rhizoctonia occurring 
in light incidence as determined from plantings of dis
eased seedlings. 

Spores of a heavily sporulating species of Strepto
myces mixed with cornstarch were used to slurry treat 
one lot of seed. It was considered that the Streptomyces 
might produce sufficient antibiotic substances to control 
seedling infections. The results received were encourag
ing and indicated that an intensive search for desired 
strains of antibiotic-producing fungi and bacteria to be 
used as seed treatments might be a highly rewarding 
endeavor. 

Investigations were conducted to develop a cold test
ing technique for cotton. Twelve degrees Centigrade ap
peared to be a near optimum test temperature for the 
predisposing period of the test. Varietal differences were 
noted indicating the possibility of selecting cold tolerant 
cotton varieties that could be planted earlier in cooler 
soil. 

Project 332-Weed Control and Crop Defoliation 
in Cotton Production 

0. HALE FLETCHALL, RAYMOND D. HICKS 

Objectives: 

A . To discover more effective and more efficient chemical 
and cultural methods of weed control in relation to cotton 
production. 
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B. To discover more effective and more efficient methods of 
defoliating cotton. 

Pre-emergence application of five promising chemi
cals at two or three rates each significantly reduced the 
number of weeds occurring in the treated band. The use 
of Chlorazin at 8 or 10 pounds per acre reduced the hoe
ing time by 12.6 hours per acre. Other material such as 
CIPC at 7 or 10 pounds and Diuron at 1 or 1 Y2 pounds 
gave similar reductions ranging from 10 to 12 hours per 
acre. In a measure of the effect of the chemicals on the 
earliness of cotton, there were indications that the more 
injurious chemicals as Chlorazin and Simazin at rates suf
ficient to give good weed control may delay fruiting. 

Crossplowing as a method of thinning cotton gave 
no delay in maturity when there were a sufficient num
ber of plants in each hill and the hills were spaced 20 
inches apart. There was no difference in the yield be
tween crossplowed cotton and the hand hoed check. A 
comparison of three methods of row cultivation, (con
ventional sweep cultivation, rotary plowing, and flame 
cultivation) revealed no difference in the yield of cotton 
or the weed control obtained. Stand counts made Novem
ber 15, 1958, showed flame cultivation did not reduce 
the number of plants per acre. 

Post-emergence applications of several chemicals, 
herbicidal oils, or flame cultivation indicated that full 
season mechanical weed control in cotton is possible and 
under many conditions practical in Missouri . Of the 
chemicals tested, diuron and monuron gave the best 
weed control, however, these materials did cause injury 
to cotton when applied as a post-emergence treatment to 
cotton plants under 6 inches tall. 

Planned future work includes test of various combi
nations of chemicals and practices for full season me
chanized weed control in cotton. 

Good defoliation was obtained with Magron, Shed
A-Leaf, and Penco. Substituting ~ pound per acre of 
amino triazol for ¥.! to ~ of the normal rate of other 
defoliants did not increase the defoliation or decrease the 
occurrence of regrowth. 

Planned future work in cotton defoliation includes 
basic studies into the interrelationship of temperature 
and chemical defoliants on leaf drop. This work will be 
directed toward the discovery of better chemicals and 
practices for use when seasonal temperatures are below 
optimum for defoliation action. 

Project 85-Breeding Hybrid Corn for Missouri 

M. S. ZUBER, c. 0. GROGAN, MARVIN WHITEHEAD, 

VIRGIL FERGASON, JOHN P. THOMAS, CARL HAYWARD 

Objectives: 
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A. Increase efficiency of corn production through breeding 
better adaped hybrids for Missouri. 

B. Study the effect of weather, cultural practices, and 
nutrition on the growth, development and quality of corn. 

C. Control of diseases by breeding resistance to the major 
organisms attacking corn. 

D. Develop and increase seed stock of productive new hy
brids. 

E. Develop new hybrids for special purposes. 

F. Breeding resistance to corn earworm and European 
corn borer. 

Date of planting studies conducted for the 4-year 
period (1955-1958) show the earlier plan ting dates giving 
the highest yields and decreased as planting dates were 
delayed. Stalk lodging, ear height, insect damage general
ly increased for the later planting dates. These studies 
have been conducted at Columbia (Central) and Sikeston 
(Southeast) and as soon as facilities allow, these studies 
should be expanded to include locations in Southwest, 
Northeast, and Northwest Missouri. Date of planting 
information is needed for all of the principal corn grow
ing areas of Missouri. 

The morphological resistance to stalk lodging shows 
rind thickness to be associated and correlated with stalk 
lodging. These results also show this character to be in
herited and the development of new hybrids with thicker 
rinds is now underway. 

Recent studies show that grain moisture to be highly 
correlated with shelling percentage and when shelling 
percentages were adjusted for grain moisture, very small 
differences existed between the various commercial hy
brids studied. 

Previous rates of planting studies have shown that 
prolific hybrids offer great possibilities in the southern 
half of Missouri. The prolific characteristic found in late 
unadapted corn is somewhat difficult to transfer into 
earlier maturing corn but as soon as this is accomplished, 
it is believed prolific hybrids will be of equal importance 
in Northern Missouri. Inheritance of prolific and single 
ear types were made this past season. It was found the 
uppermost ear of prolific strains never exceeds ¥.! pound 
and when growing conditions are favorable, this type 
adds additional ears. Where as in the single ear types, 
the upper ear can exceed Y2 pound and rarely produce a 
2nd ear. The prolific type appears to adjust its growth 
habit to the environment of the growing season better 
than the single ear types. The prolific hybrids grown in 
South Missouri gave more consistant yield performance at 
a 10-12,000 plant population than the single ear types. 

Producers of white corn often experience scattered 
yellow kernels due to out-crossing with yellow pollen. 



This is now being overcome by incorporating a cross 
sterility factor from popcorn into the currently used white 
corn hybrias. This will enable the seed producer as well 
as the commercial grower to plant white corn adjacent 
to yellow corn without fear of having yellow kernels ap
pearing on white corn ears. These new "yellow proof'' 
white hybrids should be ready for commercial production 
in about 2 years. 

The development of hybrids with high amylose 
starch was continued. Many exotic strains from South 
America were crossed with suitable testers to detect new 
endosperm mutants and several were found that may give 
higher amylose than ones currently used. Several experi
mental single cross hybrids with an amylose content of 
about 60 percent will be tested in 1959. Secondary effects 
of high amylose genes were studied and show a reduc
tion in kernel weight and an increase in protein content 
of the endosperm. Several strains of high amylose corn 
were grown in eight different states and indicated in an 
unfavorable growing season, the percent amylose is de
pressed. Results for the years of 1957 and 1958 show 
California and Kansas to have the lowest, while Wiscon
sin and Maryland gave the highest percentages. 

The transferring of corn earworm and European corn 
borer resistance to hybrids adapted to Missouri is pro
ceeding rather slowly since it is necessary to depend upon 
natural epidemics of these two insects. Several new breed
ing methods are being employed since hand infestation 
facilities are not available. Since these new breeding tech
niques have been used, two new synthetic varieties have 
been developed that have considerable resistance to corn 
earworm. 

The diseases of corn most important in Missouri, 
namely, stalk rots, ear rots and leaf blights are being in
vestigated. Diplodia stalk rot, introduced by hand inocu
lation, reduced yield slightly but increased the incidence 
of the stalk lodging. Ear rot studies show a considerable 
range in resistance among the 1500 inbreds surveyed. 
New methods of making hand inoculations of ear and 
stalk rots, as well as the most suitable time for inocula
don were studi~d. New leaf blight recoveries of the old 
susceptible inbreds are now being substituted and the new 
hybrids will soon be in production. Double cross seed 
for a new hybrid, US 619W, a more blight resistant US 
523W, will be available for planting in 1960. 

The performance of three new double cross hybrids 
tested over a three year period warranted their approval 
for release. These were Mo. 447W, a white hybrid of US 
523 W maturity especially adapted to the central and 
northern parts of Missouri; Mo.916, a yellow hybrid of 
Mo.804 maturity but which yields approximately 10 
bushels more per acre and has excellent stalk quality; and 
Mo.947, a yellow hybrid which is slightly later and more 
productive than US 13. 

Project 31 0-Hybrid Corn Testing Service 

0. V. SINGLETON, c. 0. GROGAN, M . S. ZUBER 

Objective: 

To obtain unbiased performance records for various corn 
hybrids being offered for sale to the Missouri farmer. 

Corn performance trials were conducted in 9 districts 
of the state. Two testing locations were planted in each 
of 8 districts and three in District 5 for a total of 19 loca
tions. At each location closed pedigree hybrids entered 
by various commercial companies plus open-pedigree 
certified and experimental hybrids were tested. 

Detailed results from these tests are reported in Mis
souri Station Bulletin 721. Dixie 29, a prolific white hy
brid, produced 176.8 bushels per acre in the test located 
near Troy, Missouri. This was the highest yield ever ob
tained in these official tests and exceeded the previous 
high yield by 17 bushels. 

The detecting of high yielding hybrids with other 
good agronomic characteristics is a direct benefit to the 
Missouri farmer. In official tests such as these, the farmer, 
seed producer and corn breeder can obtain an unbiased 
evaluation of various hybrids. 

Project 351-Hybrid Sorghum Testing Service 

A. C. McBRIDE, 0 . V. SINGLETON, C. 0. GROGAN, 

M . S. ZUBER 

Objective: 

To determine the agronomic performance for various 
sorghum hybrids. 

In 1958, replicated sorghum performance tests were 

grown at Sikeston (Southeast), Pierce City (Southwest) 
and Columbia (Central) Missouri. These tests included 
open and closed pedigree hybrids plus several varieties for 
comparison purposes. The detailed results for these tests 
are reported in Missouri Agricultural Experiment Station 
Bulletin No. 722. 

The 1958 tests indicated that where the average yield 
of corn approximated 100 bushels per acre, sorghum 
could be expected to yield equally as well. It is suggested 
sorghum will yield better than corn when the average 
yield of corn is considered low. However, the potential 
yield of corn appears to be greater than that of sorghum. 
Information on the relative yields of corn and sorghum 
is most helpful to the farmer. He can ascertain his farm 
in regard to soil and climate and better plan his cropping 
system. 

The average yield of 6 sorghum varieties was 82.5 
bushels while the average yield of 34 sorghum hybrids 
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was 90.7 bushels. The hybrids outyielded the varieties 8.2 
bushels or 9.9 percent. · 

Table 1 gives the seed sources and the hybrids or 
varieties tested in 1958. 

In a weekly sampling study it was found that the 
variation in threshing percentage does not vary so greatly 
with differences in moisture as does corn. Apparently, 
the relationship between the moisture in the grain and 
that of the panicles is not as great as the differences be
tween the corn grain and the cob. 

Project 203-Breeding Oats for Missouri 

J. M . POEHLMAN, CARL HAYWARD, CHARLES HAYWARD, 

ARNOLD MATSON, DALE SECHLER 

Objective: 

To breed varieties of oats with superior utility for 
Missouri. 

Numerous varieties of spring-seeded oats have been 
developed as a result of this project. The latest varieties 
to be distributed are Mo. 0-205 and Macon. 

Mo. 0-205 is an early, high-yielding disease resistant 
variety developed from the cross Columbia x (Victoria
Richland). It was distributed in 1951. Macon has been 
developed from the cross Columbia x Marion. Founda
tion seed of Macon was increased in 1958 for distribution 
to growers of certified seed in 1959. Both Mo. 0-205 and 
Macon combine the earliness arid adaptation of Columbia 
with resistance to crown rust, stem rust and smut, dis
eases heretofore destructive of the Missouri oat crop. 
Macon has superior seed quality to Mo. 0-205, producing 
a heavy, light-colored grain . 

Qualities of the spring oat crop which need further 
improvement are straw strength, seed quality and disease 
resistance. Columbia and Columbia-type varieties such as 
Mo.· 0-205 and Macon have been proven superior in 
adaptation to Missouri conditions. Our spring season is 
short necessitating both an early variety and a variety 
that will ripen and fill normally under high temperatures. 
This is why Columbia and the Columbia types have been 
eminently well suited. In general they have been slender
stemmed, high stooling varieties which produce high 
yields. They do not have the lodging resistance needed for 
a combine variety. Stronger stems are needed to support 
the oat plant and prevent it from breaking over before 
harvest. It is believed that a stronger root system would 
give the plant greater anchorage and reduce lodging 
caused by heavy wind and rain storms. A detailed study 
of the root systems of different varieties and the inherit
ance of type of root growth is being made to obtain ad
ditional information on this point. 

Seed quality could be improved by developing vari-
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eties with shorter stiffer grains. A light colored grain is 
more attractive to both grower and processor. 

Diseases change from year to year, as well as physio
logic races of the disease organism present. In 1957, race 
217 of crown rust (Puccinia coronata) was widespread in 
Missouri for the first time. No. 0-205 proved susceptible 
to this particular race. Also a field of Mo. 0-205 oats was 
fou):l'd which was heavily infected with a race of smut 
pathogenic on the varieties of Victoria origin. This infor
mation prompted the release and distribution of Macon 
oats which is resistant to these particular forms of these 
disease organisms. However, there are races of particular 
diseases to which Macon is susceptible. These include 
new races of both crown and stem rust. All currently 
grown varieties are more or less susceptible to yellow 
dwarf, a virus disease infecting oats. 

Attention is also being given to breeding winter 
oats. Numerous selections of crosses between hardy varie
ties have been obtained which appear more winter-hardy 
than currently growing varieties. It is possible that from 
these strains varieties can be developed which will push 
the limits of winter oats production northward. 

Oats variety yield tests were conducted in 1958 at 
Columbia, Bethany, Marshall , Pierce City and Sikeston, 
Missouri. Numerous special yield, hardiness, and disease 
nurseries were also grown. 

This project is cooperative with the Oat project of 
the United States Department of Agriculture. 

Project 90-Breeding Winter Barley for Missouri 

J. M . POEHLMAN, CARL HAYWARD, CHARLES HAYWARD, 

ARNOLD MATSON, D. T. SECHLER 

Objective: 

To breed winter barley for higher yield, winter hardiness, 
stiffer straw, and disease resistance. 

During the five-year period 1954 to 1958, winter 

barley acreage in Missouri averaged 406,000 acres. This 
compares with 78,000 acres during the five-year period 
1949 to 1953, and with a few thousand acres when the . 
first winter barley breeding project was initiated by the Mis
souri Agricultural Experiment Station in 1930. 

One of the important contributing factors to the 
increase in winter barley acreage has been the develop
ment of more winter hardy, productive, and disease re
sistant varieties. 

Two high yielding, loose smut resistant varieties dis
tributed as a result of the breeding work on this project 
are now grown on over 90 percent of the Missouri barley 
acreage. These varieties are Mo. B-400, distributed in 
1950 and Mo. B-475 distributed in 1955. 



Mo. B-475, from the cross Admire x Mo. Early 
Beardless selection, is replacing much of the acreage pre
viously planted to Mo. B-400. The advantages of Mo. 
B-475 over Mo. B-400 are higher yield, better threshing 
qualities, and higher test weight. 

Progress is being made in the improvement of the 
Mo. B-475 variety. Improvements include stiffer straw, 
better threshing quality, improved seed quality, higher 
test weight, smooth awns, and resistance to covered smut. 
These characteristics are being added to the B-475 varie
ty from several sources. 

Better seed quality and stiffer straw have been ob
tained by crossing B-475 with B-700, the latter being a 
selection from the cross Alaska x Missouri Early Beard
less selection. Strains have been selected from this cross 
which average 2 to 3 pounds heavier in test weight and 
15 to 20 percent less lodging than B-475. They are similar 
to B-475 in yield, winter hardiness and loose smut 
(Ustilago nuda) resistance. 

Covered smut (Ustilago hordei) resistant strains have 
been selected from the cross (Michigan winter-Missouri 
Early Beardless selection) x B-475~ . The covered smut 
resistance originated from the Missouri Early Beardless 
parentage. 

Smooth awns are being added to B-475 by crossing 
it with the strain, Purdue Smooth Awn x Reno, and 
backcrossing several times to B-475. Attempts to obtain 
greater hardiness are being made by crosses by B-475 
with Kearney, Dicktoo, Ludwig selection and several 
introduced strains from Korea. 

The Korean barleys have wide leaves and an up
right growth type in contrast to the narrow leaf, pro
strate growth type of the strains of Tennessee winter 
origin of which B-475 is characteristic. A special study 
is being made to learn mode of inheritance of height, 
spike density, awn length, and growth type in a cross 
between B-475 and one of the Korean strains. 

During 1958 variety yield tests were conducted at 
Columbia, Bethany, Pierce City, and Sikeston. Approxi
mately 125 varieties and strains were included in these 
tests. Several special nurseries were grown including the 
cooperative uniform winter barley yield nursery, coopera
tive uniform winter ha~iness nursery, approximately 200 
new entries from the U. S. Department of Agriculture 
world collection of barleys, a covered smut (Ustilago 
hordei) nursery, and a loose smut (Ustilago nuda) nursery. 
Twenty-one new crosses were made in 1958. 

This project is cooperative with the Barley project 
of the United States Department of Agriculture. 

Project 48-Mechanism of Heredity in Corn 

M. G. NUFFER, E. H. COE, JR., ELIZABETH S. BRETZ, 

K. S. Hsu 

Objectives: 

A. To determine the nature of the gene by studying its . 
mutational behavior, its structure, and the mechanism by 
which it controls biochemical processes. 

B. To determine ways in which concepts of theoretical 
genetics can be put to practical use. J 

The recent discovery of a new concept in genetics 
(namely that certain genetic factors can cause others to· 
mutate) has opened a broad new field for investigation. · 
Current research is directed towards finding, characteriz
ing and linking these genetic factors, and the genes that 
respond to them. These mutator factors differ from 
known Mendelian genes in that they can move from 
one position on a chromosome to another. A large num
ber of cases of such movement (transposition) are being 
studied to determine why and how they move and to 
determine what are the genetic consequences of such 
behavior. 

An analysis of crossing over within a specially syn
thesized compound locus is now approaching comple
tion. This experiment was designed to determine whether 
crossing over in a region very close to a mutable loci 
had any effect on their behavior. The results indicate that 
crossing over, even when very close to a gene, has little 
if any effect on its stability. 

During the last year considerable progress was made 
in developing the needed genetic combinations for in 
vitro study of the biochemical processes involved in the 
production of anthocyanin pigments. 

A new and highly significant genetic phenomena 
was recognized at the B locus. It was found that a certain 
weak expression of B (called B') which arose in a strong 
B stock could convert strong B to B' when both alleles 
are placed together in the same F1 . Furthermore, it was 
found that this conversion was complete, without excep
tion, permanent and that the newly converted alleles also 
had the property of being able to convert other B alleles. 

This year more than 20,000 plants representing 
progeny of plants carrying Ac and Ds were selfed and 
the ears produced examined for new high-amylose 
mutants. At the present time with half of these ears ex
amined, one possible case was found. In addition, a num
ber of other mutants, including wm, lm, d, pg, l, su, sh as 
well as a number of other miscellaneous types were 
found. These represent a fair sample of the kinds of 
mutants produced by mutator systems. 

Confirmation was obtained of last year's report that 
genetic inbred stock 6 induces a high frequency of 
haploidy when the pollen is used to outcross on other 
lines. This potential can also be transmitted to other 
genetic backgrounds. 
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Forestry 
R. H. Westveld, Director 

Project 166-Control of Undesirable Trees in Tim
ber Stand Improvement. 

]. M. NICHOLS 

Objective: 

To Continue observatiom on tests in progress. 

Plots of old field persimmon treated in 1955 were 
re-examined, including excavation of sprouts which ap
peared after original stems died on one plot. No im
portant changes were noted as compared to third year 
results of the several treatments. Many of the original 
stems which were not killed by basal treatments appear 
to be deteriorating but they continue to live. The ex
cavating work showed that the root systems of the 
original stems were nearly all connected and that new 
sprouts appeared anywhere on the old root system and 
not just as root collars of original stems. The original 
stems excavated had not been killed back over one foot 
below ground line. 

Excavation work on sassafras shows that root kill by 
2,4,5-T has beeri much better than on persimmon. In 
addition to the main root stems much of the lateral root 
systems is also dead. This fact made excavation very dif
ficult. However, there remained sufficient live tissue to 
give rise to new sprouts which were almost as numerous 
as the originals which were treated. 

Project 346-Site Evaluation for Shortleaf Pine in 
Missouri 

ANDREW J. NASH 

Objectives: 

A. To determine the influence of various site factors on 
the growth and yield of Missouri's forest. 

B. To develop a practical classification of forest site based 
on measurable factors. 

Objective A. Field data on even-aged shortleaf pine 
stands in the south-east section of the state were obtained 
during the year. A total of 93 sample areas was measured 
and information was obtained on soil conditions, topo
graphic factors, height and age relations on a variety of 
geologic parent materials. This information is on data 
sheets at the present time but will be transferred to IBM 
cards for machine computation. On each area sampled, a 
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numerical rating made up of the following variables was 
calculated: 

1. rooting depth based on topographic position 
2. moisture regime based on aspect 
3. inherent soil fertility based on soil classification 
4. permeability based on soil texture. 

These four variables represent the limiting factors as far 
as height growth is concerned. Each variable was given 
a rating from 1 to 5 and the sum of all ratings estab
lished a norm for that particular set of conditions. In 
addition, site index given by the average height of the 
dominant and co-dominant trees was obtained for at 
least seven trees on each area. The intention of the pro
ject is to correlate the basic rating with site index by 
means of multilinear regression analysis. The highest 
rating encountered was 17.5 and the lowest, 4.0; the cor
responding site indices for these areas were 75 and 30 
respectively. 

Objective B. No work on objective B was done dur
ing the fiscal year ending June 30, 1959, as it depends on 
the results of objective A. 

Project 158-Effect of Forest Cover on Soil and . 
Water Resources 

P. W. FLETCHER, R. H. WESTV,ELD, RALPH A. MUSBACH 

Objectives: 

A. Hydrologic Orientation 
B. Soil Moisture Studies 
C. Small Watershed Studies 

Developed families of rainless period depletion curves 
by seasons of the year from mean daily discharge records 
of the USGS for the Current, Black, and St. Francis 
Rivers. The differences in depletion rates appear to be 
related to differences ·in opportunity from evapo-transpira
tion as influenced by weather conditions. As an hypo
thesis, the differences in rainless period depletion rates 
are due to differences in evapo-transpirational withdrawals 
of water directly from the live channel and its banks. 

Developed a plan for a cooperative study with· the 
Columbia Forest Research Center which deals with the 
interception of precipitation by the forest floor. 

Poured concrete footing and dam, 45 feet long and 5 
feet high, to concentrate spring flow across a modified 
90° V•notch steel wier blade, sealing with bentonite and 
clay. Seal appears to be successfuL Excavated upper settl-



ing basin and stilling pond, lining them with rock walls, 
preparatory to installation of instrument shelter and con
tinuous water stage recorder. 

Completed topographic and vegetational surveys of 
Gum Spring Watershed # 1, 12.48 acres of well-stocked, 
north-facing slope at University Forest. The average acre 
contained 1267.2 trees with diameters 0.1 inch or larger 
at breast height, 76.5 percent being reproduction size 
(0.1-2.5") , 15.9 transgressives (2.6-6.5"), 5.6 percent poles 
(6.6-10.5"), and 2.0 percent dominants (10.6'' up). 86.4 
percent of the dominants were oaks, 37.7 percent being 
black oak, 19.5 percent scarlet oak, and 10.5 percent 
white oak. 

The oaks, led by white oak, comprised only 18.7 
percent of the reproduction class, whereas 45 .5 percent 
of the reproduction was hickory. Oaks and hickories 
were almost equally represented in the transgressive class 
(50.3 and 42.9 percent respectively) , but the oaks, led by 
black oak, made up 84.5 percent of the pole class. 
Hickories , on the other hand, accounted for only 14.0 
percent of the pole-size class, and 7.0 percent of the 
dominant class. The average stocking was 77.72 sq. ft . 
of basal area per acre, 7.2 percent in reproduction, 26.1 
percent in transgressives, 34.3 percent in poles, and 32.4 
percent in dominants. 

Project 159-Utilization of Native Timber and 
Residues 

R. H. WESTVELD, LAWRENCE LENEY 

Objectives: 

To conduct studies in the conditioning or treatment of 
wood by physical or chemical means to improve its value as a 
raw material. 

To conduct studies for the improvement of the techniques 
for fabricating products from wood. 

Checks open up on the surface of oak lumber when 
it is dried too rapidly. They close tightly and cannot be 
detected when drying is complete. It is not possible to 
tell whether such lumber has checked in drying unless it 
is examined at the particular stages of the process when 
the checks are still open. This cannot be done for boards 
on the interior of the drying stack. 

If faster methods of drying oak are to be developed 
there must be a knowledge whether the lumber checked 
and if so at what time in the drying schedule. (A tech
nique has been developed to mark checks in oak lumber 
without removing the boards from the stack). The tech
nique being tested is a method of marking checks that 
are open at a particular time. When the checks are tight
ly closed at the end of the drying it will be possible to 
detect them and measure their depth. 

This technique, used in experimental drying of oak 
will show whether the method of drying being tested 
was successful in removing the water from the wood 
more rapidly without causing checks. 

A technique also in process of development is de
signed to allow the observation of the deformation of 
the cross section of lumber when it dries. The intent is 
to follow the formation of checks on the surface of the 
lumber through the drying cycle. This information in 
combination with the method for marking checks will 
give needed information on which to base (experimental) 
pilot plant kiln drying schedules to dry oak faster. 

The first phases of the basic study of the veneer cut
ting process has been completed. By observing the de
formation of the wood structure through a microscope 
while cutting veneer it was possible to determine how 
lathe checks form and what causes loose rough veneer. 
These observations were recorded by use of motion 
pictures. A simplified 25 minute motion picture film has 
been assembled from the data to show the formation of 
lathe checks, the effect of a dull knife, and the action of 
the nosebar. 

Project 259-Marketing and Processing of Hard
wood Paneling 

R. c. SMITH, LAWRENCE LENEY, R. A. MUSBACH, 

W . ). O'NEIL, L. K. PAULSELL 

Objectives: 

A. Consumer preferences 
B. Finishing materials and methods of application 
C. Fasteners and their use 
D. Methods of manufacture 
E. Costs of processing and pricing 

Objective A. In four states 383 home owners were 
interviewed to learn consumer attitudes and preferences 
for hardwood paneling. Results indicate that 95 percent 
of those visited like wood paneling and they would want 
wood paneling in a new home. Over 70 percent wish 
to use paneling· in a recreation room or den rather than 
in other rooms. Over 60 percent prefer to panel four 
walls of a room, and relatively wide panels of 7 inches 
are preferred. Without reference to prices, over one-half 
prefer clear wood, and over 80 percent prefer wood with 
only small character marks. With prices considered the 
preferences were about equal for each of three grades 
ranging from clear wood to wood containing large knots 
and other marks, but another grade pl!lrmitting large 
holes was preferred by only 6 percent. Other replies sug
gest a need for consumer education on wood properties 
and installation and serviceability of paneling. 

Interviews with 72 retailers of building materials 
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showed that they believe their customers will buy oak 
paneling. If profits were at least equal to that on similar 
items 75 percent would stock oak paneling. Annual sales 
of 22,500 board feet would make it a desirable item to 
handle. Most saleable categories would be the higher 
grades, widths of 5 to 7 inches and 8 foot lengths. Thus, 
it appears that considerable interest exists on the part of 
both consumers and retailers. 

Objective B. The number and kind of finishes availa
ble for use is without limit. We have tried over 20 with 
satisfactory results . The natural two-coat finish with a 
clear lacquer or resin-vamish is the easiest to apply and 
is generally the most pleasing in appearance. 

Objective C. Hardened steel nails at least 0.065 inch 
in diameter gave the best results. Thinner nails broke 
excessively and ordinary #3 finishing nails often bend. If 
holes are predrilled before using finishing nails about 25 
percent additional time is required for installation of 
paneling than if hardened steel nails are used without 
drilling holes. 

Reduction of moisture content of oa~ paneling to 6 
percent may cause wood shrinkage sufficient to expose 
nail heads. Although this is close to the moisture equilib
rium point in heated houses a redesign of our pattern is 
not contemplated because of the increased waste in pro
cessing. It does point up the fact that nails must be posi
tioned properly. 

Objective D. Lumbergrade -Paneling grade yield 
studies previously reported were substantiated by process
ing additional rough lumber. 

An analysis of loss volume during processing showed 
that 14.7 percent was lost in trimming and ripping boards 
and 3.5 percent was lost in machining. 

One-inch green lumber can be processed into panel
ing no thicker than 21132 inch because of skipped or 
rough areas remaining, caused by warping. 

Objective E. Analysis of our costs and those of com
mercial firms indicates that the following retail prices are 
possible: 

These prices permit a profit of 10 percent on all 
costs of manufacturing and a mark-up of 33 percent to 
the retailer. 

The first draft o{ a manuscript reporting on all ob
jectives under this project was completed. 

Project 245-Marketing Christmas Trees 

]. M. NICHOLS, L. K. PAULSELL, R. H. WESTVELD 

Objectives: 

A . To determine the size of the Missouri market for 
Christmas trees and evergreen boughs and to ascertain general 
problems and trends that seem to characterize the present in
dustry. 
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B. To determine (1) consumer preferences with respect to 
species, size and grade of Christmas trees and (2) consumer 
habits in the use of Christmas trees and evergreen boughs 
including the time and manner of acquisition. 

C. To determine at the retail level of the industry (1) 
the present sources of supply and their reliability in terms of 
quantity and quality; (2) the calendar period, size and nature 
of individual operations; and (3) basis for pricing. 

D. To determine methods of operation, sources of supply 
and problems encountered by wholesalers of Christmas trees and 
evergreen boughs. 

E. To determine marketing methods employed and prob
lems encountered by growers of Christmas trees in Missouri. 

F. To develop improved methods of Christmas tree and 
evergreen bough marketing. 

Marketing Christmas Trees in Missouri, Mo. Agr Expt. 
Sta. Bull. 719, which incorporated the results of this re
search was published in 1958." Missourians use an esti
mated 1,099,000 trees each year which come mainly from 
the Northwest, North and Canada. Research has pro
vided the prescription for producing high-quality trees in 
the State and Missouri growers must stress quality. Pref
erence studies indicated that Scotch pine (produced in 
experimental plantings) will enjoy a ready market. Scotcl:i 
received 57 percent of the consumer preference votes. 
People prefer premium trees but will buy U. S. No. 1 
trees for a lower price. 

About 70 percent of all Missouri households use 
trees. About 46 percent of these households purchase 
trees. Depending on the weather, the weekend preceding 
Christmas is normally a heavy sales period. In large cities, 
regular tree lots sell a high proportion of trees; while 
statewide, the independent grocer is important. The 5-6 
foot class is the most popular size class. Wholesalers in 
the large cities order their trees in late summer so that 
fall cutting can proceed in out-of-state production areas. 
Out-of-state trees arrive in bundles of various numbers 
depending upon size. 

Many wholesalers sell trees to retailers on a consign
ment basis. Retail mark-ups range from 30-100 percent. 
Few retailers grade trees but price according to height. 
The quality of shipped-in trees appears to be dropping 
each year. In 1956, only 16 percent of out-of-state trees 
were U. S. Premium. Retailers are quite interested in the 
prospects of Missouri-grown trees. 

The marketing of experimental trees has been en
couraging. At Weldon Spring, 1857 Scotch pine were 
sold over a 3-year period. Forty-four percent were U. S. 
Premium and averaged $5.05 at retail. A Missouri pro
ducer may sell to a wholesaler if he has a large number 
of trees. He will make more money if he can sell directly 
to a retailer or to consumers; however, he must assume 
a greater responsibility for the marketing process. A re-



tail lot is not apt to be successful in towns of fewer than 
5,000 people. 

Trees may be harvested with hand saws or power 
tools, depending on the number of trees a producer has 
to cut. Some species have a tendency to yellow as winter 
approaches. Trees may be cut early, covered and stored 
under damp conditions. Most Missouri-grown trees are 
heavy and bushy and do not permit bundling. A 16-foot 
high-rack truck bed will hold 100 trees 5-6 feet in height. 
Painting and flocking should be done on a custom basis. 

Project 124-Economics of Timber Production 

R. C. SMITH , A. J. NASH 

Objectives: · 

A . Case Studies of Income 
B. Growth and Yield Studies 
C. Taxation of Forest Land 

Objective A . In Dent County, Missouri the average 
acre of farm forest land supports about 5 cords of wood 
in trees 6 to 10 inches in diameter and 1,250 board feet 
in sawtimber trees, 12 inches and larger. Most farmers 
have a passive attitude toward protecting their timber
land from fire. They do not think that investment of 
money in timber stand improvement will earn a satis
factory rate of return. In 1956, forests produced an in
come of 31 cents per acre. Markets for selling sawtimber 
are active but those for other products are restricted. If 
other markets were available the average woodland acre 
could earn about 90 cents annually. 

Objective B. Data collected on long-term growth plots 
indicate, that forests north of the Missouri River, grow
ing on north-facing slopes produced an annual increment 
of 116 board feet per acre over a 5-year period. The low
est growth was found on south facing slopes south of 
the Missouri River-55.7 board feet per acre per year. 

Although the growth in board feet is low, timber 
growth expressed as a percentage of base volume is nor
mal, 2 to 3 percent. A major problem is to build up the 
volume of tree growing stock. Growth plots at Univer
sity Forest experienced heavy mortality in trees less than 
10 inches in diameter, particularly on poorly drained 
soils. During a 5-year period average volume of trees 5 
inches and larger increased from 806 to 1,152 cubic feet 
per acre. The sawtimber (trees 11 inches and larger) in
creased from 835 to 1,154 board feet per acre. Much of 
this increase represents the volume of smaller trees grow
ing into the sawtimber class. 

During the fiscal year ending June 30, 1959, no field 
work was done since the next re-measurement of the 
plots throughout the state is not due until 1960. 

A research bulletin describing the results of the 1956 
survey was completed during the year and was checked 
by members of the School of Forestry and by the Colum
bia Research Center, U. S. Forest Service. This bulletin 
is now in the hands of the Agricultural Editor and will 
be released sometime in the fall of 1959. 

Objective C. Plans were made to study sales transac
tions of forest land in relation to the merchantable vol
ume presen"t. If value can be accurately related to sales 
price it will provide tax assessors with an aid in assessing 
forest land for taxes. 

Project 75-lmprovement of Low Quality 
Understocked Hardwood Stands 

J. M. NICHOLS, L. K. PAULSELL, RALPH A. MUSBACH, 

R . H. WESTVELD 

Objectives: 

A. Fire Studies 
B. Pruning of Oak 
C. Decay and Defect 
D. Conversion of Low-Value Hardwood Stands to 

Conifers . 

In accordance with the work plan, specified experi
mental plots were burned in the spring of 1958 and ap
propriate weather data recorded. All tagged trees (1.6 
inches d.b.h. and larger) were examined for mortality. 
Reproduction milacres were examined. Records and maps 
were posted in the field. No analysis has been made since 
a publication was released in September 1957 and second 
publication is not yet justified. 

All pruned trees at University Forest and Pioneer 
Forest were examined in the fall of 1958. Observations 
included d.b.h., mortality, healing progress, and number 
of epicormic branches. Analysis has not been completed. 
Preliminary work indicates that there has been no differ
ence in diameter growth between pruned and unpruned 
trees. Sections of pruned and unpruned trees were pre
pared and photographed. 

Little has been done on this objective since any 
work demanded a sawmill crew and pressure of other 
work at University Forest has hindered work on this ob
jective. It was decided to cancel this objective from this 
project, planning to resume this work at a later date em
ploying the help of a forest pathologist on an expanded 
project. 

Treatments (hardwood control) have been com
pleted. No additional work was required during the year 
except routine maintenance. Survival and height observa
tions were made in December 1958. 

Eastern redcedar continues to show the best survival 
for each of the five years during which trees were planted 
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and for the different treatments by which the hardwoods 
were removed. Survival at the end of 1958 ranged from 
59.5 to 98.3 percent. The other species varied somewhat 
in the percentage of survival during individual years . 
However, shortleaf pine and loblolly pine show consist
ently high sur-Vival while white pine generally shows the 
poorest survival. Loblolly pine has the greatest height 
under all conditions, the greatest height having been at
tained being slightly more than 15 feet at the end of five 
years. 

Project 1 22-Reproduction and Forest Stand 
Improvement Cuttings 

R . H . WESTVELD, L. K. PAULSELL, ]. M . NICHOLS, 

RALPH A. MUSBACH, P. W . FLETCHER 

Objectives: 

A. Stand Improvement Cutting 
B. Regeneration Cutting 

Since all of the studies in this project are long time 
studies, no significant results can be reported since the 
work has consisted primarily of taking annual measure
ments and maintaining the plots. On the clear cut plots 
of the stand improvement study, a cleaning was made to 
improve the composition stocking of these young stands. 
The data on the twelve plots in the study were put on 
IBM cards to simplify future record keeping. 

The cottonwood thinning plots at the Weldon 
Spring Research Center were remeasured for the last time 
in November of 1958 since these plots had to be aban
doned because of agricultural development. The plots at 
the DuPont State Forest were remeasured and observa
tions on these stands will be continued. At the age of 
14 years, the volume on the thinned and the unthinned 
plots is about the same, but the average diameter on the 
thinned plots is 10.0 inches, compared to 8.9 inches on 
the unthinned plots. The average height of the dominant 
trees is 82 feet. 

Work on the regeneration cutting plots consisted of 
examination of reproduction plots and routine mainten
ance of the plots. 

A new study, that of factors affecting the establish
ment of oak reproduction, was initiated. This study con
sists of 27 plots in 9 groups of 3 each. Seven ground 
treatments have been applied as follows: 
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1. No treatment of the site. 
2. Litter raked and removed. 
3. Litter burned in place. 
4. Litter in place chopped with hoe, seeded follow

ing litter treatment. 
5. Litter removed, mineral soil chopped with hoe. 

6. Litter in place chopped with hoe, seeded prior to 
litter treatment. 

7. Litter burned in place and mineral soil chopped 
with hoe. 

In 6 of the 7 threatments, the seeding was done follow
ing the treatment of the ground. The work during the 
year consisted entirely of establishment and treatment of 

· the plots. 

Project 123-Ecological Studies in Forestry 

R. H. WESTVELD,]. M . NICHOLS, R. E. McDERMOTT 

Objectives: 

A . Acorn Production 
B. Effects of Forest Grazing 

Preliminary calculations indicate that a heavy mast 
crop occurred in the southeastern Missouri bottomlands 
for the second straight year, with particular reference to 
pin oak (Quercus palustris). There are indications that 
sampling has been carried on sufficiently long for the 
suggestion of a cycle both in mast production and acorn 
weevil (Curculio spp.) populations. Much the same tenta
tive conclusions may be made for willow oak (Q. phellos). 
The mast production picture for overcup oak (Q. lyrata) 
in contrast, does not as yet indicate any cyclic trends 
either in acorns or degree of weevil infestation. 

The upland oak mast crop continues to be spotty 
and unpredictable. Some broad regional differences may 
occur for the state, but this cannot be definitely estab
lished at this time. 

It can be assumed that trees with large crowns are 
the heavy mast producers. It is not yet clear, however, 
what the breaking point of crown size is. That is, in a 
range of crown diameters from 30 feet to 12 feet, the 
large diameters product in crop years and the small dia
meters generally do not. At the present time, however, 
it cannot be established with any degree of certainty for a 
given species what the minimal crown diameter is that 
is necessary for heavy production. Additional data over 
the years may indicate that crown position is the more 
important consideration or that individual genetic char
acteristics are a governing factor. Accordingly, it may be 
necessary to ascertain the precise degree of competition 
of adjacent trees and/ or additional sampling to detect 
the genetic possibility. 

Optical differences of woody and herbaceous vegeta
tion continue to be apparent in the exclosure areas of the 
open range counties of the Pioneer Forest near Salem, 
Missouri. These differences appear to be more pronounced 
for herbaceous plants than woody plants, although in
tensive sampling did not appear to be warranted. 



Project 157-Techniques for Improving the Results 
of Forestation 

R. H. WESTVELD, CARL SETTERGREN, J. M. NICHOLS, 

R. B. POLK 

Objectives: 

A. To conduct species adaptability studies under the range 
of site conditions commonly found on denuded or poorly stocked 
Missouri lands. 

B. To investigate ecological and genetical factors as funda
mental considerations in the collection of suitable tree seeds. 

C. To investigate various methods of site preparation and 
planting practices (including direct seeding) as means of forest 
plantation establishment. 

D. To investigate the relationship of various cultural 
measures to plantation survival, growth, and quality. 

An artificial oak regeneration study was established 
to measure the effects of such factors as soil type, soil 
condition, protection from various wildlife pests, and 
kind of planting stock on initial survival and seedling 
vigor. Three species (Quercus alba L., Q. rubra L. and Q. 
velutina Lam.) are included in this study which contains 
a total of 2880 seedlings in 144 experimental units. Peri
odic survival, seasonal injury records, and height data 
are being maintained. 

Treatment schedules were maintained on a combi
nation species-adaptability and site-preparation study 
established in St. Charles County in 1956. This study in
volves a total of 12 plots (3 site preparations x 4 repli
cations), nine species, and 7200 seedlings. 

Fail spots were replanted in mixed-versus-pure plant
ings of nine hardwood species established at the Weldon 
Spring Experimental Farm in 1955. Also, fail spo~s were 
replanted in 4 plots of Populus alba L. X P. grandzdentata 
Michx. hybrids, originally established in 1957. 

A field trial of a new weed killer-active ingredient 
2-chloro.-4, 6-bis-( ethylamino )-S-triazine-gave strongly 
positive results on annuals in direct relationship to the 
rates applied (0, 2, 4, and 6 lbs. per acre, actual) but ef
fects on perennials were not apparent. It is too early to 
appraise any possibly beneficial effects on pine seedlings 
located in the experimental plots. 

Project 260-The Effect of Soil and Parent Material 
on Distributions of Native Ozark Timber Species 

R. E. McDERMOTT, P. W . FLETCHER 

After two growing seasons and one dormant season, 
the results were appraised in the fall of 1958. Several 
unforeseen things happened. By early spring of 1958, it 
was apparent that none of the shortleaf pine had survived 
the previous severe winter. This can probably be at-

tributed to a heavy, wet snow followed by extremely 
cold weather, accompanied by high winds. Despite stak
ing, it seemed evident that due to the whipping of the 
top heavy stems all the roots had been broken off. No 
differentiation was possible between combinations of 
light intensities and soil moisture conditions. In the pre
vious fall, however, the light treatments were clearly 
visible by virtue of varying degree of etiolation. 

By late spring of 1958, it was apparent that both the 
pin oak and white oak seedlings were severely damaged, 
also, regardless of light and soil moisture treatments. 
Like the pine seedlings, the oaks had shown typical 
etiolation symptoms the previous fall as a result of the 
various light intensities. As the spring season developed 
it became apparent that all of the oak seedlings in the 
one-third and one-tenth light intensities were dead, all of 
the white oak seedlings in full light were dead and only 
four pin oak seedlings out of a total of twelve survived 
and these four had died back and sprouted from the root 
collar. There is the suggestion that starch root reserves 
are involved in the matter of resistance to winter kill. 
The performance of the oak seedlings in this experiment 
may be an indication of the extremely low temperatures 
that were lower than those ordinarily found under field. 
conditions. Yet, the die-back and sprouting of the pin 
oak seedlings suggests that light intensity is related. An 
examination of the dead oak seedlings revealed that 
several of them started to sprout and then died. It was 
evident that the stem tissues did not seem to be damaged, 
but an analysis of the root systems indicated lethal dam
age with particular reference to the pericyclic tissue. 

The redcedar and sycamore seedlings, in contrast to 
the oaks and pine, came through the winter of 1958 in 
good shape. Different height and color manifestations 
were readily correlated with light intensity. Two inter
pretations are possible from these results. One, the low 
winter temperatures that eliminated the oaks are not 
critical for cedar and sycamore. The whipping action that 
appears to have eliminated the pine did not affect the 
same heavy foliage type of the cedar. 

Project 287-Effect of Stand Treatment on Growth, 
Seed Production, and Regeneration of Bottom
land Hardwoods 

R. H. WESTVELD, R. E. MCDERMOTT, D.]. JONES 

Objectives: 

A. The effect of cutting methods (as they influence stand 
stocking and structure) and semi-controlled periodic flooding on 
the growth, seed production, and regeneration of bottomland 
species (acorn production on stocking-struaure plots 1956 and 
1957). 

B. To determine the silvical characteristics and require-
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ments of bottomland trees (silver maple). 
C. To develop tree classes for commercially important 

species (silver maple). 

An analysis of the number of acorns in 900 bushel 
basket seed traps installed on 36 one-half acre pin oak 
plots reveals that the 1956 acorn crop was extremely 
light. A good acorn crop was produced in 1957 and in
dications are that the 1958 crop will be moderate to 
heavy. 

It is significant to note that for a medium stocking 
of 60 square feet per acre, large trees produce more under. 
conditions of flooding than under normal or unflooded 
conditions. This point may prove important in manage
ment of pin oak stands because a preliminary analysis of 
growth data indicates that 60 square feet effectively re
leases these for improved radial growth. Better growth in 
conjunction with increased mast production may mean 
that management practices that promote growth may be 
favorably correlated with maximum mast production for 
water fowl food and stand regeneration. Also, pruning 
studies established in 1956 indicates the likelihood of 
the economic feasibility of manual pruning for one clear 
17 foot log in stands with a residual basal area of 60 
square feet per acre. 

Silver maple is variously cited in the literature as 
shade tolerant, moderately tolerant, or very intolerant of 
shade. This study indicates that for southeast Missouri, 
silver maple must be classified as essentially shade toler-
ant. 

Excessive sprouting under some stand and site con
ditions lowers the value of this otherwise fine commercial 
hardwood species. The occurrence of sprouts does not 
follow a normal distribution in relation to ·vigor classes, 
but may have a Poisson relationship. · 

Growth rates of individual silver maple trees 12" dbh 
and over are related to crown-stem ratios and percent 
basal area of an individual tree to total basal area of 
dominant and co-dominant trees on a plot equal in area 
to that area inscribed by a radius of one-half of the height 
of an individual tree. Thus, it is tentatively possible to 
conclude that thinning from below may be the best silvi
cultural treatment of silver maple in view of the irregu
lar distribution of sprouting and the relationship of 
growth to degree of competition of adjacent crowns. 

Project 290-Use of Forced Air in Forest Fire Con
trol 

]. M. NICHOLS, L. K. PAULSELL 

Objectives: 

To complete testing of two types of blowers successfully 
tested for building fire lines to determine their potential use-
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fuless in the forest fire control program in the hardwood regions 
of the United States. 

Two types of blowers were tested, including testing 
on going fires. The tractor-mounted blower built line 4 
to 6 feet wide under all conditions except where grass 
made up a high percentage of the ground cover. It was 
most effective over rocky ground which presents the 
greatest problem to a fire plow. Speed of lin~ building 
with this unit was % m.p.h. The hand-propelled blower 
operated by one man built line 2 feet wide as fast as 3 
men with hand rakes and the one man did not tire as 
fast. 

Project 341-Trees of Missouri 

R. E. McDERMOTT 

Objectives: 

A. Develop photography techniques of uniform tonal con
trast, and scales for winter twigs. Apply techniques to flowers, 
spring fruits, and foliage. . 

B. Initiate herbarium studies for species entity. 
C. Initiate library studiesfor species descriptive material. 

Photography techniques have been perfected and 
foliage specimens of 83 trees have been collected and 
photographed. Also, 69 fruit specimens have been ph~to
graphed and ~re acceptable for publication. A uniform, 
acceptable photography technique has been worked out 
for winter twigs and this material is currently being col
lected for photographing. Acceptable techniques have 
been worked out for photographing tree flowers and 
will be applied in the spring of 1959. 

A preliminary study has been made to establish 
species entity at the University of Missouri herbarium. 

Library studies for species descriptive material are 
currently in progress. 

Project 345-Preservation of Fence Posts and Farm 
Timbers 

LAWRENCE LENEY,]. M. NICHOLS, W. J. O'NEIL, 
T. W. BRETZ, WILBUR ENNS 

Objeaives: . 

A. To determine which methods of treatments give the 
optimum results. (1) To determine depths of penetration of 
chemicals and preservatives. (2) To determine the length of 
life post is increased by treatment. (3) To determine fungi and 
insects responsible for deterioration of treated and untreated 
posts. 

B. To determine the relative or comparative costs of treat
ment. 

Fence posts play an important part in the manage-



ment of nearly every farm. It is important, therefore, that 
the land-owners make use of the best materials as fence 
posts, the choice of the most suitable woods and the best 
types of preservative treatments are important. Since 
deterioration and ultimate destruction of the fence posts 
by insects and diseases varies with the species of wood, 
method of treatment,· and the soil conditions under 
which the posts are used, an understanding of the activi
ties of the different insects and diseases under different 
conditions is essential. Expansion in this project is de
sirable to determine the types of insects and fungi which 
attack fence posts under different soil conditions. 
783 posts with various treatments (some not treated) 
were set out in a plot at Weldon Springs, Mo. in the 
spring of 1955. They were tested in Sept. of 1957 and 
again in Sept. of 1958 and will be tested annually here
after. The posts are tested by applying a pull of 40 lbs. 
to each post. If it fails the post is checked for evidence 
of insects or rot. When posts fail an attempt will be 
made to determine what effect insects or disease had on 
their failure. 

The project is not old enough to draw any definite 
conclusions as yet. 

Project 9-Christmas Tree Culture 

R. H. WESTVELD,]. M. NICHOLS, R. B. POLK 

Objectives: 

A . Nature, extent, and control of deer damage to planta
tions. 

B. Influence of seedling si~e and form on plantation 
success. 

C. Control of the pine tip moth (Rhyacionia frustrana 
Comst.) 

· D. Relative benefits of various site preparations on planta
tion estaklishment and growth. 

E. Pruning methods in Christmas tree culture. 
F. Relative influences of various mulches and planting 

methods on tree development. 
G. Genetical influences on Christmas tree yields. 
H. Mechanical cultivation and mowing between rows as 

an influence on survival, vigor, and quality in plantations. 

Deer fencing was completed around one of two ex
perimental areas designated for such inclosure at the 
Weldon Spring Experimental Farm. This fencing will 
(1) test the effectiveness of a new and more economical 
deer fence and (2) provide a necessary protection to 
seedlings involved in tree genetics research. 

To test the effects of four systemics (Thimet, 
Guthion, Disyston, and Systox) on the pine tip moth 
population, 38 plots were established and assigned various 
rates, dates, and methods of treatment in Boone County 

plantations. Similar plots were located near Camdenton, 
Missouri. These efforts towards a development of new 
methods in combatting a serious insect pest were nulli
fied, however, by an unprecedented low in the tip moth 
population, rendering a statistical analysis impossible. 

A test designed to evaluate the effects of various 
pruning procedures on Christmas tree crown taper and 
foliage density was established. This study will require 
approximately four growing seasons to complete. Tree 
pruning tools (anvil-type hand pruners, hedge shears, and 
grass hook) were tested for speed and quality of results. 
The speed of pruning increased in the order listed; but 
control of the instrument and, hence, quality of the work 
is in a reverse order. A combination of tools, with the 
hand pruners used to regulate top growth and a sharp 
grass hook employed laterally, appears to offer the best 
solution. 

Study of genetical influences on Christmas tree pro
duction continued under four categories: (1) nursery pro
duction of Pinus, Pseudotsuga, Abies, and Picea spp. from 
selected geographical and ecotypic races; (2) field plant
ing of Cupressus arizonica greene races, (3) hybridizing of 
selected pine species; and ( 4) controlled-pollination 
methods. 

Project 52-Investigations on oak wilt 

T. W. BRETZ, T. W. JONES, A. D. PARTRIDGE, 

W. D. Buchanan 

Objectives: 

A. Distribution of disease in Missouri 
B. Suscepts 
C. Studies on causal organism 
D. Epidemiology 
E. Transmission 
F. Control 

Investigations on oak wilt is a cooperative project 
between the Missouri Agricultural Experiment Station 
and the Division of Forest Disease Research and Forest 
Insect Investigations of the U S. Forest Service. During 
the past year primary emphasis was placed on studies 
relating to the susceptibility of certain oak species to the 
disease; the relationship of seasonal development of the 
tree to its susceptibility to oak wilt; growth of the causal 
fungus in oak wood; local and long-distance spread of 
the disease; and the vegetative propagation of various oak 
species. 

From these studies it has been learned that oak wilt 
symptom expression in the white oak (Quercus alba) is 
exceedingly variable and that in some cas·es trees of this 
species show no outward evidence of infection at all. 



Overcup oak (Q. lyrata) appears to be highly resistant 
to the disease and suffer little damage from infection. 
There is no apparent seasonal variation in the suscepti
bility of black oak (Q. velutina) to oak wilt, successful 
inoculations having been obtained each month of the 
year. 

Laboratory tests have shown that the oak wilt fungus 
can invade all portions of the shapwood of white and 
black oak wood blocks, but that the heartwood is less 
readily penetrated. The moisture content of the wood ap
pears to be the most critical factor influencing the sur
vival and growth of the fungus in wood, the optimum 
being 35 to 40 percent. 

Root-grafting between oaks may be important in the 
local spread of oak wilt. Studies on the frequency and 
pattern of root-grafting revealed that 11 percent of the 
white oaks and 17 percent of the black oaks tested were 
connected by natural root grafts. Except for one inter-

specific graft, all grafts were between trees of like species. 
Eight' multiple grafts were found in which more than 2 
trees were connected to a common root system. The 
maximum distance between 2 root-grafted trees was 36 
feet. 

Although the small oak bark beetle has been shown 
to transmit the oak wilt fungus under cage conditions, 
no evidence has been obtained to show that this insect 
transmits the fungus under field conditions. Evidence was 
obtained that suggests that artificially wounded oak trees 
are more commonly infected with the disease than are 
non-wounded trees. Roach nymphs, carpenter ants and 
nitidulids were trapped on the wounds. 

Attempts to root softwood stem cuttings of Q. 
ellipsoidalis, Q. rubra, Q. macrocarpa and Q. phellos were 
partially successful. Rooting response varied from 0 to 83 
percent, depending upon the species, source of cuttings, 
woodiness of stem tissues and the treatment applied. 

Home Economics 
Margaret Mangel, Chairman 

Project 318-Factors Affecting Protein Requirement 
of Adult Human Subjects 

CECELIA PUDELKEWICZ, HELEN GORDON, 

MARY ANN HOUGH, LINDA WHITWORTH, 

GEORGE KELLEY 

Objectives: 

To investigate the influence of specific factors on protein 
requirements of adult human subjects. These include source 
and amount of protein intake, distribution of certain nutrients 
among the meals and source and amount of calories. 

If the protein quality of bread could be improved 
large segments of our population would benefit. In the 
present study the value of supplementing white bread 
with lysine is being investigated under practical condi
tions. 

Six young men of age 20 to 29 served as subjects in 
a human metabolism study. They were fed a basal diet 
of natural foods, adequate in all nutrients as specified by 
the National Research Council with the exception of pro
tein which was fed at the level of 48.8 g./day. Nine, 5-
day balance periods were used. Periods 1, 2, 3, 6 and 9 
consisted of the basal diet plus 3 eggs per day, one at 
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each meal. Periods 4, 5, 7 and 8 consisted of the basal 
diet plus bread with or without added lysine. Bread ;e
placed egg isonitrogenously. Principal criterion as to 
adequacy of diet was nitrogen balance. Of the six sub
jects, only two were in nitrogen equilibrium while con
suming lysine supplemented bread along with the basal 
low protein diet. Analysis of all data is still incomplete. 

In recent years an improvement in the commercial 
preparation of nonfat milk solids has resulted in a much 
more satisfactory product. 

In another phase of this protein study, home-style 
bread was baked according to a standard formula and pro
cedure with nonfat milk.solids added at 3, 6, 9, and 12% 

of flour. Half of the loaves baked also had lysine added 
at the 0.25% level. Acceptability tests were made using 4 
judges in the taste panel and loss of lysine on baking is 
being determined. 

Project 319-Serviceability of Sheets Made From 
Cottons of Selected Fiber Properties 

ADELLA GINTER AND CAROLYN FRIESZ 

Objectives: 

A. To determine the end product performance of sheets 



made of.fibers of selected physical properties. 
B. To correlate the findings on the fabrics with those from 

other stations on fabrics, as well as yarns and fibers used in 
the sheetings. 

In a regional study with the Southern Experiment 
Stations, four bales of cotton similiar in physical prop
erties except elongation were made into sheets according 
to specifications. 

Missouri has cooperated with: 1) Oklahoma in de
veloping a cutting plan and is responsible for contracting 
college workmen to make the templates which will be 
used by the various stations to prepare the test samples. 
2) Louisiana in developing interlaboratory procedures to 
be used in making tear tests for which the two stations 
will be responsible in the wear study. 3) All stations in 
developing a manual of procedures which will be fol
lowed in the study. 

Missouri, as one of the four stations involved in the 
wear study, has taken counts and measured for shrinkage 
on one-fourth of the sheets to be used in the wear study; 
has set up and put in operation a wear testing program 
at one of the women's dormitories on the campus. 

This study should give the producer and manufac
turer a basis for making a better selection of cotton fiber 
for end use performance. 

The wear testing at the dormitories will be con
tinued. As the sheets are discarded from use, Missouri 
will determine shrinkage, prepare test swatches and per
form those laboratory measures as assigned through the 
agreement of the cooperating stations. 

Project 317 -Factors Affecting Energy Intake and 
Expenditure 

CECELIA PUDELKEWICZ, HELEN GORDON, 

GEORGE KELLEY 

Objectives: 

A. To investigate certain basic principles of energy me
tabolism, particularly in relation to diet and other variables. 

B. To evaluate the variations in energy needs and ex
penditures of individuals as influenced by factors of age, sex, 
body size, diet, and activity. 

Analysis of data from a previous energy project has 
continued. Manuscripts covering a comparison of meth
ods of determining energy value of diets, relation of 
caloric intake to creatinine excretion and dietary intake of 
Missouri women on self-selected diets are · in preparation. 

Further laboratory work on the current project has 
been deferred pending the completion of the gradient 
colorimeter. · 

Project 1 30-Studies on the Utilization of Processed 
Food and Food Improvement 

GEORGIA AMICK, BERTHA BISBEY, LETA MAHARG, 

CLETA RODGERS, GERALDINE MIER, NANCY WEBB, 

NAOMI LIMING, BERNICE KORSCHGEN, CAROL SECHLER, 

HELEN MARIEL CALDWELL, HELEN GORDON 

Objettives: 

A. To continue work developing and standardizing fami
ly size recipes using nonfat dry milk solids for high nutritive 
value. 

B. To continue study of better mehods of applying meat 
tenderizers to piece meats. 

D. To continue study on the development, standardiza
tion and shelf life of a quick mix using nonfat dry milk solids 
and dried egg solids. 

D. To study the use and best method of incorporating 
dried eggs in food products. 

E. To study freezer storage of baked goods using Missouri 
products as apples, soft wheat, lard and other available 
products. 

F. To test the methods of use of new products, which 
would amtribute to nutritive value of diets, as they appear on 
the market. 

Work has continued on the development of recipes 
by which the homemaker can make consistently accepta
ble products using high amounts of dry milk solids. A 
bulletin on yeast breads and rolls using nonfat milk 
solids has been published. Work on this objective is 
complete and except for revision and checking of certain 
recipes in the light of newer forms of dry milk on the 
market, no additional work is expected to be done. 

A second area of work this past year is that on ap
plying tenderizing enzymes to piece meats. The use of 
terlderizers should help make possible the year-around 
use of less tender cuts of meat by quick methods of cook
ing. Methods of application so that the tenderizer sup
plies the most uniform and effective treatqlent are being 
continued. At the same time, an animal tenderizing en
zyme is being studied to determine the conditions under 
which it is most effective. Two manuscripts are in prepa
ration; one, a study of comparison of methods of applica
tion, and one a study of the use of the animal enzyme. 
Study of methods of application and improvement of the 
effectiveness of use of tenderizers in the palatability of 
meats prepared with them will continue. In the coming 
year, the effect of different levels of animal and vegetable 
tenderizers and other additives on meat will be studied. 

A third area of study on this project during the past 
year has been the development of a quick bread .mix with 
high nutritive value. The mix and recipes for various 
types of quick breads to be made from it have been 
standardized and a bulletin is being prepared. 
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A fourth area of study under this project has been 
the determination of various factors affecting the foaming 
ability of dried egg white. This year the effect of the ad
dition of various amounts of table salt on the stability 
of the egg foam from this source has been studied and a 
journal article published in May 1959 Food Research. Work 
will continue on developing satisfactory methods of us
ing dried eggs-reconstituting, whipping, improving 
foam stability of egg whites and addition to food products. 

Another area of study is that of the effect of freezer 
-~torage on different types of Missouri products. Work 
has concentrated on storage of baked goods. One of the 
studies is that of determining which thickening agents 
are most satisfactory for such frozen products as fruit 
puddings and pies. Work will continue on this. 

Project 162-Consumption, Characteristics and 
Serviceability of Textile Products in Children's 
Clothing 

ADELLA GINTER 

Objeaives: 

A. To determine the characteristics and serviceability of 
cotton fabrics found in ready to wear woven cotton shirts. 

B. To determine the characteristics of the construction 
used in the garments selected for study. 

C. To determine the effects of wear and maintenance on 
the fabrics and garments selected for study. 

Cotton flannel and gingham shirts are important 
items in the wardrobe of every school boy. Two varieties 
of flannel shirts were found to give good service for 
younger school boys although shrinkage was greater than 
anticipated for fabrics that had been Sanforized. (Uni
versity of Missouri, Agricultural Experiment Station Bul
letin 723) 

Another variety of cotton flannel and a gingham 
shirt with a resin finish were worn by older boys in a 
second study. The garments were periodically discarded 
for laboratory evaluation and compared for in-service per
formance. 

The flannel shirts wore well although shrinkage and 
color changes were found. The ginghams were dimen
sionally stable and colorfast but were soon badly abraded 
at the cuffs. The elbows were so broken that the shirt 
sleeves had to be shortened to continue their wear life. 
Laboratory measures for fabric elongation, tear strength, 
fluidity and abrasion resistance substantiated the unsatis
factory in-service tests. 

These findings along with those from other stations 
in the north central region who studied other items of 
boys wearing apparel will soon be published in a regional 
publication. 
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Project 163-Studies to Improve Food Utilization 
and Selection, Preparation, Packaging and Storage 
Practices 

ISABELLE DELANEY, LETA G. MAHARG, CLETA RODGERS, 

LA VET A PHILLIPS, HELEN MARIEL CALDWELL, 

CAROL SECHLER 

Objectives: 

A. To develop recommendations for the preparation of 
palatable foods of high nutritive value with special emphasis 
on new food products and products important to Missouri 
Agriculture. 

B. To adopt methods of food preparation for specific popu
lation groups. 

C. To evaluate new food preparation equipment and to 
develop recommendations for its. use. 

D. To complete manuscripts on research previously under
taken in this project. 

Food selection, preparation and storage practices are 
constantly changing with changes in food manufacturing, 
marketing and advertising, as well as in equipment for 
the preparation of foods. Opportunities for the home
maker to serve foods high in calories but low in other 
nutrients are increasing. Studies to provide the bases for 
recommendations for preparation of more palatable and 
easily prepared food of high nutritive value would help 
in educating the homemaker and in counteracting the 
effect of misleading advertising. At the same time, effec
tive use of available food supplies would be promoted. 
Very little is known at present about actual food prepara
tion practices in the home since the advent of pre-cooked 
food, mixes and newer types of dectric and electronic 
equipment. It is planned in this and other projects to 
make surveys regarding such practices. Many times prac
tices known to be good are not put into use because of 
lack of adaptation for the homemaker. 

Three aspects of the work have been studied this 
·year. Possibilities of using whole and cracked wheat and 
whole wheat flour in a variety of prepared foods have been 
explored. Recipes have been standardized and a bulletin is 
in press. The second area of study has been a compari
son of conventional with electronic methods of prepara
tion of cooking chicken. In these studies chicken was 
cooked by six different methods using both the electronic 
and the electric range, in an effort to determine whether 
or not there was a difference in acceptability of the pro
ducts and whether the time saved was important enough 
to warrant the use of the electronic equipment. Weight 
loss during cooking was similar for roast chicken cooked 
by the two methods. However, much of the dripping loss 
was evaporated by the conventional method but not by 
the electronic method. The products, in general, were as 



acceptable with electronic cooking as with conventional 
cooking with the exception of those recipes depending 
on slow cooking in acid medium such as tomato juice or 
barbecue sauce. In these cases the chicken was more 
tender with conventional methods of cooking. The time 
for electronic cooking was one-tenth to one-fourth the 
time necessary for conventional cooking, although addi
tional attention for turning, etc. was necessary in some 
cases. The electronic range appeared to be quite satisfac
tory for cooking of palatable chicken products. 

Another area of study in this project was determin
ing the feasibility of drying eggs in the electronic range 
as a means of determining total solids. This aspect was 
done in conjunction with Dr. Owen Cotterill of the 
Poultry Department. It appears that the electronic range 
may be used for making solids determinations quickly 
but accurately enough for many research purposes. 

Plans for the immediate future include the adaptation 
of high nutritive value recipes which have been devel
oped in the laboratory and other suitable recipes for use 
wi th Missouri herbs as a means of adding variety and 
flavor to these foods using Missouri products. Recipes of 
high nutritive value will also be adapted for use on low 
salt and certain allergy diets. Work will continue in com
parison of the quality of products and time required with 
use of new equipment available to the homemaker. This 
will include electric fry pans, deep fat fryers and the 
electronic range. With the electronic range, the effect of 
load and of size and shape of the load in relation to time 
will be studied further. 

Project 205-lmprovement of Soft Red Winter 
Wheat in Missouri 

LETA G. MAHARG, CLETA RODGERS, NANCY WEBB, 
NAOMI LIMING 

Objectives: 

A. To study factors which may have an effect on the 
flour and the baked product. 

B. To compare the quality of flour from new varieties of 
wheat with the quality of flour from known and acceptable 
varieties. 

C. To determine the use tests and methods which appear 
to be most sensitive to slight differences in measuring flour 
quality. 

This project is in cooperation with the Field Crops 
Department and with the help of Scott County Milling 
Company, Sikeston, Missouri. 

Wheat, particularly soft wheat, is an important com
modity for both the Missouri farmer and the Missouri 
miller. New varieties of wheat are being developed con
tinually which will increase return to the farmer. New 

methods of milling are also being developed. It is im
portant that research on the effect on culinary properties 
of flours made from these wheats and by these methods be 
known so that recommendations for their use may Se 
made before large investments in growing or milling are 
made. For this reason, the Home Economics Department 
cooperates with the Field Crops Department in testing 
the properties of new strains of wheat, etc. 

Work is continuing on the testing of flours from 
promising new strains of wheat as they are developed. 
These tests include baking as well ~s objective tests on 
the flours themselves. In addition, work on developing 
test methods is underway. Since it is thought that the 
time may come when the standard cake test will have to 
be made with dried rather than frozen egg white, efforts 
are being concentrated on improving methods of incorpo
ration of dried egg into test formulas so that cakes of 
quality comparable to those made with frozen egg whites 
may be developed. The effect of varying the method in 
cake and cookie formulae is also being studied. A mix 
method of preparing the formulae is being developed. 

Project 219-Economic Significance of Pork Grades 
in Relation to Consumer Acceptability and Prefer
ences Among Retail Cuts 

MARGARET MANGEL, RUTH COOK, 
LORRAINE MCNAMARA, BERNICE KORSCHGEN, 
NAOMI LIMING, NANCY WEBB 

Objectives: 

A. To determine by sampling what proportion of that 
consumer population detects a noticeable difference in eating 
satisfaction between two or more grades of pork for several im
portant cuts. 

B. To determine the grade preferred by those consumers 
expressing a preference. 

C. To determine insofar as possible the economic signifi
cance of those preferences. 

D. To determine whether or not those consumers with 
definite preferecnes are able to identify by visual inspection the 
grade they preferred. 

E. To determine by sales tests the merchandising po
tentialities of the various grades in terms of the grade or grades. 
to be sold and the prices charged in one or more retail stores. 

F. To determine the effect of various processing techniques 
of pork cuts (in relation to) consumer acceptability and prefer
ences. 

This study is being conducted in connection with 
Agricultural Economics and Animal Husbandry Depart
ments. The Home Economics Department has cooperated 
in the laboratory panels being conducted along with con
sumers' studies for the purpose of determining accepta-
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bility of pork in relation to firmness and amount of fat 

and the acceptability of ham in relation to saltiness and 

tenderness as well as the amount of fat. In addition , 

panels were planned in such a way as to make possible a 

study of factors affecting correlation between panel find

ings and those from consumers' studies. This should en

able us to improve the predictive value of the less ex

pensive panel procedure. 

Project 311-The Relation of Family Financial 

Security to the Use of Credit Resources by Rural 
Families 

MARGARET W. MANGEL, GEORGE w. COFFMAN, JR. , 

FRANK MILLER 

Objectives: 

A . To determine the ways in which rural Jctmilies use 

credit and the relationship between selected factors and its use. 

B. To discover the conditions that determine the types of 

credit used and to develop criteria for helping rural familie.r 

toward better use of it. 

This is a project being conducted as part of the 

North Central Regional Research in Family Economics. 

At the Missouri Experiment Station, the Departments of 

Agricultural Economics and Home Economics are co

operating with Iowa Experiment Station in a study of 

understanding and use of credit among rural families. 

One survey in Northern Missouri has been completed 

and certain pertinent aspects of results are being analyzed 

for publication. Additional analyses will be done during 

the coming year. Plans for further surveys in additional 

areas of the the state are underway. 

Project 314-The Factors Affecting the Palatability 

and Nutritive Value of Poultry 

NANCY WEBB, CECELIA PUDELKEWICZ, 

LETA G. MAHARG, HELEN GORDON, 

LINDA WHITWORTH 

Objectives: 

A. To determine the loss of water soluble organic ma

terial due to processing. 
B. To determine the possibility of nutritive loss due to 

the influence of packaging materials and storage conditions. 

C. To determine the amount of 1) heat labile vitamins, 

and 2) essential amino acids, lysine and methionine, in raw 

meat as well as in meat cooked by frying, roasting, and broil

mg. 
D. To conduct palatability tests on poultry prepared by 

different processing methods and cooking procedures in order to 

determine methods which will produce more acceptable products. 
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This study is being conducted in cooperation with 
the Poultry Husbandry and Agricultural Economics De

partments and the Station Laboratories. Home Economics 

aspects include both study of nutritive value and factors 

affecting nutritive value and flavor of poultry . During the 

past year, the effect of cooling method and cooking on 

protein, moisture, methionine, lysine, thiamine and ribo

flavin value of poultry was studied. Fowl which had been 

raised, fed and processed under similar conditions were 

cooled by air for 3 hours and 18 hours and in ice slush 

for 3 hours and 18 hours. The air-chilled birds were des

ignated the controls. The left side of each carcass was 

cooked in a pressure saucepan at 10 lbs. pressure for 35 

minutes while the corresponding right side was analyzed 

raw. 

Results indicated that neither ice water chilling nor 

cooking had any detrimental effect on lysine and methion

ine content of fowl. There was a tendency for dark meat 

to have 8% more lysine than light meat. Broth obtained 

from light meat contained more protein but less lysine 

than that from dark meat. The quantity of these nutrients 

in broth was small however. Fowl chilled in ice water 
slush showed no loss of thiamine or riboflavin. Loss of 

riboflavin by cooking was 14% in light meat, 23% in 

dark meat; loss of thiamine was 61% in light meat and 

48% in dark meat. No valid conclusions could be drawn 

as differences between treatments were smaller or of the 

same magnitude as individual variations among birds. 

The study on the effect of cooking method on flavor 

of poultry was an attempt to determine whether one 

'method was more sensitive than another in detecting dif

ferences due to processing or other variables. There is 

considerable disagreement as to preferred method for 
cooking chicken for laboratory panels and little uni

formity in methods used by different laboratories. 
For this reason, we undertook to develop a pro

cedure for measuring the effect of cooking method on 

the ability of a trained panel to detect a small controlled 

difference. The two methods of cooking of light and 

dark broiler meats were deep fat frying and oven broil
ing. At first an attempt was made to find a naturally oc

curring poultry product which was similar to chicken 
broiler meat in texture, color and flavor, but which could 

be distinguished from it after a short training period. 

Turkey broiler meat was tested, but was too different 

from chicken broiler meat to be useful in a study such as 

the one projected here. The variable finally used was the 
soaking of the experimental birds in monosodium gluta

mate solutions. At higher levels, the difference in flavor 

imparted by the glutamate solution was so great that the 

panel was able to distinguish the glutamate treated meat 

readily in both light and dark meat and whether fried or 
broiled. 



When the glutamate was reduced to 0.28 per cent , 
it produced a change in flavor which was identifiable 
enough to show significant difference in method. At this 
level of monosodium glutamate, oven broiling of dark 
meat seemed to be the most sensitive method of pre
paring broilers for taste panel evaluation. It is felt that 
by this procedure for measuring sensitivity of method it 
is possible to compare the effectiveness of two methods 
of food preparation and that this method could be ap
plied to other types of food products. 

During the coming year study will continue on de
termining the amount of heat labile vitamins , the es
sential amino acids, lysine and methionine, in raw meat 
as well as in meat cooked by frying , roasting and broil
ing. It is also planned to develop and standardize methods 
for preparation of poultry for panel tests and to select 
and test equipment of measuring devices to be recom
mended in the use of preparation of poultry. 

Work will continue on finding more sensitive meth
ods for palatability tasting of this product. Part of the 
work during the coming year will involve a study of nu
tritive value and palatability of poultry grown on purified 
and practical diets using the same processing methods. 

Project 320-Physical Properties of Cotton Shirting 
Fabrics Containing Crease Resistant Finishes 

ADELLA GINTER, JUDY CARR, MARTHA EDEN, . 

MARIE JONES, CAROLYN FRIESZ, CECILIA ALEGARBES 

Objectives: 

A To compare some ph.ysical properties of cotton fabrics 
of similar construction but varying in finish. 

B. To determine the variability among the physical prop
erties of cotton fabrics treated with crease resistant finishes. 

Six varieties of resin finished shirts were bought on 
the retail market and laboratory measures made on them 
for possible comparison with the variety used in Project 
162 which gave poor service. Analysis and interpreta
tion of results of this study have not been completed. 

Project 336-Time and Temperature Tolerances 
(Product Climatology) of Meats and Meat Pro
ducts From Processing Through Distributive Chan
nels to Consumers and Their Relationship to Pre
ferences and Acceptability of the Consumers 

ISABELLE DELANEY, MAHLA lVEY, MARGARET MANGEL 

Objectives: 

A . To develop the required information for predicting 
the storage or distribution life of meat and meat products as 
influenced by: {1) initial composition and nature, (2) initial 
and subsequent microbial innoculation, (3) processing treat-

ments, ( 4) other environmental influences encountered in the 
distribution and handling of these products. 

B. To develop objective and subjective methods leading 
to predictive standards for the storage and distribution life of 
these products. 

C. To determine the influence of the foregoing variables 
(a - 1 - 2 - 3 - 4) as to their acceptability. 

This project is being conducted in cooperation with 
the Animal Husbandry and Agricultural Economics De
partments. A questionnaire on home storage practices 
has been developed and tested in a pilot study of 35 
families. Following revision of the questionnaire on the 
basis of the pilot study, a sample of 70 families was 
drawn from the southwest stction of Columbia, Missouri 
Sixty-one families completed the study. The homemakers 
in these families were interviewed in their own homes by 
one interviewer. Results are being coded for computation, 
and will be interpreted and a manuscript prepared in the 
next few months. In connection with the interview, tem
peratures of home refrigerators and freezers were recorded 
in an attempt to determine the range of conditions exist
ing in homes whose storage practices were being studied. 
No lab work has been undertaken to date. 

Certain conditions of wrapping and storage tempera
tures found in the survey will be duplicated in the lab
oratory in an attempt to determine the changes in mois
ture and palatability in specified cuts of meat ~ith differ
ent wrapping materials and techniques and different 
tern peratures. 

Sufficient numbers of the specified meat cuts will be 
wrapped and stored in the food research laboratories 
under conditions being investigated to provide samples 
for adequate panel evaluation . Recommendations for 
home storage will be developed if information gained 
trom the study is adequate. 

Project 349-lmproving the Acceptability of Meat 

MARGARET MANGEL, LETA G. MAHARG, 

CLETA RODGERS, NAOMI LIMING, 

LORRAINE McNAMARA 

Objectives: 

A. To improve the eating qualities of meat and to dis
cover the potential of cooking methods, processing methods, 
breeding, and feeding in such improvement. 

B. To improve the acceptability of meat as it is affected 
by buyer attitudes and motivations. 

C. To improve the merchandising characteristics of meat 
which affict handler and buyer utility. 

D. To improve the predictability of acceptance (both eat
ing and non-eating) of various cuts from animals of specified 
characteristics. 
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E. To explore the economic implications of improved meat 
acceptability for the producer, merchandiser, and consumer. 

This is a project undertaken in cooperation with the 
Animal Husbandry and Agricultural Economics Depart
ments. To date, the Home Economics aspects of the 
work have been the systematic study of the effect of 
preparation method, equipment and temperatures on pala
tability and objective measures of quality of less tender 
cuts of meat of different grades. At present very little 
direction is given to the homemaker as to suitable cook
ing method for cooking purchased meats. This is due in 
part to lack of adequate information regarding actual ef
fects of cooking method on acceptability of various cuts 
and qualities of meats. It is hoped that this work will 
contribute to satisfaction with the use of less uniformly 
tender cuts and leaner grades of beef when cooked by 
shorter methods and will help to develop recommenda
tions for preparation of these cuts and grades. So far, 
top rounds from Choice and from Standard carcasses have 
been studied. Steaks have been dry roasted at 50° in
tervals at temperatures from 250 to 500° Fahrenheit, to 
an internal temperature of 155° F. Oven temperatures 
less than 400 were not found to be satisfactory because 
of the length of time of cooking and because the meat 
was dry, tough and low in flavor. Quality of meat cooked 
in the oven above 400° F was quite good in general and 
similar to that prepared by broiling. No difference in 
cooking at the top and bottom of the oven could be de
termined. Cooking in the electric fry pan with or without 
a lid produced acceptable products but less so than the 
oven method. A skillet on the control burner of a range 
did not appear to give as good results as the electric fry
pan. The actual temperature of the skillet varied con
siderably due to the temperature range between the cut
ting off and turning on of the burner. The 1959 improve
ments in control burners may change this finding. The 
conventional broiling method did give satisfactory re
sults. These preliminary results have served to establish 
certain criteria and standards for the preparation of meat. 
Much more work needs to be done in evaluating the ef
fect of rate of heat penetration, final temper~ture, quality 
of the meat and other factors on acceptability of meats 
from these less tender cuts for quick preparation methods. 

Panel studies in evaluating seasonal qifferehces in 
grades in connection with consumer studies conducted 
in St. Louis are under way and will be continued into 
next year. 

Project 352-Factors Influencing the Stability of 
Anthocyanin Pigments in Fruits During Processing 
and Storage 

MINA GLIDDEN 

Objectives: 
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A. To study methods for comparison and compare the 
effect of various processing treatments and storage conditions on 
the rate of deterioration of pure anthocyanin solutions and 
anthocyanins in fruit products. 

B. To study the change in chemical composition of the 
anthocyanin during its deterioration. 

C. To study the effect of acceptable food additives such as 
oxidizing and reducing agents, an.d collodial reagents, (such 
as pectins and starches) appropriate for processing on the sta
bility of anthocyanins. 

D. To study the influence of color deterioration on flavor 
and general acceptability of fruit products. 

Highly colored fruit products such as strawberry 
jams and jellies are known to undergo deterioration in 
color during processing and storage. This deterioration in 
color results in a reddish brown product which has less 
sales appeal to the consumer. Blakemore strawberries, a 
variety common in Missouri have been selected for the 
study. One hundred quarts of berries were obtained from 
the 1958 crop and prepared for freezing. They were frozen 
without the addition of sugar. These berries were thawed 
in small lots and pureed. The puree was used in the pre
liminary studies for the development of a method for ex
tracting the pure pigment from the fruit. These methods 
are still in the process of development. The study of 
chemical behavior of the pure pigment under various 
conditions should enable development of methods for 
preservation of the bright red color in stored jams and 
jellies. 

Project 353-Development of Age Norms for 
Guidance in Working with Rural Youth 

RUTH COOPER, MIRIAM IRONS, MARY ALICE HUBERT 

Objectives: 

A. To develop age norms for children's emotional growth 
that will be comparable in usefulness to present age norms for 
physical and mental growth. 

B. To evaluate the usefulness of these norms with children 
from di.lferent environments and in particular to determzne 
the implications of the above findings for professional workers 
and homemakers in dealing with rural youth. 

Rural parents in contrast to those in urban areas 
have less ready access to the services of pediatricians, 
school psychologists, child guidance clinics, and other 
sources of information about children's emotional devel
opment. Frequently they turn to extension workers for 
such information. The extension workers do their best 
but most of them are aware of the need f01; more objec
tive information before giving their opinion as to 
whether or not a child's behavior is "normal" for his age. 



There is reason to think that rural children mature 

emotionally more rapidly than urban children but we 

need specific evidence to support this view. 

One method of obtaining information on children's 

emotional development is to study carefully selected 

groups of children for several years. At first this seemed 

the most desirable method but it is prohibitively time

consuming and extremely difficult to keep a group of 

children together for several years in our on-the-move 

population. 
At the present time we are in the process of prepar

ing "behavior inventories" or questionnaires to be given 

to parents of children of different ages. These will be pre

tested, revised if necessary, and then administered on a 

mass scale in both rural and urban areas. The results of 

these surveys should give us a valuable "cross-section" 

view of chiidren's emotional development at different 

ages and in different environments. 

Project 377 -Household Discard of Edible Foods 

ISABELLE DELANEY 

Objeaives: 

A. To obtain information on the discard of food brought 

into the household for consumption by selected families to be 

used in conjunction with similar data with other regions of 

the country to: (1 ) improve appraisals of dietary adequacy of 

family food consumption and (2) formulate more realistic 

familyjoodplans and guides for nutrition education. 

B. To determine the feasibility of area sampling in die

tary studies of this nature. 

At the present time our information regarding family 

food consumption is· based upon the disappearance of 

foods from the market place. Attempts have been made 

to determine the amount of food discard in the home 

and hence the amount of food eaten by the family mem-

bers but results have invariably shown the corrected fig

ures to be ii1glier in caloric values than is believed pos

sible on the basis of needs for maintenance as indicated 

by laboratory studies. Current interest in the kind and 

amount of fat in diets and the relation of levels of calorie 

and fat intake to the state of health of various segments 

of the population has increased the urgency for a bridge 

between knowledge gained from economic consumption 

studies and from physiological studies on ingestion of 

food. It is believed that fats may be lost or discarded to a 

greater extent than other types of food in the kitchen and 

at the table. Since an increasingly large share of the fat 

in present day diets comes into the household as part of 

other foods, it is necessary to study total food consump

tion. This project undertaken in connection with the 

Rural Sociology Department of the Missouri Experiment 

Station and the Household Economics Research Division 

of the Agricultural Research Service makes a careful sur

vey of food brought into the home and that discarded by 

a group of 60 selected families in rural area in Missouri. 

While only 2 to 3 food groups will be studied at a time, 

eventually discard of all types of food will be covered 

with essentially the same families. Meats, poultry, fish, 

fat and oil discards are being studied in the spring of 

1959. ~hese will be followed by studies of grain products; 

sugars and sweets ; fruits, vegetables, nuts; dairy products 

(excluding butter) and eggs. It is hoped that factors suita

ble for correcting big food consumption surveys may be 

develop.ed by this and similar studies in other parts of 

the country. Our ability to determine actual food intakes 

for families under actual living conditions is e~tremely 

important for the development of family food plans, . 

guides for nutrition information and appraising the die

tary adequacy of family food consumption. It is hoped 

that this type of study- can be followed by studies in 

which more information may be gained in regard to indi

vidual family member food consumption. 
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Horticulture 
R. A. Schroeder, Chairman 

Project 1-Use of Water in Production of 
Horticultural Crops 

A. D. HIBBARD , V. N. LAMBETH, J. N. CORGAN 

Objectives: 

A. The utilization of soil moisture by fruit crops. 
B. Investigations in the moisture relationships and sup· 

plemental irrigation of vegetable crops. 
C. The build-up of soil moi.rture reserves and their utiliza

tion by fruit trees. 

Soil moisture deficits did not occur in the coopera· 
rive orchards this season on account of excessive rainfall 
during the growing season. Where moisture blocks were 
installed in a young orchard for the determination of 
root development and soil moisture utilization by the ex
tending root systems, there was a very small effect, if 
any, brought about by the fruit trees. The moisture de
pletion observed was due almost entirely to the cover 
crop. These studies will be continued for several seasons. 

Tuckcross "0" hybrid tomato plants were grown to 
fruiting stage in a menfro silt loam soil differentially 
irrigated (pot culture) to provide variations in length of 
period moisture stress up to five days. There was no sig
nificant difference in flower production, percentage flower 
set or percentage of fruit with seed when irrigation was 
used to maintain available soil moisture in the range 50 
percent field capacities compared to 20 percent field 
capacity. The number of fruit setting on per plant was 
reduced approximately one-half by a delay of 2 days in 
irrigation after the moisture was depleted to the 20 per
cent level and to approximately one-fourth by a five-day 
interval under moisture stress. In addition, the percen
tage of parthenocarpic fruit increased markedly where 
irrigation was delayed. 

Extremely heavy rainfall durin:g the months of June, 
July and August seriously interfered with this study on 
the effectiveness of orchard soil moisture reserves. No 
data were collected from cooperating commercial orchards. 
At the New Franklin farm late irrigations were given to 
young peaches and apples which loaded the soils to field 
capacity to the six-foot depth. Natural precipitation did 
not bring this soil up to the same level until February 
1959. Observations will be made this season but the treat
ments will probably have to be continued over several 
seasons before any definite results can be secured. No 
differences were observed on time of leaf fall, wood rna-
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turity or survival of fruit buds following a mid-winter 
cold period of -13 oF. Data have not been secured from 
pot cultures of young apple trees over-wintered at vary· 
ing degrees of moisture stress. 

Project 4-Nutrition of Fruits Crops 

A. D. HIBBARD, H. G. SwARTWOUT, D. D. HEMPHILL, 

J. N. CORGAN 

Objectives: 

A. Nutritional status of Mi.rsouri orchards. 
B. Nutrition of strawberries. 
C. Nutrition of grapes. 

Apple and peach leaf samples were collected from 
various areas of the state and analyzed for P, K, Ca and 
Mg in order to locate any areas of deficiency and also to 
make yearly comparisons of samples from the same or
chards. All apple leaf samples taken from the vicinity of 
Louisiana, Missouri were low in K. Some were extremely 
low and one orchard showed severe K deficiency symp
toms. Phosphorus level was about the same as in 1957 
with the Ozark area showing near critical levels. Ca and 
Mg were adequate in all apple leaf samples. Peach leaf 
samples from southeast Missouri tended to be low in K. 
Severe deficiency symptoms were observed in one or
chard. Deficiencies of other elements were not found in 
peaches. 

Manganese foliage sprays were again applied to Mn 
deficient apple trees. Treatments were: (1) Maneb at 2 
lbs. per 100 gals. and (2) MnS0 4 at 4 lb. per 100 gals. 
This year only one application was made on June 10. 
Samples were also taken from plots sprayed in 1957 and 
analyzed for Mn. The following table shows the results 
of the analyses: 

One spray of MnS04 was sufficient to correct the 
deficiency. However, one spray of Maneb did not raise 
the Mn content of the leaves above the crl.tical level. 
Results in 1957 indicated that two sprays of Maneb at 
2 lbs. per 100 gals. did raise the leaf concentration to ade
quate level. Some .carry-over effects from 1957 sprays of 
MnS04 were evident in 1958. Mn chelate applied in 1957 
had little effect on leaf Mn either in 1957 or 1958. 

An experiment was set up to evaluate the effect of 
moisture stress at various periods of the growing season 
and in the dormant season on the uptake of phosphorus 
by apple seedlings. Data from this experiment will not 
be available until fall, 1959. 



Second year yields indicated, as was the case with 

first year yields, that a high level of potassium (3 79 

pounds/ A) were detrimental to the yield of strawberries 

when compared to a lower level of 212 pounds/ A. A 300 

pound/ A level of P2 0 5 gave higher yields than 80 and 

15 0 pound levels. Ini rial level of n u trien rs based on Mis

souri soil test. 
Leaf samples of grapes were collected from several 

vineyards in the Rosati area of the Ozark region and 

analyzed for potassium to locate areas of potassium de

ficiency. Leaves with a browning of interveinal areas were 

found to be low in potassium. Vines showing these symp

toms were scattered irregularly through many vineyards but 

were much more prevalent than in 1957, moderately light 

crop year. The very heavy crop this year ( 1958) appar

ently accentuated a low potassium level in the soil. 

Project 27-The Use of Antibiotics and Antibacterial 

Substances in the Control of Horticultural Crop 

Diseases 

R. A. ScHROEDER, R. N. GooDMAN, R. F. BECKER 

Objectives: 

A. Fireblight control. 
B. Control of horticulture crop diseases with antibiotics. 

C. Study of absorption, translocation and residues of an-

tibiotics in plants and plant tissues and of the effect of tem

perature, light and growth regulators upon absorption. 

Under field conditions, streptomycin gave excellent 

control of fireblight of pears. No blossom infections were 

·detected. 
The antifungal antibiotics oligomycin and cyclohexi

mide were shown to inhibit fruit rot development of 

artificially inoculated stra wherries 48 hours after treat

ment. The berries were dipped for 1 minute in 110 ppm 

solutions of the antibiotics. Oxytetracycline at 125 ppm 

plus naphthyl acetamide at 30 ppm completely eradicated 

crown gall in the roots of Myroblan plum seedlings. 

Oxytetracycline alone, at 125 ppm, gave 87 percent con

trol. 
Streptomycin at 50 ppm reduced the number of 

fruit exhibiting bacterial spot (X. pruni). Sixty-three per

cent of the fruit from sprayed trees were found to be 

disease-free at harvest; only 24 percent of unsprayed con

trol fruit did not show bacterial spot infection. 

Naphthyl acetamide and gibberellic acid at 20 and 

30 ppm, respectively,. increased streptomycin absorption 

by bean leaves 212 times. 
Bioassay of coleus, apple and pepper leaves previously 

floated for 24 or 48 hours on 0.5 percent water agar con

taining streptomycin alone or in combination with the 

dextrose or gibberellic acid revealed the following facts: 

a. in general, absorption by the upper leaf surface 

was superior to lower-surface absorption. 

b. Leaves incubated at 28° C absorbed 2 to 3 times 

as much streptomycin as those incubated at 10° C. 

c. Incubation under illumination increased the up

take of the uptake of the antibiotic. 

d. More streptomycin was absorbed after a 48-hour 

incubation period than after an incubation period of 

only 24 hours. 
e. Metabolites such as dextrose and the growth regu

lator gibberellic acid seemed to affect the rate of ab

sorption. 

Project 68-Virus Diseases of Stone Fruits 

D. F. MILLIKAN, MILTON ZAITLIN, R. E. BROWN, 

GEORGE HALL 

Objectives: 

A . Identification and eradication of virus infection in our 

commercial and nursery stocks. 
B. Virus spread in nursery and orchard trees. 
C. Pome fruit virus studies. 

In addition to the stone fruit virus studies, some 

preliminary work has been started on indexing apple 

scion source material. The latter phase is still quite pre

liminary and consequently can be reporred on in greater de

tail in the 1960 report. 
Eradication of virus infection in the stone fruit crop 

still depends upon detection of infection through our in

dexing program. During this past season one scion block 

was indexed for the fourth time since it was established. 

Three trees were found to be infected and were promptly 

removed. Accumulated data on this block indicates that 

we are getting good control with our indexing program. 

Inasmuch as Montmorency and flowering cherry, 

standard indexing hosts, miss some virus disorders pres

ent in other areas, but as yet absent in Missouri, we are 

searching for superior indicators. Over 20 clones of Prurzus 

have been tested with 8 sources of virus infection in --tbis 

program and several more are to be tested. 

Although our experimental evidence suggests that 

the ring spot virus actually does not spread very rapidly 

in Missouri we still need more information on this aspect 

of the problem. This past season we have approached 

this problem by starting a long range study of virus 

spread and its economic implications in the variety peach 

orchard on the New Horticulture Farm. A total of 512 

trees were tested and 42 were found to be infected with 

the ring spot virus. All but two were removed and re

planted with other trees. These two we~e part ,of another 

long range experiment and could not ·be eliminated. 

Greatest emphasis on this project has been to collect 
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and increase material presumed to be virus-free (on basis 
of present tests) and to find superior indicators for the 
detection of virus infection . Considerable apple varietal 
material has been collected and is being increased but we 
still need a better indicator to detect virus infection. Sev
eral promising species and/or varieties have been found 
and will be tested further after being sufficiently in
creased. 

Project 116-Setting up Horticulture Farm Staff
Department of Horticulture 

Cleared additional "shoreline" around 30-acre lake. 
Constructed several sections of exterior fencing ( :tpprox. 
1000 ft.). Routine maintenance on entire 300 acres. 

Project 1 26-Culture of Stone Fruits 

A. D. HIBBARD, J. N. CORGAN 

Peach varieties 

The variety planting made satisfactory growth for the 
third year in the orchard. Five new introductions were 
added. The entire collection was screened for latent virus 
ring spot infection and the reacting trees removed. Notes 
were taken on flower production following winter cold 
of 10°F. but none of the bloom was sufficiently strong to 
withstand late spring frosts and no crop was produced on 
these trees. All varieties set a good crop of fruit buds for 
the 1959 bloom. 

Thinning 

Studies were continued on the timing of .thinning 
sprays of naphthyl phthylamic acid (A.C.P.) peach thin. 
Applications made two, four, and six days after full bloom 
at the concentration of 200 ppm to five year Redhaven 
trees give the results presented in Table 1. 

TABLE 1 TIME OF APPLICATION-DAYS AFTER FULL BLOOM 

Relative set 96 
Yield lbs./tree 
Fruit size 

lbs./fruit 

No Spray 2 2 6 
100 45 30 32 
173 102 66 70 
.20 .27 .28 .30 

The weather was unusually cool with minimum 
temperature in the forties and frequent rains throughout 
the spraying period and the week following. The ma
terial was quite effective under these conditions and some
what over thinned the crop on these trees. 

Soil management 

Differential treatments for the block growing for soil 
management studies were delayed until a uniformity trial 
couid be made on the trees with respect to both 
growth and yields. 
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Pruning 

Experiments were continued on pruning intensity 
with the Redhaven trees which were in their fourth sea
son. A good crop for trees of this age was secured. The 
results are presented in the following table. 

TABLE 2 

Intensity of Pruning 

None Light Moderate Heavy 
Yield lbs./tree 103.00 120.00 96.00 82.00 
Size of fruit- .27 .26 .23 .25 

lbs. each 
Circumference of 14.40 14.35 14.35 14.00 

trunk -inches 
Spread radius 6.68 6.92 6.78 6.75 

in feet 

There was a slight increase in yield from the light 
pruning treatment and a definite reduction from the 
moderate and heavy treatments. There was no detectable 
effect on growth as indicated from trunk and spread 
measurements. 

The possible effects of localizing the pruning treat
ment to the upper or lower portions of the trees was also 
studied but no definite effects were detectable this season. 

Project 128-Breeding, Improvements, and Te~t
ing of Vegetable Varieties. 

V. N . LAMBETH, A. D. HIBBARD, PAUL PRASHAR 

Objectives: 

A. The Breeding of Disease Resistant Watermelons for 
Commercial Production in Missouri. 

B. Evaluation of Wilt Resistant Hybrids of L. pimpinel
lifolium x L. esculentum and breeding for improved horticul
tural characteristics. 

C. Evaluation of Sweet Potato Varieties and Breeding 
Stock. 

D. North Central Regional Irish Potato Trials. 
Watermelon variety trials were conducted in co

operation with the Southern Regional Trials. Because of 
adverse growing conditions yield data was unsatisfactory. 
Observations were made on a late set crop. The new 
varieties Hope Diamond and Summit gave the best per
formance in 1958. 

A number of F1 hybrids between the New Hamp
shire Midget and a number of standard size commercial 
varieties were evaluated. Most produced 10 to 15 pound 
melons with the external appearance of the standard 
variety parent. The F1 hybrid with Blackstone was most 
desirable although all were acceptable. 

Further selections for uniformity was made on the 
BD 35 Breeding lines for uniformity of desirable com
mercial characteristics. 



Further selection was made in lines which include 

disease resistance in the ice box type. Also the crosses to 

combine the golden rind color with the bush ha:bit were 

continued, with substantial development towards this 

goal. 
Trials were also run on a number of cantaloupe 

varieties for commercial evaluation. Varieties of the 

Queen of Colorado types did much bett~r than those 

resembling the Hales Best. 

Greenhouse Forcing Types 

Several new pink-fruited hybrid combinations in

volving cladosporium-resistant parent lines were devel

oped. Performance testing, screening for disease resistance 

and further selection (within segregating stock) was con

tinued on 6 F1 hybrids, 2 varieties and 12 segregating and 

un-named breeding lines. Three pink inbred lines show

ing resistance to Cladosporium and having diverse pedi

grees are approaching satisfactory levels of genetic sta

bility and show promise in hybrid combinations. The red

fruited Tuckcross hybrids are now well established in 

commercial plantings throughout the United States, 

Canada and Nova Scotia. 

Early Market-Types-Staked Field Planting 

Approximately 25 new hybrid combinations were 

made. Early planting at the Horticultural Experiment 

Farm included 32 Missouri Station hybrids (F1 ) 3 com

mercial hybrids, 1 standard variety and 6 segregating 

breeding lines. Evaluations were made for early yield, 

seasonal yield, size of fruit, freedom from radial and con

centric cracking, fruit shape, meatiness and color. 

In addition to confirming superior performance and 

qualities of several hybrids tested in 1957, several new 

hybrid combinations were found worthy of further test

ing and development. Two hybrid combinations were 

harned: 
MoCross Surprise (Mozark X Sioux) 
MoCross Supreme (Kc182 E5B X 15-9/ 4 St-2) 

Further progress was made in incorporating resist

ance to fruit cracking into the Missouri stock. 

General Purpose and Processing Types-Unstaked 

planting 

Approximately 30 new hybrid combinations were 

made and evaluated. Evaluation of early and seasonal 

yield and of plant and fruit type characters was continued 

on 34 Mo. Exp. Station Hybrids, one commercial hy

brid, 10 lines and hybrids in the STEP trials, 3 com

mercial varieties and 6 Mo. Exp. Sta. breeding lines. Re

sults obtained with promising stock in 1957 were con

firmed and several additional promising hybrids of the 

short-vine concentrated-set type were selected as promis

ing. 
The varieties Mosage and Mozark were released and 

foundation seed distributed to seed firms and breeders. 

Evaluation ot Sweet Potato Varieties and Breeding 

Stock. 

Participation in the Southeastern Sweetpotato Pro

gram was continued to the extent of conducting the "Un

iform Regional Trials" and "Observational Trials of Ex

isting and New Introductions." Nine named varieties 

and advanced breeding lines were evaluated in the former 

tests and ten breeding lines in the latter. Good evalua

tions were obtained for both performance and type char

acteristics. Only L3-77 from the Louisiana station was 

recommended for release; HM288 and M-97-4 were rec

ommended for advancement to the Uniform Regional 

Trials. 

North Central Regional Irish Potato Trials 

In these trials, 18 varieties and advanced breeding 

lines were tested, including the "check" varieties Triumph, 

Cobbler and Red Pontiac. Excessive rainfall contributed 

to considerable tuber rot and comparatively low yields; 

however, significant varietal differences were apparent. 

Highest general merit ratings were awarded to ND3324-2, 

Norland and Wise. Ag. 120-high yielding varieties with 

a minimum of external and internal defects. B605-10, Ag 

29, l-i140-1, Triumph and Cobbler showed high inci

dence of external tuber defects while B605-10, 1-801-10, 

B236-8, Wise. X 137.52 and Pontiac showed 4 percent or 

more vascular discoloration. Highest specific gravity was 

shown by I-1111-10. 

Project 1 29-Physiological Mechanisms of Repro

duction In Horticultural Plants 

D. D. HEMPHILL, R. B. NEVINS, JOHN LOWER 

Objectives: 

A. To determine effects of growth-regulating substances 

and cold treatment on flower bud differentiation in the tomato. 
B. To determine effects of growth-regulating substances 

on fruit set. 
C To determine effects of certain growth-regulating sub

stances on vegetative growth of certain horticultural ptants. 

D. To determine physiological relatiom during rest peri

od of fruit buds. 

Cold treatment (50-55° F night temperature for two 

weeks) dicl not give a consistant significant increase in 

flower bud differentiation. 
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N-meta-tolyl phthalamic acid, N-ortho-chlorophenyl 
phthalamic acid and 2,3-dichlorophe&~yl phthalamic acid 
increased flower bud differentiation with most effect on 
first and second clusters. The chemicals -did not improve 
fruit set or increase marketable yield of tomatoes. 

N-ortho-chorophenyl phthalamic and 2,3-dichloro
phenyl phthalamic acids may reduce apical dominance 
and internode length, increase branching and reduce 
elongation ordinarily produced by gibberellins alone. 
Terminal oxidase activity of dormant buds studied by 
Warburg apparatus. Activity increased as cold require
ment was satisfied. 

Presently studies are underway on the extraction and 
assay of native gibberellins using curtain electrophoresis 
apparatus. 

Project 146-Control of Weeds in Horticultural 
Crops 

D. D. HEMPHILL 

Objectives: 

A. To evaluate chemicals for use in grape vineyards. 
B. To evaluate chemicals for use in strawberry plantings. 
C. To evaluate chemicals for use in vegetable and flower 

crops. 
D. To evaluae chemicals for use in ornamental nurseries. 
E. To evaluate chemicals for use in control of lawn weeds. 
F. To evaluate chemicals for use in control of vegetation 

around apple and peach trees. 

Simazin (2-chloro-4, 6 his (ethylamino]-S-trianzine) 
diuron (3,4-dichlorophenyl-1, !-dimethyl urea) and CIPC 
(isopropyl-N-[3-chlorophenyl] carbamate) gave satis
factory weed control without evidence of injury. 

Sesone (sodium 2,4-dichlorophenoxyethyl sulfate) 
EPTC (ethyl N, N-di-n-propylthiolcarbamate) and 3Y9 
(tris-2,4-dichlorophenoxyethyl phosphate) as spray appli
cations were most satisfactory on newly planted straw
berries. Granular 2,4-D, CIPC, EPTC, 3Y9 and CDDA 
(2-chloro-N, N-diallylacetamide) gave excellent control 
of crabgrass during the fruiting season. 

Granular EPTC, CIPC, CDAA and CDEC (2-
chloroallyl diethyldithicarbamate) were tested in anum
ber of vegetable crops and were found to be considerably 
less injurious than liquid applications. None of the new 
chemicals appeared promising. Granular CIPC and 
simazin gave excellent results in extensive tests in trans
planted nursery stock. 

No pre-emergence crabgrass control treatment was 
satisfactory in 1958 under heavy minfall. AMA (am
monium methyl arsonate) gave most effective and satis
factory post-emergence control of crabgrass. Amino tria-
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zole and diuron gave excellent control of weeds and grass 
beneath bearing apple trees. Simazin, diuron, 3 Y9 and 
CIPC were satisfactory for use around young trees. 
Simazin gave satisfactory weed control without injury 
under young peach trees. 

Project 169-Promotion of Horticulture Staff-De
partment of Horticulture 

Report of research findings and recommendations 
were given to the horticultural crop producers in the 
state through the following department publications: 

1. Horticultural News 
2. Floricultural News 
3. Vegetable News 
4. Weekly Spray Letter 
The apple merchandising work of bringing pro

ducer and buyer in touch with each other in the form of 
an up"to-date availability of apple letters. 

The attending of horticultural meetings by all staff 
members to present information of interest to producers 
and other research workers. 

Assisted in the conduction of Short Courses in the 
fields of Floriculture, Landscape Gardening, Vegetable 
Growing, Fruit Production and Food Processing. 

Project 194-Downy Mildew and Black Rot Control 
on Grapes 

R. A. SCHROEDER, H. G. SWARTWOUT 

Objectives: 

Evaluation of fungicides for the control of downy mildew 
and black rot. 

Zineb 2, Cyprex \12 . + zineb 1, Cyprex \12 + ferbam 
1, Ferbam + Phaltan 1 and ferbam 1 + zineb 1 in all 
season programs were evaluated against ferbam 1 for 
black,rot and downy mildew control and for plant injury. 
The general average for black rot control in percentage of 
affected berries was ferbam 23.5; zineb 16.9; Cyprex + 
Zineb 9.4; Cyprex + ferbam 7.6; ferbam + Phaltan 5.7; 
ferbam + zineb 11.3; unsprayed control 90.9. Against 
downy mildew Zineb, Cyprex + zineb; ferbam + 
Phaltan and ferbam + zineb gave almost complete con
trol; cyprex + ferbam was erratic from excellent to only 
fair; ferbam poor. Unsprayed controls were nearly de
foliated. Phaltan with summer temperatures caused a 
bleaching of the interior of the leaf blades and caused a 
delay in the ripening of the fruit. Cyprex caused a scatter
ing of fruit spotting and a trace of leaf dwarfing. No in
jury observed with the other materials and combinations. 



Project 195-Hormone Sprays for Fruit Thinning 
and Control of Preharvest Drops 

D. D. HEMPHILL 

Objeaives: 

A. To attempt to thin satisfactorily certain varieties of 
apples with naphthaleneacetic acid and naphthylacetamide ap
plied separately and in combination. 

B. To determine proper concentrations and times applica
tion of N-1 naphthylphthalamic. acid for thinning different 
varieties of peaches. 

Jonathan and Red Delicious varieties of apples thin
ned satisfactorily by both naphthaleneacetic acid and 
naphthylacetamide. Naphthylaceramide alone appears 
more satisfactory than naphthaleneacetic acid or combi
nation of naphthaleneacetic acid and naphthylacetamide. 

Golden Delicious variety was difficult to thin with 
naphthylacetamide or combinations of naphthaleneacetic 
acid and naphthylacetamide. High concentrations of 
naphthaleneacetic acid (280 and 30 p. p.m.) caused notice
able foliage injury. 

Extensive experiments were conducted with N-1 
naphthylphthalamic acid on the Horticultural Farm and 
in grower orchards. Golden Jubilee, Elberta, Red Haven, 
Halehaven, Triogem, Fairhaven, Eclipse and Starking 
Delicious varieties thinned satisfactorily with a concen
tration of 200 p.p.m. applied 2 days after full bloom. 

Burbank Elberta, Champion and some Red Haven 
(Older trees) not thinned adequately by concentration of 

200 p.p.m: 

Project 196-Response of Vegetables to Establish
ed Cationic Saturation Levels on Low Exchange 
Soils 

V. N . LAMBETH, PROSANTO BISW AS, ALLAN PURDY 

Objeaives: 

Evaluation of cation exchange capacity of roots of vegeta
ble species. 

Eleven vegetable crops were grown in gravel culture 
using a modified Hoagland's solution and the concentra
tion of absorbed cations determined by exchange with 
hydrogen ions in .01 NHCl. The concentrations of Ca, 
Mg and K in the acid washings of the roots were then 
determined by spectrographic methods and the total ca
tion concentration (exchange capacity) expressed as milli
equivalents (M.E.) per 100 gms. dry weight of root tissue. 
In an alternate modification of technique, the H-roots 
(after washing in HCl) were dipped .for one minute in 
0.01 N CaCl2 solution, washed in distilled water and 
again dipped in .01 NHCl and the washings analyzed as 

before. No improvement from the original procedure was 
noted. 

With a few exceptions, notably beet, cucumber, cauli
flower and onion, the values reported are in close agree
ment with those of other workers using electrodialysis 
methods. Some of this variation was apparently due to 
difference in ages of the plants used. Significant differ
ences in root exchange capacity were found among the 
eleven crops tested, with sweet corn being conspiciously 
low. The low value did not hold for other monocots as 
previously reported by Drake et al. 

Project 232-Pesticides for Disease Control and 
Their Effect on Fruit Finish in Apples 

H. G. SwARTWOUT 

Characteristic captan spotting of Delicious leaves was 
greater from captan + Mag 70 sulfur than from captan 
+ Kolofog at equal rates of actives; spotting was much 
greater with Triton B1956 added than without it. Kara
thane + Captan also gave appreciably more spotting than 
captan alone. For scab control, Cyprex -% and Cyprex 'h 
+ zineb 1h were 1st and excellent; Captan 1¥.1 + zineb 
¥.1 was 2nd and superior; zineb 2 was 3rd and fair; 
Niacide M at 2 was 4th and fair; exp. fung. 9547 was 
5th and poor. Against cedar rust Niacide M and com- · 
binations including zineb were about the same and good; 
Cyprex at ¥.1 was erratic; 9547 was poor. Zineb and 
zineb combinations showed effectiveness against alternaria 

spotting. 

Project 233-Technology of Apple Products 

R. A. SCHROEDER, M. R. JOHNST$)N, N.EIL FINLEY 

J. D. EDWARDS 

Objectives: 

A. To develop a technique for making frozen concentrated 
apple cider. 

B. To develop a continuous mechanical device for apple 
juice extraction. 

The single-effect vacuum evaporator was used to con
centrate several gallons of apple juice to a five-fold con
centrate. Evaporation was done at 100°F. with 105°F. 
water as a heat source. The boiler section was refabricated 
to about twice its size, or about 3.5 liters water per hour 
evaporating capacity. Mixing of yeast fermented (strains 
Y-1081, Y-1683 , Y-1485 and Y-1062) apple juice with 
the concentrate is being pursued to determine the proper 
proportions. Attempts to increase the flavor and aroma 
producing power of these strains are not encouraging, but 
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it may well develop that their present capacity will be 
adequate. Quality evaluation of apple varieties for raw 
stock was continued. Juice from all commercial varieties 
tested in 1958 was very poor quality, due to low sugar 
content, flavor and aroma. The data would indic-ate that 
the crop did not mature physiologically. 

From a continuing survey of the literature, it was 
found that three new apple jui.ce extraction methods 
have been introduced on the market. All three are being 
used in at least one juice processing plant. All three are 
continuous in nature and utilize a different mechanical 
principle for extraction. 

Project 234-Technology of Irish Potato Products 

R. A. SCHROEDER, M . R. JOHNSTON 

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. 

Irish potatoes, variety Waseca of 2 lJi to 2 ¥.!" were 
stored at 45°E and 65 percent R. H . in 5 pound sample 
replicates. Package types used were polyethylene 1.5 mil 
perforated and 1.5 mil sealed. Antimicrobial agents used 
were: sorbic acid, DHA-Na, mycostatin, streptomycin, 
oxytetracyline and chlorotetracycline, alone and in two 
and three-way combinations; and myporzine, citric acid 
(pH 4.5) and control (distilled water). A total of 19 
treatments by 2 bag types by 18 replications ( 684 sam
ples) were prepared and examined. Bacteriological exami
nations (12) using 3 differential media were made over a 
seven-week storage period and one quality examination 
was made after eight weeks of storage. The storage life 
of the potatoes was about half as long as previous years . 
The microbiological data confirmed the findings of last 
year in that in addition to a direct effect of an agent on 
a group there is found an indirect stimulation ,of another 
segment of the microfl.ora. Terramycin, streptomycin and 
aureomycin inhibited bacterial growth and stimulated the 
yeast; whereas, sorbic acid, DHA-Na and mycostatin 
stimulated the bacterial population while reducing the 
yeast population. Sorbic-mycostatin combinations appear 
to stimulate mold growth which was not previously ob
served. Streptomycin alone and· in all combinations in
hibited the anaerobic population; whereas, sorbic acid 
and DHA-Na stimulated their growth. Soft-rot and dry
rot was due to a yellow and black mold respectively. 

Loss of potatoes in field plots prevented work on 
objective B. 
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Project 243-Bacterial Spot, Brown Rot, and Peach 
Scab Control and the Effect of Some of the Newer 
Pesticides Upon Fruit Finish of Peaches 

H. G. SWARTWOUT, M . R . JOHNSTON 

Objective: 

A. An evaluation of captan vs sulfur for the control of 
brown rot and peach scab and for their effect upon fruit finish. 

With only a light crop on a few varieties as the re
sult of a late freeze, it became necessary to limit the num
ber of tests in 1958. The evaluation of a split sulfur
captan program vs a straight sulfur program was con
tinued. Sulfur early-captan late gave fruit of a brighter 
more lively appearance than all season use of sulfur. The 
sulfur early-captan late program gave almost complete 
control of peach scab as well as the all sulfur program. 
No brown rot developed. A well-applied full fungicide 
program in 195 7 held leaf curl to a low level in 1958 
without a dormant curl spray. There was a moderate 
amount of secondary curl infection this year. Adjoining 
trees not especially well covered in 195 7 showed heavy 
leaf curl infection in 1958. 

Project 258-Horticultural Pathogens 

M. N . ROGERS, D. F. MILLIKAN 

Objectives: 

A. Identification of pathogens affecting any horticultural 
crop. 

Specimens sent through the mail are examined for gross 
symptomology and miscroscopically for causative entities. If 
necessary, they are cultured for additional study. Tentative 
identifications are always confirmed by the proper authorities. 
Personal contacts are made whenever essential. 

B. Study of the etiology, symptomatology and control of 
new diseases of ornamental plants. Studies were carried out to 
determine the sources of inoculum and the evaluation of dif 
ferent methods of control of the lily root rot disease currently 
prevalent among Croft Easter lilies. 

Approximately 70 letters were answered concerning 
diseases affecting horticultural crops. In addition, a few 
trips were made to examine conditions that could not be 
covered by mail. · No new or exotic diseases were found 
during the past season although a serious disease on 
nursery cherry trees was found in early June. Missouri 
Experiment Station recommendations arrested the disease 
development and consequently saved the nursery serious 
economic losses. 

Lily bulbs from three different sources were grown. 
Upon examination, two of the lots of bulbs appeared to 
be relatively free of bulb-borne pathogens, (and are sub-



sequently referred to as "clean" bulbs) while the third lot 
apparently carried damaging pathogens on the planting 
stock which resulted in the presence of root rot. The use 
of unsterilized field soil in the potting mixture or the in
troduction into steam sterilized soil of pure cultures of 
fungi previously isolated from diseased lily roots likewise 
resulted in disease among the plants grown from "clean" 
bulbs. 

Three fungi-Pythium sp., Fusarium sp. and Rhizoc
tonia sp., seem to be involved in this disease complex. 
At present it is impossible to say that any one of the 
three is totally responsible, but from evidence accumu
lated during the year, Pythium would appear to be the 
more important of the three under our conditions. 

Lily plants grown from naturally infested bulb lots 
were somewhat improved if the bulbs were soaked in a 
suspension of pentachloronitrobenzene plus ferbam be
fore being potted. The addition of the organic phosphate 
insecticide, Thimet, to this dip had little or no further 
beneficial effect, indicating that under our conditions, no 
arthrophods. which would be controlled by such a treat
ment appear to be involved (as vectors or agents of in
oculation, for example), in the disease complex. 

Plants grown from "clean" bulbs were not benefited 
by the bulb soak treatments, and in some cases actually 
seemed to be poorer than untreated plants. The cause of 
this apparently deleterious effect has not been satisfac
torily elucidated. 

Plants grown in steam sterilized soil mixtures were 
equal to or distinctly superior to plants grown either in 
unsterilized soil mixtures. or in artificially-reinfested, steam 
soil mixtures regardless of whether or not the bulbs were 
from infested or "clean" lots. 

Greater benefits resulted from the incorporation of 
soil fungicides (such as copper omadine and captan), in
to the soil mixture than from bulb soak treatments when 
"clean" bulbs were planted in soil mixtures containing 
either raw field soil or sterilized soil which had been re
infested with pathogenic fungi. The opposite results oc
curred when infested bulbs were planted in infested soil. 
Neither the use of soil fungicides or bulb dip chemicals 
caused any appreciable improvement in plants grown 
from infested bulbs ·in sterilized soil. "Clean" bulbs 
grown in carefully steam sterilized soil gave the most 
outstanding results of all, as might be expected. They 
emerged and bloomed earlier, had higher bud counts, 
less "root rot foliage", (withered, dead brown leaves) and 
more healthy root systems at m~turity. 

Project 285-Chemical Inhibition of Plant Virus 
Diseases 

MILTON ZAITLIN, D. F, MILLIKAN, R. E. BROWN, 
GEORGE HALL . 

Objectives: 

A. Study Physiology of virus reproduction. 
B. Study antimetabolite. 

Stone fruit virus in cucumber. 

An isolate of the stone-fruit virus, originally from 
plum has been transferred to cucumber and is being 
maintained that host. Studies have been directed towards 
the isolation of the virus from the cucurbit host. Initially, 
however, the nature of the infectious entity, both in 
vitro and in leaf homogenates is being pursued. Some of 
the purification techniques employed are ultra centrifuga
tion, continuous electrophoresis and phosphate gel ad
sorption. 

Virus multiplication in tobacco leaf cells. 

A method has been devised to prepare isolated cells 
of tobacco leaves and to maintain them in a living state 
for periods of up to one week. These cells are being used 
in a study of the role of low molecular weight proteins 
(soluble antigens) associated with tobacco mosaic virus 
infections. 

As a continuation of studies by Zaitlin overseas, the 
studies on the significance of the chloroplast in virus 
multiplication are being continued. Enzymatic studies are 
contemplated on chloroplasts from tobacco mosaic virus 
infested plants. 

Nucleic acid studies in cherry 

This work is nearly completed with the successful 
development of a procedure to extract these compounds 
from cherry leaf tissue. The method is being tested on 
other genera and species to determine its adaptability and 
preliminary results indicate that the method can be ap
plied generally to plant leaf materials. Once this survey 
is completed, then . studies to determine the influence of 
virus infection upon nucleic acid synthesis will be made 
on previously collected Prunus materials. 

Antimetabolite study 

The rationale of this study is to produce plant tissue 
which is virus free from infected plants grown under the 
influence of either chemical and/ or heat treatment. In 
every case, the chemical under test is applied both to 
plants grown at greenhouse temperatures and to plants 
grown in a chamber held to about 36° C.; subsequently 
the apical tissue is excised and assayed for virus. To date, 
seventeen chemicals have been tested and have been found 
to have no effect. These chemicals have been selected 
from groups known as virus inhibitors and nucleic acid 
antagonists. Success in this type of program could have 
great practical importance, as it could for example, enable 
the production of virus~ free buds from infected fruit trees. 
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Project 291 -Problems In Small Fruit Culture 

D. D. HEMPHILL, R. B. NEVINS 

ObjeCtives: 

A. Evaluation of new strawberry varieties. 
B. Improvement of strawberries by breeding. 
C. Evaluation of blackberry and raspberry varieties. 
D. Determination of causes of sterility in blackberries and 

development of methods of control. 

A. Twenty-seven varieties tested-Pocahontas, Dixie

land and Surecrop; were the most promising. 
B. 1167 seedlings evaluated in 1958-31 selections 

made. 
58 selections evaluated-35 returned for further 

testing. 
6033 seedlings set for evaluation in 1959. 

C. Early Harvest and Jersey Black most promising 

blackberry varieties and Marion most-promising rasp

berry. 
D. Sterile blackberries of Early Harvest and wild 

strains have been heat treated to inactivate sterility factor. 

Tip cuttings of heated treated shoots have been rooted 

and are being grown to fruiting age. 

Project 293-Greenhouse Flower Crop Production 

]. E. SMITH, M. N. ROGERS, GERALD COORTS 

Objectives: 

A. Relation of soil analysis to flower production and 
quality. 

B. Greenhouse environment and its effect on flower pro
duction. 

C. Factors affecting the keeping quality of cut flowers. 

Excess manganese decreased growth of plants grown 

in solution culture deficient in a single nutrient in all 
cases except magnesium which was attributed to its 

partial replacement by manganese in certain enzyme sys

tems. The concentration of magnesium and iron in plant 
tissue was decreased when manganese was added to plants 
grown in a nutrient solution deficient in these elements. 

Of the ratios tested, an Fe:Mn ratio of 1:5 in ppm 

gave the best growth. Low concentrations of chelated 

iron (1 ppm) proved somewhat more beneficial than high 

concentrations in counteracting manganese toxicity in 
solution culture. 

Application of various calcium sources to plants 
grown in soil containing excess manganese did not al

leviate or prevent foliar symptoms of manganese toxicity. 

Increasing the pH of the soil by addition of calcium did 

not appreciably decrease exchangeable soil manganese in 
these experiments. Th~ addition of iron to plants grown 
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in a high manganese soil gave increased growth. The 

most effective rate of application was dependent upon 

the iron source. 
The application of high intensity supplementary il

lumination to young snapdragon seedlings was found to 

have the greatest effect when applied during the first two 

to three weeks after potting, depending upon the season. 

The maximum response to lighting occurred on a crop 

sown early in September which matured during the 

months of February and March. Overall results, however, 

indicate that the damaging effects of the treatment, i.e., 

reduction in stem length and weight, overshadowed the 

beneficial effect, i.e., a six-week reduction in the time 

required to flower. The minimum response occurred 

when the treatment was given during the high-light-in

tensity, long-day periods and also during the darkest parr 

of the winter, eg. December to January. Plants treated in 

these latter months mature their flowers rapidly during a 

period of increasing light and temperature in late spring, 

so that the great differences in the early growth of the 

plants tend to be neutralized. 
Short-day treatment during the first three to four 

weeks after potting also caused large differences in the 

final quality and timing of the plants. Here, however, 

quality was increased and flowering was delayed. The 
greatest effects resulted when the treatment was given 

during the period from early May through August, with 

much smaller differences at other seasons of the year. 
Flowers produced from direct benched seedlings were 

consistently of better quality than those from seedlings 

which had been potted prior to benching and the amount 

of root injury occurring during the operation, rather than 
any lack of water or nutrients present in the soil in the 

small pots. 
Snapdragons of the varieties June Bride, Lavender, 

Dark Star, and Spartan Summer Pink were placed in the 

following four water treatments: (1) Modified "Ryan" 

using zinc and silver acetates for the respective cations; 

(2) "Petalife", a commercial flower preservative; (3) 

Weinstein MH 3 0 dip as recommended for roses; and 

( 4) Tap water. 
Treatments 1 and 3 had no appreciable beneficial 

effect in increasing vase life of snapdragons and even 

seemed detrimental when given to the white variety, 

June Bride. Treatment 2 was significantly better (20-70% 

longer than tap water) for all but the variety June Bride. 
Spartan Summer Pink variety had significantly better 

keeping qualities in all treatments. 

Project 295-Market Quality of Processed Missouri 
Vegetable Products 

R. A. SCHROEDER, M. R. JOHNSTON 

Objectives: 



A. Correlate the quality factors of raw product as to its 
resulting influence on market quality of processed vegetables. 

B. Ascertain the time interval at which processing vegeta
ble crops will remain at an optimum maturity for a given 
processed quality grade. 

Raw and market quality factors were evaluated and 
correlated during the year for canned tomato pulp; canned 
and frozen sweetpotatoes and frozen broccoli, kale, okra 
and spinach. Tomato pulp samples from commercial vari
eties, breeding lines and harvest dates (39 variables) were 
analyzed for total solids, titrable acidity, color by reflec
tance, citrate, malate, iron, sodium, potassium, calcium, 
magnesium and manganese as to their association with 
pH more directly than total titrable acidity. Sweet pota
toes, three varieties in canned and frozen form, were 
evaluated organoleptically for colo.r, texture and flavor. 
Data gathered on a falling-ball method indicates fairly 

good correlation with consistency of the whipped pota
toes. 

Evaluation of the relationship of maturity and quali
ty of frozen broccoli (3 varieties & 2 plantings) and kale 
(3 varieties and 2 plantings) were made by unified stand
ard of appearance of raw, size measurements, crude fiber, 
ascorbic acid, total solids, color by reflectance and shear 
press values. Approximately 160 broccoli and 90 kale 
samples were prepared and examined on a raw and pro
cessed basis. Field records of air and soil temperature and 
moisture are being associated with maturity and quality 
change. Stem of the broccoli contains much greater 
amount of ascorbic acid than the florette. 

Maturity to quality associations in frozen okra and 
spinach was made by the methods and determinations 
mentioned above, for okra ( 40 variables) and for spinach 
(8 variables). All data have been evaluated by regression 
analysis and analysis of variance with the E-102 Electronic 
Computer. 

Poultry Husbandry 
E. M. Funk, Chairman 

Project 296-Thyroid Activity of Chicken Laying 
Hens as Affected by Age, Season and Level of 
Production 

HAROLD v. BIELLIER, E. M. FUNK 

Objective: 

To determine the level of thyroid gland activity of laying 
hens as related to age, season and rate of egg production. 

Additional facilities were constructed in 1958 which 
provide quarters for 240 laying hens. Regular single-deck 
laying cages were used to maintain the hens. The daily 
thyroid hormone secretion rate of S. C. White Leghorn 
laying hens ranged from 15.98 to 33.23 micrograms of 
L-thyroxine. The daily thyroid hormone secretion rate of 
White Plymouth Rock laying hens ranged from 18.52 to 
34.50 micrograms of L-thyroxine. The amount of L-thy
roxine required per 100 grams body weight to equal the 
thyroid hormone secretion rate of S. C. White Leghorn 
hens ranged from 0.8 to 1.2 micrograms daily. 

The amount of L-thyroxine required per 100 grams 
body weight to equal the thyroid hormone secretion rate 
of White Plymouth Rock hens ranged from 0.6 to 1.0 
micrograms daily. 

Findings are important to a more basic understand
ing of the thyroid hormone secretion rate of the domestic 
fowl. 

Project 17-Relationship of Egg Composition to the 
Preservation and Utilization of Shell Eggs, and Egg 
Products 

0.]. COTTERILL, E. M. FUNK, F. A. GARDNER, 
F. E. CUNNINGHAM,]. COLBURN 

Objectives: 

A . Influence of season and age of bird on shell egg quali
ty and composition. 

B. Importance of handling methods and treatments on 
quality of shell eggs and products. 

C. Role of chemical ingredients in altering functional 
properties of egg white. 

The chemical composition of egg white produced by 
4 age groups was observed by-weekly for one year. Age 
of bird had a greater influence on egg weight, Haugh 
units, % solids, pH, yolk volume, and the level of phos
phorus, nitrogen, and chlorine in albumen than the sea
sons of the year. Season had a greater influence on the 
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level of sodium and calcium in albumen than age of the 
bird. Potassium content was unaffected by season and age 
of bird. 

The success of commercial farm egg coolers in re
taining shdl egg quality has generally been attributed to 
temperature and relative humidity control. A third factor, 
the sealed container effect, was observed. Eggs held in wire 
baskets iri a large well-ventilated room lost interior quali
ty faster than eggs held in a farm egg cooler, both com
partments held at 53 o F. 

Further evidence was obtained that a mechanism 
exists in egg white for the production of C0 2 during 
storage. Egg yolk contains very little C02 

Titration curves for egg white were constructed be
tween pH 4 'Q.Pd 10. These curves depict the loss of C02 • 

The buffering capacity between pH 7 and 9 is very low, 
thus accounting for the ease of pH change in this re
gion. 

Microwave heating can be used for the determina
tion of solids in liquid egg products. The time of ex
posure is about 13 minutes. (In cooperation with Home 
Economics) 

The effects of several chemical additives on various 
physical properties and on the performance of egg white 
in angel cakes has been observed. These observations in
clude: surface tension, viscosity, pH, optical density, 

· • electrophoretic patterns, beating characteristics, and angel 
cake volume and texture. Anionic surface active agents 
tend to increase cake volume but produce a cake with 
poorer texture. Cationic and non-ionic detergents usually 
do not increase cake volume. Additives such as triethylci
trate and acetoin tend to increase whip time and improve 
texture. Viscosity of egg white appears to be unimpor
tant insofar as cake function is concerned. 

Project 292-Photoperiodicity and Age on Chicken 
Reproduction 

HAROLD V: BIELLIER, E. M. FUNK 

Objective: 

The effect of varying day~lengths on time of oviposition 
in the domestic fowl. · 

Forty-eight S. C. White Leghorn pullets that were 
hatched March 30, 1957 were housed August 28, 1957 
in a "light-tight" basement room and maintained in 
cages. An automatic oviposition recorder was used to re
cord the time of lay every 15 minutes throughout the 
laying year. The experiment was terminated August'28, 
i958. 

The experimental-day periods consisted of 12 hours 
of light and the remainder of the day a dark period. The 
day-lengths were tested in the following order: 23, 22, 21 , 
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20, 22, 24, 25, 26, 25, and 24 hours of total light and 
dark. 

The duration of the total amount of light and dark
ness making up a test-day had a direct effect upon the 
time of oviposition. Short days of less than 24 hours had 
the effect of shortening the length of clutch and increas
ing the number of days skipped in egg production be
tween clutches. D ay-lengths of 25 hours duration or 
greater increased the clutch length and maintained a 
higher percentage of the hens in egg production. 

These results show that the optimum day-length to 
maintain maximum egg production is somew.here be
tween 24 and 26 hours for the breeding and ability to 
lay of the hens used in this trial. 

The experimental day-lengths that were made up of 
equal number of hours of artificial light and darkness for 
two-week periods were 24, 25, 26 and 27 hours in length 
(Table 1). 

The time of oviposition was restricted to the day
light hours on the 24-hour day . As day-length was de
creased more eggs were laid during the dark period. In
creasing the day-length from 24 to 27 hours also increased 
the percent of ovipositions occurring in the dark period. 

Day-length greater than 24 hours progressively ad
vanced the time of oviposition to an earlier hour of the 
day. On days shorter than 24 hours oviposition occurred 
at a later time of the day. Use of longer days (24-26 
hours) for laying hens can increase the annual egg pro
duction by permitting sustained lay. 

Project 323-Methods of Processing Poultry for 
Commercial Precooked Frozen and Canned Pro
ducts 

0 . J. KAHLENBERG, E. M. FUNK 

Objective: 

To compare various cooking procedures for tenderness and 
cooking losses. 

The continued utilization of poultry products in 
frozen and canned foods is dependent upon the develop
ment and improvement of processing methods. Com-

. parisons have been made of various cooking procedures 
on 122 old fowl with and without the incorporation of 
salts in the water for "cooking losses" and "degree of 
tenderness." Throughout these experiments each of the 
salts studied was incorporated in the water at two dif
ferent levels. The salts selected were calcium chloride, 
magnesium chloride, potassium chloride, sodium chloride, 
sodium hexametaphosphate, sodium orthophosphate and 
sodium tripolyphosphate. The cooking procedures were 
boiling, simmering and pressure-cooking. In general the 
preliminary studies indicated that although cooking losses 
were greater, the breast meat was more tender when birds 



were pressure-cooked as compared with either boiling or 
simmering. The preliminary studies also indicated that 
potassium chloride, sodium chloride and sodium tripoly
phosphate showed the most promise of the salts studied 
for further work. The more intensive study utilizing more 
birds per trial then showed that the lowest cooking losses 
were obtained when fowl was boiled in tap water alone, 
but this method of cooking also produced the toughest 
meat as measured by the Kramer Shear press. Pressure 
cooking with either tap water alone or 0.75% potassium 
chloride solution gave the most tender meat. Simmering 
in tap water alone gave meat tenderness values equivalent 
to those obtained from meat boiled in either 0.75% potas
sium chloride or in the 2 and 4% sodium chloride solu
tions. The studies on "cooking losses' and "tenderness of 
meat" as a result of cooking in sodium tripolyphosphate 
solutions are not completed. 

An initial attempt is made in this project to study 
and possibly improve the present commercial processing 
procedures of cooking poultry. The ultimate purpose of 
t&e project is to learn the cause of deterioration and 
tenderness changes during processing and storage of 
poultry meat as a means of increasing the shelf life and 
reducing contamination in precooked frozen and canned 
products. By developing cooking methods to prepare the 
·older less tender birds to give an acceptable precooked 
frozen and canned product, the demand for and accepta
bility of the less popular grades of poultry should be in
creased. 

Project 26-Performance Testing of purebreds, 
strain-crosses, crosses and hybrids for egg produc
tion 

Q. B. KINDER, A. B. STEPHENSON, E. M. FUNK 

Objective: 

To test performance of existing purebreds, strain-crosses, 
crosses, and hybrids and develop new combinations for com
mercial egg production. Provide information for hatcherymen 
and breeders in development of breeding program; and evaluate 
breeding for commercial egg producers. 

The third year's test comprising 54 different breed
ing groups were evaluated using a selection index includ
ing hatchability, viability to 22 weeks, percentage egg 
production, egg weight and adult viability. Mean index 
was 100. The following summation gives a good estimate 
of what can be expected of pure strains, strain crosses, 
crosses and hybrids. 

One the basis of performance index the hybrids with 
an index of 108 were 8% above the average of all birds 
tested. The six strains of purebred White Leghorns test
ed were highly variable with an average index of only 
96 although three strains were 100 or above. Twenty 

strain-cross combinations of White Leghorns averaged an 
index of 101 with some combinations going as high as 
114. This indicates that strain crosses do give about a 5% 
boost over purebreds on an average with specific crosses 
capable of 8-10% improvement. Considerable testing 
and retesting is :necessary to identify such nicks. Breed 
crossing of R. I. Red, New Hampshire and California 
Gray on White Leghorn females gave an average index 
of 106 or 6% above average, which was superior to strain 
crosses and almost as good as hybrids. The reciprocal 
cross using White Leghorn males on heavy breed females 
gave relatively poor performance largely due to high 
adult mortality. Specific crosses of the latter may succeed 
but care should be exercised and considerable testing done 
before offering commercially. Crossing purebred White 
Leghorns on commercial hybrids gave results inter
mediate to the two parents. This work indicates that 
with a moderate amount of testing, certain breed and 
strain crosses can be produced that can effectively com
pete with the best commercial egg strain birds now of
fered. 

Project 164-Breeding Chickens for Egg Production 
by Recurrent Selection and Intra-flock Selection 
Methods 

A. B. STEPHENSON, Q. B. KINDER, E. M. FUNK 

BOBBY JONES 

Objectives: 

lmpovements due to breeding become increqsingly 4if!icult 
as the level of performance is raised. For example, selection 
which is based on the record of an individual bird may be a 
good method of increasing production in a flock having 30 
percent egg production but an unsatisfactory method with a 
flock averaging 70 percent production. The objectives of this 
experiment is to compare the relative efficiency of recurrent se
lection with that of the more conventional system of selection 
based on family and individual performance. 

Performance of Birds Hatched in 195 7 

The average of four test crosses (recurrent selection 
populations) were about 5% lower in fertility; 1% lower 
in hatchability and 1% lower in brooding, rearing and 
adult viability when compared to the purebred (Intra
flock) used as a control population. 

The test crosses were slightly heavier at 8 weeks and 
22 weeks of age and in January. Both populations had 
about the same egg size and age of first egg. 

In this experiment major emphasis in selection has 
been on rate of production. Rate of production as meas
ured. from first egg was about the same for both breed
ing methods. When rate was measured on a hen-day 
basis from housing, two of the test crosses were equal to 
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the control ahd the other two test crosses were about 3% 
higher. 

Performance in 1957-58 Relative to 1951-56 

Compared to the previous five years work the per
formance of test crosses hatched in 1957 was abnormally 
high. Hatchability was 2% higher and laying house via
bility 7% above the five generation average. The other 
factors were consistent with previous generations except 
for rate of egg production. The rate of production of the 
test crosses exceeded the controls in both 1956-57 and 
1957-58. This was a reversal to earlier years of the same 
breeding project (when improvement in the purebred 
intra-flock population was equal or superior to perform
ance of test crosses produced by recurrent selection) . Al
though no unselected control population was available as 
a guide, it appears that considerable progress was made 
over the seven year period with both systems of breeding. 
In the early years rate of improvement was equal or 
superior with purebreds selected primarily on a family 
basis; in recent years the test crosses produced through 
recurrent selection have shown a slight superiority. 

Three-way crosses were produced from test cross 
females and an inbred male line not related to the fe
males. The ~emales were selected on a basis of high and 
low families in rate of production. High and low produc
ing individuals within these families were then selected 
for the breeding pen. The progeny of some three-way 
crosses was considerably more variable than others in egg 
production. Selection for high rate of egg production was 
not a strong enough force to overcome the loss of hybrid 
vigor. 

Application: 

Any method of breeding which is shown to be su
perior to other methods will allow poultry breeders to 
concentrate on the better methods. This elimination of 
less efficient methods will improve efficiency and result 
in more economical eggs for the consumer. 

Work Planned for the Future: 

The Regional Cornell Random Bred population will 
be used as a base for both recurrent selection and the 
conventional family and individual selection. 

Our knowledge of the best breeding system is most 
limited in traits which have a low degree of heritability. 
Rate of egg production is a trait of this type. Selection 
will be based on rate of egg production only. If selection 
were based on several traits, which had different levels 
of heritability, the results would be much more difficult 
to evaluate. 

Project 244-Systems of Flock Replacement 

Q. B. KINDER, E. M. FUNK 
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Objectives: 

A . To compare confinement versus range-rearing of pul
lets for egg production 

B. To study effect of season of hatch on productive per
formance 

C. Develop an efficient unit for egg production 
Completed a three-year study on confinment versus 

range-rearing of egg strain pullets for egg production. A 
detailed summary of the results is published in St. Bul. 
717, November, 1958. Confinement-reared pullets were 
heavier at 22 weeks and matured 3-5 days earlier than 
similar breeding grown on range. Weight differences dis
appeared at 44 weeks of age. Mortality during the grow
ing period was slightly higher in confinement but this 
was largely offset by "unaccounted for" birds grown on 
range. There was no difference in amount of feed re
quired to grow a pullet to 22 weeks under an ad lib 
feeding program with the two systems. 

Laying house performance consistently favored the 
range-reared birds with from 0.9 to 3.0% higher rate of 
egg production, averaging 66.7% for range-reared com
pared to 64.2% for confinement-reared. Egg weight slight
ly favored the range-reared birds chiefly due to later sexual 
maturity. Very little difference was shown in adult mor
tality. General conclusions give the range-reared birds a 
slight advantage in performance. Labor efficiency was 
better with confinement-rearing and where two broods 
are produced per year in confinement, the capital invest
ments are better utilized. 

Season of hatch as indicated by February-March, 
May-June and August-September broods influenced rate 
of lay, egg size pattern by broods and culling rate. June
hatched birds gave best feed efficiency per dozen eggs. 
February-March broods gave the best general performance 
and return. Keeping this brood through 14-15 months of 
total lay appeared most profitable. 
"All in one poultry unit" 

Using three broods per year with brooding, rearing 
and three laying pens in the same poultry house did not 
result in any increase in mortality. Average loss over a 
three-year period (9 broods) from 0-76 weeks of age was 
only 15%. Hen day egg production for same period was 
214 eggs per hen from 24-76 weeks of age using purebred 
Whit~ Leghorns. Average number of hens for laying peri
od ":as 92.2% of number at 24 weeks Labor and capital 
effiClency were very high due to the compact unit and 
reduced brooding and growing area. This system pro
duced a more uniform flow of various size grades of eggs 
but did not solve the problem of lowered egg production 
and shortage of large size eggs from August to Novem
ber. Regardless of season of hatch, all broods tended to 
go out, or greatly reduce production, from June to 
December. 



Project 277-The Nutritional Requirement of the 
Chick for Amino Acids and Unrecognized Growth 
Factors 

). E. SAVAGE, DALE Ross, E. M. FUNK 

Objettive: 

To determine the requirement of the chicks for unrec
ognized growth factors. 

The addition of a crude supplement mixture of dis
tillers dried solubles, dried whey, and fish solubles to a 
corn-soybean soil meal diet supplemented with the min
erals and vitamins known to be required by the chick 
resulted in significant stimulation in growth rates. Since 
zinc has recently been demonstrated to be a dietary es
sential for the chick, zinc supplements were tested in 
both the basal and unidentified growth factor supple
mented rations to determine if this trace element could 
be responsible for a portion of the growth-promoting 
activity of these crude supplements. The zinc supple
ments w.ere tested in battery and floor trials with broiler 
chicks. While the results were not consistent from one 
trial to another, it was observed that a growth response 
occurred in some groups which ranged from a slight but 
insignificant response up to a significant 10 percent in
crease in growth rate. Stimulation from the zinc supple
ment occurred in both the basal and supplemented groups 
indicating that zinc was probably not the nutrient re
sponsible for their growth promoting effects. Zinc anal
yses of the ingredients of the ration and of the complete 
rations indicated that the crude supplements, although 
relatively high in zinc, contributed only about 3 to 5 
P.P.M. of additional zinc when used in the ration at 
customary levels. The complete rations also were found 
to contain a total of 30 to 45 P.P.M. of zinc and this 
should be adequate as based on requirements obtained 
with purified diets. Preliminary work with certain puri
fied diets indicates however, that zinc may not be com
pletely available in some diets. 

If the availability of the zinc in the practical diets 
was a variable factor in some of the trials reported here, 
then this could account for the variation in growth re
sponse to the zinc supplements. This possibility will be 
investigated in studies of the availability of zinc in some 
of the ingredients used in the practical diet. 

Other trials conducted during this past year indi
cated that a packing house by-product also stimulated 
growth when added to the corn-soy basal diet. Further 
studies of the factor responsible for this growth-promot
ing activity are in progress. 

Project 255-Rations for Laying Hens 

]. E. SAVAGE, R. M. O'NEAL, E. M. FUNK 

Objectives: 

A. Study of the effect of protein and energy levels of the 
ration on the reproductive performance of laying hens. 

B. Ejfect of unidentified nutritional factors on hatcha
bility. 

Broiler strain White Rock hens and White Cornish 
males were used in a study of the effect of energy level 
of the diet on reproductive performance. Duplicate pens 
of 25 hens and two males received rations of the follow
ing types: 

1. 16% protein all mash (850 Cal/lb of productive 
energy) 

2. 16% protein all mash (1000 Cal!lb of productive 
energy) 

3. 20% protein mash plus hand-fed corn and oats 
4. 32% protein concentrate plus self-fed corn and oats 
5. 32% protein concentrate plus self-fed corn 
6. 32% protein concentrate plus self-fed milo and 

oats 
The hand-fed grains were scattered in the litter each 

day and the self-fed grains were in troughs before the 
birds at all times. Limestone grit was available free choice 
in all pens. For hatchability studies the eggs were col
lected over a two-week period before setting. The feed 
consumed was determined by four-week periods and 
body weights at 8 week intervals. The data were collect
ed for 44 weeks begining November 16, 1957. 

Egg production for all groups averaged between 50 
and 52 percent over the 44-week period except for the 
group that received the 32% concentrate plus self-fed 
milo and oats. In that group the average egg production 
was only 47 percent. 

Both all-mash groups were slightly superior in feed 
efficiency, as measured by feed required per dozen eggs, 
when compared with the grain-fed groups. 

The medium energy ration was as efficient as the 
higher energy ration in this trial but this may be partly 
due to the increased body weights of the higher energy 
fed group. Birds on the higher energy ration averaged 
about one-half pound heavier than the birds on the 
medium energy ration throughout most of the year. 

Eggs were collected for hatchability studies during 
February, June and September. Fertility ranged from 80 
to 87 percent for all rations. The hatchability of fertile 
eggs appeared to be slightly higher in the all-mash 
medium energy ration but more data are needed before 
this can be considered to be a ration effect. · 

Birds mai-ntained in floor pens produced about -4.5 
percent more eggs than their full sisters kept in individ
ual cages and fed the same 16% protein all-mash ration. 

The higher production of birds kept in floor pens is 
in agreement with a previous study conducted during 
1957. 

103 



Raising the protein level of the mash to 18 percent 
did not increase the production of another group of full 
sisters kept in cages in the same room. The caged birds 
laid larger eggs and were heavier in body weight. The 
group of birds which received the 18% protein ration 
gained more body weight and laid slightly larger eggs 
than their sisters on the 16 percent protein ration. 

In studies of the zinc requirement of the laying hen, 
it was observed that birds maintained on a low zinc puri
fied diet laid eggs with slightly thinner shells and their 
rate of egg production was about 5% less than birds on 
the same diet plus a zinc supplement. 

The continuous treatment of the pullets with 110 
grams of an antibiotic per ton of total ration resulted in 
a significant improvement in egg production during the 
first 140 days of a 280-.day experiment, an improvement 
in feed efficiency and highly significant greater body 
weights in February and June. The continuous treatment 
had little or no effect on mortality, egg size, interior egg 
quality or shell thickness. The intermittent treatment of 
the pullets with 110 grams of an antibiotic per ton of 
totai ration resulted in a slight improvement in egg pro
duction and feed efficiency, and hacllittle or no effect on 
body weight, mortality, egg size, interior egg quality or 
shell thickness. Late in the experimental period when no 
response was being observed in the antibiotic treated 
groups, changing the antibiotic treatment from aureomy
cin to a mixture of penicillin and streptomycin fed at the 
same rates as the aureomycin resulted in no improve
ment in egg production. 

Project 313-Factors Affecting the Flavor of Poultry 

0.). KAHLENBERG, E. M. F:UNK, J. FORWARD 

Objeaive: 

To determine the influence of present processing procedures 

on flavor changes in the cooked birds. 

Studies were made with broilers in a commercial ex
perimental processing plant on the effect of two different 
cooling methods with respect to the absorption of water, 
shelf life, flavor and tenderness in the cooked bird. The 
poultry were processed on the line, warm eviscerated and 
randomized into two lots. In Lot #1, 49 broilers were 
weighed and chilled under conventional methods. An
other 50 broilers were chilled with a newly developed 
"on-the-line" piece of equipment. The "conventional 
method" consisted of cooling carcasses by immersing 
them in chill tanks containing slush ice and water for a 
period of 21 hours, but without air agitation. The "quick 
chill" procedure is a new continuous chilling operation 
wherein the carcasses are tumbled and spun first in con
stant circulated tap water, followed by a similar agita-
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tion in the second unit containing water plus ice. The 
carcasses were agitated in cylinders 18 feet long and 2 
feet in diameter. For these particular studies only one 
unit was used for both the precooling and final chilling 
of the birds; the carcasses being first precooled with tap 
water ( 42 o F) for ten minutes, and then put through the 
same unit but now containing water and ice. 

The temperature of the warm eviscerated carcasses 
dropped from 86° F. to 49° F. in ten minutes in the unit 
containing only tap water. Carcasses were cooled to 32° 
- 34 o F. in 21 minutes after agitation in the same unit 
but containing ice and water. It was observed that the 
carcasses from the continuous treatment gained 22.7 per
cent water, 9.5 percent of which was lost in the first 24 
hours. The carcasses submitted to the 21 hour water and 
ice conventional immersion treatment, but without air 
agitation, gained an average of 13 percent moisture. Fol
lowing the cooling procedure the birds were weighed, the 
number cut to a total of 28 birds per treatment, packed 
with crushed ice in wire-bound boxes and held at re
frigerated temperatures. There was little or no change in 
weight of the ice-packed whole carcasses for a period of 
nine days. 

Samples used for the taste panel were deep-fat fried. 
The cooked thigh meat was tasted twice a day on the 
2nd, 3rd, 4th, 7th, 8th, 9th and lOth day after the birds 
were eviscerated. The results of the panel showed that 
there was no difference in flavor or tenderness in the 
cooked thigh meat from fresh-packed whole broilers pro
cessed by cooling with a "quick-chill" continuous meth
od of 30 minutes as compared with cooked thigh samples 
from similar birds cooled by the conventional method of 
chilling requiring 21 hours without air agitation. 

Results of this study show that a new "quick-chill" 
continuous commercial processing method of cooling 
carcasses in 30 minutes did not adversely affect flavor or 
tenderness in freshly ice-packed whole broilers. This tech
nological improvement in processing should save time, 
labor, floor space, eliminate the conventional chill tanks, 
reduce the cost of processing with a subsequent lower 
price of poultry products to the consumer. The ulti~:J?.ate 
purpose of this type of research is for optimum quality 
improvement and retention of flavor in all poultry pro
ducts. 

Project 344-Turkey Feeding Practices 

HAROLD v. BIELLIER, E. M. FUNK 

Objeaives: 

A. Formulation and testing feeding practices for grow
ing turkeys. 

B. Testing the value of pasture and forage crops for sup
plementing turkey rations. 



Three systems of feeding growing turkeys reared in 
confinement were tested in 1958. Four hundred B. B. 
Bronze poults were separated by sex and tested from 10 
to 24 weeks of age on duplicated feeding systems. The 
feeding of a 24.7 percent protein growing mash fed free
choice with either corn and oats or milo and oats pro
duced satisfactory gains and feed efficiencies as good as a 
20.2 percent protein all-mash fed alone. 

The use of standing milo grain as a forage crop for 
981 B. B. Bronze turkey poults showed a considerable 

saving in pounds of feed required to produce a pound of 
gain. A 24.7 percent grower mash was fed and was re
stricted to promote consumption of milo. The feed ef
ficiency was 2.18 (does not include milo or other feed 
eaten on range )compared to 7.43 for birds that were full
fed and grown in confinement. 

The maximum utilization of grain sorghums har
vested on range by growing turkeys offers a great reduc
tion in the feed cost required to produce market mrkeys. 

Rural Sociology 
C. E. Lively, Chairman 

Project 266-Human Factors Affecting Food Selec
tion and Consumption Patterns 

c. E. LIVELY, c. L. GREGORY, MARY BOWMAN 

Objective: 

To deft~ and evaluate motives affecting food selection in 
the markets, and to show how the importance of any specific 
motive may differ from one occupational group to another. 

During the year interviewing has been extended to 
include 300 women in Columbia. These persons rep
resent homes in the unskilled, skilled, business and pro
fessional occupations. 

Satisfactory tabulation plans have been developed to 
show the relative importance of the motives and to show 
how these may vary between occupational groups. 

The major motives defined in this study are: 

1. Economic motive. A consciousness of cost in the 
purchase of a food commodity, tending toward the 
selection of less expensive foods at a sacrifice of 
other desirable qualities. 

2. Nutrition. The selection of food with a conscious 
effort toward securing balanced diets and health
ful individual foods . 

3. Time and ease in preparation. A tendency toward 
the selection of foods for their quality of being 

. quick and easy to prepare. 
4. Variety. A tendency toward the selection of foods 

because they represent a change in the general 
menu pattern, . 

5. Taste. A tendency toward the selection of foods 

because they are pleasing to the taste and the 
avoidance of foods that are not liked by the family 
members. 

6. Prestige. A tendency toward the selection of foods 
characteristic of the class to which a person aspires 
or to which he makes reference. This may also 
include the avoidance of foods because they are 
characteristic of a class below him. 

Preliminary tabulations show considerable differences 
in food buying patterns and in motives underlying these 
configuratives. 

Project 201-Human Factors Related to Farm Ac
cidents in Missouri 

ROBERT L. MCNAMARA, SAAD GADALLA, C. E. LIVELY 

Objectives: 

A. To determine the incidence of accidents on farms and 
in farm homes in Missouri. 

B. To isolate and measure accurately by empirical means · 
the effect of certain characteristics of the farm and farm home 
on the incidence of accidents. 

C. To isolate measurable human factors that tend to 
make a person relatively "accident-prone." 

A stratified random sample of 4000 farm families 
representing the State of Missouri was drawn and or
ganized into reporting units. The 4000 farm families in 
the sample were initially interviewed during the period 
from July 1st to August 15, 1959. 
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Systematic reporting of accident occurrences by the 
participating families will begin September 1, 1959 cover
ing a period of twelve months. 

With the rapidly increasing mechanization of agri
culture, accidents take an increasing toll of lives annual
ly on the farms. In addition to loss of time, doctor and 
hospital costs are heavy and permanent crippling condi
tions from farm accidents are apparent in every rural 
community. The National Safety Council reports that 
farming is one of the most hazardous occupations. Little 
is known, however, of the conditions surrounding farm 
accidents, to whom they occur, and their relative fre
quency in different farming operations. Likewise, rela
tively little is known of the occurrence of accidents in 
farm homes. 

The product of this research effort will be a syste
matic and detailed accounting of farm accidents. The in
formation will form the basis for a program of safety 
education which can be uniquely applicable to farm peo
ple. 

Project 143-The Rural Church in Missouri: A Study 
of Its Situation, Trends, and Problems 

LAWRENCE M. HEPPLE 

Objective: 

To prepare for publication the eight parts of the report 
which are appearing as eight Experiment Station research 
bulletins. 

This year two more bulletins were published. Part 
III, Clergymen in Rural Missouri, shows the number, dis
tribution, general characteristics, and family background 
of 345 rural clergymen. The analysis revealed that salary 
is an inadequate measure of the economic situation of 
rural clergymen and that the total cash income must be 
examined since more than one-half of these ministers had 
another occupation in addition to the ministry. 

. It was also discovered that the number of members 
served per clergyman .is a more adequate way of viewing 
the ministry than in terms of the number of churches 
served. 

Activities of clergymen were analyzed in terms of 
the roles of ministers. Full-time clergymen devoted an 
average of 46.3 hours per week to such activities as prep
aration of sermons and speeches, Bible reading, general 
reading, conferences, visitation, Sunday schedule, and 
weekday religious services. 

The results of an attitude and opinion poll given a 
sample of rural ministers reveal the kind of church and 
type of clergyman they prefer. They prefer a full-time 
church with several suborganizations and carrying a 
complete program of activities. They prefer a full~time 
clergyman with seminary education . . 
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Part IV, Index of Religious Group Action, tells how a 
statistical measure of the functioning of churches was 
constructed so it would be possible to compare churches 
with one another, and to determine the relationship of 
churches to certain factors in their environment. The cor
relation of the index of religious group action with such 
items as township level of living, rural social areas, farm 
tenancy, and soil types was not as high as might be ex
pected. In fact, the correlations were so low that it is 
impossible to predict the functioning of churches in 
terms of these environmental factors . The functioning of 
churches, however, was related to the size of the popula
tion base per church. 

Project 29-Social and Cultural Factors Affecting 
the Dissemination and Use of Scientific Farm In
formation in Missouri 

H. F. LIONBERGER, ]. s. HOLIK, R. R. CAMPBELL, 
c. E. LIVELY 

Objective: 

The project was designed to study factors involved in the 
decisions of farm operators to adopt new farm practices and 
purchase farm supplies with interpersonal patterns of com
munication and influence as the major focus. A portion of 
the study is focused on television as a conditioning factor. This 
constitutes the P-2 part of the project. 

Information regarding the communicative behavior 
and characteristics of farmers in the two communities 
have been coded and tables prepared. Preliminary reports 
regarding the role of "influentials" and of television in 
the decisions studied are currently available. The mass 
media, government agencies, and commercial sources of 
information were frequently used for initial and addition
al sources of information about changes made in farming, 
but it was other farmers that were most influential in 
final decisions to change. Furthermore, exercise of this 
influence was concentrated in a relatively few people. 
Most salient in this respect was the very important role 
of one dealer-farmer as a "decision clincher" in each of 
the communities studied. Television had not been insti
tutionalized as a means of obtaining farm info~mation in 
the minds of most farmers who were inclined to view 
television as a means of entertainment. Even so, a sizea
ble proportion in each community indicated that they 
had made changes in farming or had purchased farm sup
plies because of television exposure. Those so activated 
were better situated in the communicative structure of 
the community to influence the decisions of others with 
regard to farming and to enhance the prevailing level of 
practices with regard to farming. 



Project 29-3-Summ'ary Analysis of Research 
Relating to the Diffusion and Use of Farm 
Information 

H. F. LIONBERGER, R. R. CAMPBELL 

Objective: 

The purpose of this project is to abstract all studies relat
ing to the diffusion of farm information and the adoption of 
farm practices. It is part of a larger effort by the National 
Project on Agricultural Communications to prepare abstraas 
of research in communications and to make them available to 
interested persons. 

A part of the assignment involves preparation of 
summary analysis of the studies being abstracted at this 
station. Both the abstracts and the manuscript are to be 
completed by September 1, 1959. The latter will be pub
lished by the National Projects on Agricultural Com
munications and the former will also be made available 
in some form. A frame of reference suited to the use of 
substantive findings in educational programming will be 
used in the summary analysis. Approximately 140 stud
ies will serve as the basis of the report, of which approxi
mately 100 were done by rural sociologists. 

It is apparent that substantive findings to date are 
sufficient to provide a useful basis for improvement in 
educational programming. The problem is to make it 
available to educators who do not have the time to read 
and analyze the vast literature on the subject. It is to this 
end that the project is directed. 

~oject 663-Validation of the Missouri County 
Agent Inventory 

J. S. HOLIK, H. F. LIONBERGER, C. E. LIVELY 

Objective: 

The Missouri County Agent inventory was designed as a 
counseling device and as a practical basis for selecting county 
extension agents for employment in the state. It was formulated 
and copyrighted in the project which terminated in 1952. Dur
ing the interim county agents entering on duty in Missouri 
have completed the Inventory in anticipation of retesting its 
validity as a predictor of county agent success. The purpose of 
this project is to make this test of validity, to establish norms 
for its use, and to prepare a shortened version for use in select
ing county agents to be employed in Missouri. Twenty-two 
other states have begun similar efforts to test the validity of 
the instruments. 

Work to date has been directed to computing Inven
tory scores and to exploratory work in obtaining a suita
ble measure of performance as a county agent. 

Project 306-Small Community Development 

C. E . LIVELY, JOHN S. HOLIK 

Objeaive: 

To study the process of small community development in 
Missouri in order to determine what methods and social pro
cesses are commonly followed by small communities that par
ticipate in a Planned Progress Program. 

Analysis of the annual progress reports submitted 
by 101 communities in 195 7 revealed that community 
improvements are initiated and sponsored by the follow
ing major types of community organizations: 

(1) The Community Development Club, which is a 
community-wide organization with its major objective 
being community improvement activities. 

(2) The Community Council made up of representa
tives from all civic, religious, and other community or
ganizations. The major function of this, The Community 
Council, is planning and coordinating community im
provement activities: 

(3) Community improvements sponsored as an ac
tivity by an existing civic organization whose major ob
jective is not community development. This form of or
ganization usually initiates selected community improve
ment activities. 

The analysis has shown that The Community Coun
cil form of organization is more successful, especially in 
communities of 1000 to 7500 population in size, in plan
ning, initiating and carrying on a more complete develop
ment of the social and physical resources of a small com
munity. 

Extensive analysis of the 1958 reports from 145 small 
communities is anticipated on how community improve
ments are financed, as well as the roles of youth and 
churches in community development activities. 

Project 201-Cultural Factors Affecting Illness in 
Rural Social Areas of Missouri 

ROBERT L. MCNAMARA, EDWARD W. HASSINGER, 

CHARLES E. LIVELy 

Objective: 

A. To determine the magnitude of general morbidity in 
rural areas. 

B. To determine the cultural factors influencing family 
and individual behavior with respect to the maintenance of 
personal and community health. 

C. To determine variation in patterns of health main
tenance in different social areas. 

This year saw the completion of the series of reports 

107 



on health in Laclede County, Missouri. All together four 
research bulletins and three journal articles have been 
published on this research. A parallel series of reports is 
under way on the basis of a study of Harrison County. 
The first of these reports was published as an article in 
the journal of the Missouri State Dental Association (Febru
ary 1959). It showed that dental visits during the year 
were most likely for persons between the ages of 5 and 
10 years old; especially, if they were in households with 
high level of living and whose head had more than an 
eighth grade education. 

Field work and a manuscript were completed on 

health personnel and facilities in twenty rural counties of 
the state. Medical doctors continue to decrease in number 
in these counties (from 100 in 1954 to 85 in 1958). On 
the other hand, the number of hospital beds in the area 
increased from 353 in 1954 to 441 in 1958. 

A survey of dentists in the state was undertaken 
with the co-operation of the Missouri State Dental Asso
ciation. It was found that 70 percent of the practicing 
dentists were in the six metropolitian counties and St. 
Louis City. Also 64 percent were born in Missouri and 
93 percent were graduated from dental colleges located in 
Missouri. 

Soils 
W. A. Albrecht, Chairman 

Project 263-Energetics of Ionic Relationships in 
Soils and Plants 

C. M . WooDRUFF, D. E. BAKER, J. L. MciNTOSH, 

). D. MIKULCIK 

Objectives: 

To determine the extent to which the different ionic con
stituents of soils interact with each other as they affect the nu
trition of plants. And to establish on an energy basis the op
timum balance of the ionic environment for the growth of 
plants as a basis for the design of improved methods of testing 
and fertilizing soil. 

Chloride which accompanies potassium in muriate 
o~ potash, did not affect the nutrition of corn adversely 
With respect to phosphorus when ample supplies of phos
phorus were present in the soil. Corn yield with large 
amounts of muriate of potash was 123.5 bushels per acre 
as compared with 118.2 bushels per acre where the potash 
was supplied as the sulfate. 

Potassium was found to interact with boron. Yields 
of soybeans were depressed by treatments of soil with 
potassium when boron was deficient. Addition of one 
pound of boron per acre was sufficient to alleviate the de
pressing effect of the potassium. 

Nitrogen and phosphorus interacted in the mineral 
nutrition of corn. With low nitrogen and high phos
phorus plants suckered profusely, then fired for a lack of 
nit~ogen. With high nitrogen and low phosphorus, rna
runty of the crop was delayed, no tillers developed, stalks 
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were weak and ears were poorly developed. 
With high levels of both nitrogen and phosphorus, 

the corn grew rapidly, producing strong stalks and well 
developed ears that matured normally. Tillers developed 
profusely and produced strong productive stalks. 

Water soluble phosphorus banded with seed in a 
phosphorus deficient soil provided adequate nutrition of 
corn treated with large amounts of nitrogen. Water in
soluble dicalcium phosphate was only partially effective 
in nourishing the corn with phosphorus. A band treat
ment of 50 lbs. of P 2 0 5 per acre in the water soluble 
form was equal in effectiveness to 800 lbs. per acre of the 
dicalcium phosphate broadcasted and disced into the soiJ. 

Magnesium and calcium were investigated in all 
combinations, and with potassium variable using soybeans 
as the indicator crop. No significant interaction was evi
dent between magnesium and calcium, one substituting 
equally well for the other over wide ranges of the two in 
the soil. Potassium interacted with the combination of 
~agnesium and calcium rather than with either ion by 
Itself. The 4000 calorie level for the replacement of 
potassium by combinations of magnesium and calcium 
was established as practical limits for the design of a soil 
test for potassium. 

Project 209-Reclamation of Eroded Soils 

C. M. WOODRUFF 

Objectives: 

The purposes of the investigation of eroded soils were to 



determine the kinds of soil treatments, the cultural methods, 
and the kinds of crops suitable for using the eroded glacial 
soils of North Missouri most effectively. 

With no fertilizer treatments, eroded glacial soil 
seeded with a mixture of legumes and grasses remained 
barren and unproductive for nearly twenty years. It pos
sessed no recuperative powers nor capacity to produce a 
protective cover of vegetation. 

With lime and phosphate, eroded soil produced 
yields of alfalfa hay of the order of 5 tons per acre an
nually. The phosphate requirement of the soil was ex
ceedingly high. In addition to a basic treatment with 
rock phosphate, annual top dressings of 200 lbs. per acre 
of triple superphosphate were required to maintain 
alfalfa. Use of borax on the soil was required also. 

In addition to lime and phosphate, nitrogen in large 
amounts, 150 to 200 lbs. per acre, was required to main
tain good yields of grasses. The large requirements for 
nitrogen, in order to maintain good stands of grasses, 
made grass a very unsatisfactory crop for eroded land. 

Complete soil treatments of lime, phosphorus, and 
nitrogen resulted in excellent yields of corn, 100 bushels 
per acre, in seasons with ample summer rainfall. How
ever, moisture was inadequate in most of the nearly 
twenty years of investigations. The eroded soil cracked 
severely, and dried out prematurely as compared with un
eroded soil. As a consequence maximum yields were ob
tained with plant populations of only 8000 stalks per acre. 

The clay subsoil exposed by erosion was particularly 
difficult to work into a satisfactory seed bed for crops 
when plowed in the spring. Late fall plowing wit~ ex
posure of the clods to weathering through the wmter 
months gave excellent seed beds for spring seeded crops. 

The eroded glacial soils of North Missouri are suit
ed admirably for the production of legume crops par
ticularly alfalfa, when the soils are limed and fertilized 
with phosphorus. They are not suited for grasses because 
of the excessive amounts of nitrogen which must be used. 
Corn yields of 50 to 60 bushels per acre may be attained 
with adequate fertilization and plant populations that do 
not exceed 8000 stalks per acre. Fall plowing is essential 
for the preparation of good seed beds. 

Project 6-The Characteristics and Development of 
Heavy Clays In the Soils of Missouri 

C. E. MARSHALL 

The research can . be summarized under three sub
divisions: 

Chemical and electrochemical investigation of 
soil colloids. A variety of methods has been used to 
characterize clay suspensions in the same manner as is 
done for salt solutions. The purpose is t<1 obtain a dear 

picture and accurate measure of the dissociation of ca
tions from clays. A new method which has given valuable 
information is the variation in conductivity with frequency 
of the alternating current used for measurement. When 
this information is combined with that obtained ·from 
potentiometric methods a very consistent picture ~f the 
relationship of monovalent cations to clay surfaces ts ob
tained. The work is now being extended to divalent ca
tions. 

Mineralogical and chemical investigation of soil 
profiles ~ The Lebanon soil which occurs in the nort~ern 
Ozark region has been chosen as an example of a lime
stone soil with both a heavy clay layer and a fragipan. 
Detailed samples have been taken preparatory to a very 
full investigation of the variation in the soil properties 
with depth right down to the limestone beneath. The 
methods used will be similar to those described in Re
search Bulletin 655, which dealt with another limestone 
soil, the Hagerstown. 

Surface reactions of soil minerals. A series of 
micas of different chemical compositions have been pre
pared for study by grinding and fractionating according 
to particle size. In this way extensive and fairly well-de
fined surfaces will now be studied using radioactive tracer 
elements as far as possible in order to increase the 
sensitivity of the procedures. 

Project 70-The Effect of Deep Fertilization on Run
off and on Yield of Crops 

G. E. SMITH, PHIL M. SMITH, v. c. JAMISON, 

]. A. ROTH 

Objectives: 

A. To determine the influence of deep tillage and sub
soiling on crop yields and runoff. 

B. To measure the effect of deep fertilizer and lime ap
plications on crop yields .. 

Applications of phosphate and limestone were made 
in 1954 at different depths in a claypan soil. These ma
terials were placed at varying depth to 35 inches with a 
subsoiler pulled by a crawler tractor. 

Corn yields were slighly increased the first year 
where soil treatments were applied deep. There has been 
little evidence that these deep treatments have been of 
benefit in later years. There was some indication that the 
subsoiling effects slightly depressed yields in 1958. 

The yield of alfalfa has been increased by these 
deeper treatments in 1955 and 1957 but no increase w~s 
obtained in 1956 and 1958. Stand counts of alfalfa m 
April showed no effect for the deep placement of phos
phates, but the applications of limesto~e- imp~oved t?e 
stands. The deep fertilization and subsotlmg dtd not m-
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fluence the depth of alfalfa rooting. The lime and phos
phate were still concentrated at the same location after 
four years. The lime had little effect on soil acidity 2 

inches from the point of application. Bulk density de~ 
terminations made in 1958, at 19 inch depths showed 
some loosening effect of the subsoiler, but did not appear 
to be related to rooting depth or root diameter of alfalfa. 

The subsoiling or deep fertilization did not affect 
the water intake rate of a Putnam silt loam soil. 

In the southeast Missouri area subsoiling of heavy 
clay soils had little effect on the growth or yield of cot
ton. On sandy loam soils where a ''Traffic Pan" had de
veloped, deeper tilliage was beneficial. However, deeper 
tilliage with regular farm equipment was as effective as 
subsoiling with heavy equipment. 

Project 77-The Effect of High Fertility on Runoff 
and Erosion from a Claypan Soil 

G. E. SMITH, V. c. JAMISON, PHIL M. SMITH 

Objettive: 

To determine the effect of adequate soil fertility treatment 
and methods of seed bed preparation for corn on water loss 
and soil erosion. 

Most measurements of soil and water losses have 
been obtained from soils receiving little soil treatment. 
This study was initiated in 1954 on a clay pan soil to 
measure the influence of liberal soil fertility additions. 
Rainfall has been below normal from 1954 through 1957. 
In 1958 some summer rains were sufficiently intense to 
permit measurement of the different treatments. 

Adequate fertility additions to corn grown con
tinuously reduced runoff in 1958 from 4.2 inches (where 
only starter fertilizer was applied) to 2.1 inches. Soil loss 
was reduced from 2.7 tons per acre to 1.8 tons by this 
soil treatment. Mulching or subtilling, which leaves the 
crop residue on or near the surface, has been effective in 
reducing runoff and erosion in continuous corn systems. 
Runoff from continuous corn (receiving starter fertilizer) 
during the growing season, with the seedbed prepared by 
subtilling, was only 1.3 inches, or less than one-half that 
from corn where the seedbed was prepared in the usual 
manner of turning under crop residues. The runoff from 
corn receiving adequate fertility additions and conven
tional seeding was approximately 2 inches, or over .6 
inch more than corn with the same fertility treatments, 
but with subtilled seedbed preparation. 

The method of seedbed preparation has not affected 
the yield of com grown continuously, the yields ranging 
from 140 to 147 bushels per acre in 1958, Where land has 
been subtilled water intake has been slightly increased, 
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but soil loss has been reduced by one-half ton per acre. 
Soil losses from contoured land were as great from 

land cropped to continuous corn (full soil treatment) as 
where farmed up and down the slope. Heavy rains that 
kept the ground saturated caused contour furrows to 

break and concentrate the water in depression areas. 

Project 92-Minor Soil Elements 

W. A. ALBRECHT, T. R. FISHER, c. E. MARSHALL, 

G. E. SMITH, G. H. wAGNER 

Objective: 

To determine the trace element content of the soils of the 
state and measure the influence of soil applications on crop 
growth and composition. 

Greater use of the major plant nutrients in recent 
years, especially nitrogen, has increased the crop removal 
of other elements. Soils differ widely in their content of 
secondary and trace elements. There is the possibility 
that a shortage of one or more trace elements can affect 
the efficiency of crop growths and influence plant com
position. 

Applications of trace elements are included in field 
experiments where fertilizer studies are conducted over 
the state. The only consistant results have been obtained 
with a mixture of these elements applied to cotton in 
southeast Missouri. The response to these elements has 
only been significant in seasons with heavy rainfall. Re
sponse has been eratic in dry seasons. At six locations in 
1958 on heavy clay soils an application of 50 pounds per 
acre of a mixture of zinc, copper, iron and manganese 
salts increased the yield of lint cotton 49 pounds per 
acre in three instances. These increases were obtained 
where liberal applications of the major elements had been 
applied. In 1958, 4 experiments on sandy soil showed an 
average increase in lint cotton of 43 pounds per acre. 
This response has been consistent at the Malden field 
in wet seasons or where the cotton is irrigated. Work is · 
being conducted to determine the specific elements that 
may be required. The use of fertilizers containing trace 
elements, by farmers, has been suggested on a trial basis. 

Trace elements applied singly and in combination 
failed to influence the yield of soybeans on the McCredie 
field (Mexico silt loam). Molybdenum is being added to 
legume inoculation by commercial companies. Some re
ports of response have been reported but results are in
conclusive. 

Responses of alfalfa to applications of Borax is being 
obtained on a high percentage of soils where lime and 
potassium are required to maintain stands. 



Project 99-Soil Fertility and Pasture Production 

WM. A . ALBRECHT, G. E. SMITH, THEO M. DEAN, 
PHIL M. SMITH, L. E. BARNES 

Objectives: 

A. To study the influence of fertilizer nutrients on the 
production of pasture crops on different soil types. 

B. To determine the influence of supplemental irrigation 
on animal gains from pastures receiving high levels of fer
tilizer treatment. 

·Permanent pastures are generally on the least fertile 
land on individual farms. Returns per acre are usually 
low. These areas have received little soil treatment. Ade
quate fertilization can influence the efficiency of return 
from this land. 

The response to fertilizers on pastures was most 
striking during the cool, moist season of 1958. Apparent
ly there was a slow release of nitrogen from soil organic 
matter and the nitrogen in the fertilizer stimulated growth . 
In northwest Missouri , bluegrass forage yields were more 
than doubled by applications of 66 or 100 pounds of 
nitrogen per acre topdressed in March. There was little 
difference in response whether nitrogen was applied in 
late fall or early spring. Ammonium nitrate applied at 
the same rate of nitrogen per acre as urea gave a greater 
response when measured by weight and color of vegeta
tion. 

The largest growth was produced where the nitrogen 
was added to soils that had been limed and received phos
phate. On most of these soils where bluegrass is the pre- · 
dominant species applications of potash had little effect. 

The additions of plant nutrients reduced the per
centage of weeds, as shown in the following table. 

Highest seed yields were obtained from 66 pound 
applications of nitrogen. Where 100 pounds of N per 
acre were applied there was such vigorous growth that 
lodging occurred and less seed could be harvested. The 
untreated areas contained so many weeds that it was not 
possible to harvest with mechanical strippers. . 

Where mixtures of grasses and legumes received dif- : 
ferent soil treatments, applications of nitrogen increased 
the growths of grass and reduced the percentage of le
gumes in the mixtures. Additions of phosphate, potash 
and ·lime increased the growth of legumes and reduced 
the percentage of grass. 

Rabbits were used to squdy animal growth and selec
tion of various forage specids grown on Mexico silt loam. 
Where excessive nitrogen ireatments (250 pounds of N 
or more per acre) were applied to tall fescue a high ni
trate content was found in the forage. The animals 
showed a preference for the forage low in nitrate content, 
but differences in rate of gain appeared largely to be due 

to the quantity of feed consumed. 
At the McCredie station Beef .steers were used to 

measure the influence of irrigation on liberally fertilized 
orchard grass-Ladino pastures. The following results were 
obtained in 1958. 

These gains are not as high as have been obtained in 
some other seasons. Rainfall was well distributed in 1958 
and only 3 inches of irrigation water was applied. Clip
ping measurements on small plots of a number of forage 
species has shown a depressing effect· on this soil type 
from previous seasons' irrigation, when sufficient rain 
fa~s the following year. This may be an important factor 
in returns from irrigated pastures. Work is being initiated 
to determine the soil changes that occur from this extra 
application of water. 

Project 117 -Cropping Sequences and Continuous 
Cropping 

G. E. SMITH, M. H. BROWN, T. M. DEAN, 

L. E. BARNES, J. A . ROTH 

Objective: 

To compare continuous cropping with different cropping 
sequences under adequate fertility additions. 

The availability of low cost chemical nitrogen has 
raised questions regarding the need for legumes in soil 
impr6vement. There is much interest in the continuous 
production of crops that return the highest value per acre. 

Soil fertility levels continue to appear to be of greater 
importance in efficient crop production than does a par
ticular crop sequence. With the availability of reasonably 
priced chemical nitrogen the importance of legumes for 
supplying this element for non-legumes is becoming of 
minodmportance. Little evidence has been obtained that 
<;>rganic matter supplied by legumes is superior to non
legume crop residues when supplemented with chemical 
nitrogen. Corn usually follows legume crops in crop 
sequences used in Missouri. With higher rates of fertility 
additions and thicker planting there is a need for in
creased water in crop production. Results are being ob
tained that indicate that in many seasons the water used 
from the subsoil by the legume or grain crop has more 
detrimental effects on the high value cash crop that fol
lows, than are any benefits from the legume. 

Where continuous corn with full soil treatment has 
been compared with corn following red clover (also full 
soil treatment) average yields for the past 9 years have 
been about the same. In dry years the yield of com where 
grown continuously has been higher, and in seasons with 
abundant rainfall corn following clover has produced 
higher yields. This suggests that the moisture used by 
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the clover crop is an important factor in the corn yields. 
When the economic return is considered, no sequence 
that includes forage or small grain will compare with 
continuous corn. 

The following table gives corn yields on Sanborn 
Field where corn is grown continuously and in rotation 
with wheat and clover under systems with full soil treat
ment additions. 

It is becoming increasingly difficult to secure stands 
of grasses and legumes in small grains when sufficient 
nitrogen is top dressed on the small grain for optimum 
yields. In many of the experiments, stands of forage crops 
have been failures . No combination of soil treatments 
has overcome this competitive effect of the small grains. 
It appears that other means must be found of obtaining 
meadow stands rather than using small grains as nurse 
crops. 

Rotations appear to be of definite benefit in cotton 
production. Continuous cotton with the same fertility 
treatments is producing lower yields than is cotton fol
lowing some other crops. 

Project 170-Soil Analysis: Rapid Routine Methods 

T. R . FISHER 

Objectives: 

A. To develop and improve suitable methods to be used 
in soil testing laboratories. 

B. To prepare suitable reagents, standards, check sam-
ples, and equipment for the. soil testing laboratories. · 

Chemicals, reagents, standard solutions, check soil 
samples, and equipment were supplied to the 102 county 
soil testing laboratories in a quantity to test approximate
ly 100,000 soil samples. 

In order to facilitate shipping and to reduce the cost 
of shipping, the extracting reagents for phosphorus and 
potassium were changed to weighed packages of their 
salts which are dissolved in distilled water in the c6unty 
laboratories for use. Formerly these were shipped in one 
gallon glass containers. The applicablity ·of small water 
demineralizer units for the preparation of demineralized 
water in the county soil testing laboratories was investi
gated by installing a unit in the Montgomery County 
laboratory. Preparation of demineralized water in the 
county laboratory would eliminate inconvenience and cost 
of obtaining distilled water in the county. No final evalu
ation has been made on this as yet. 

Investigations were continued on chemical procedures 
used in the soil testing laboratories. However, no major 
changes were made. 
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Project 1 78-Fertilizer Applications on Farm Crops 

WM. A . ALBRECHT, G . E. SMITH, CARL HAYWARD, 

M . H . BROWN, T. M. DEAN, L. E. BARNES, ]. A. RoTH 

Objective: 

To study the influence of various fertilizer materials on 
crop response. 

The use of fertilizers is increasing rapidly in Mis
souri. In 1958 Missouri farmers spent over fifty million 
dollars for soil treatments. Many new compounds are be
coming available and experimental work is being con
ducted to study crop response when these materials are 
applied by different methods and at various rates of ap
plication. 

Differences in crop response to liquid and solid 
mixed fertilizers have been found to be small. Experi
ments using corn, cotton, sorghum and small grains as 
test crops have shown few differences greater than experi
mental error. When spring seasons are wet and cold some 
early stimulation of growth has been noted from the 
the liquid or more soluble solid phosphates. However, 
few of these early differences were reflected in crop yields. 
No benefit was found in having more than 40 percent of 
the phosphate in water soluble form . Evidence was ob
tained that a greater fixation of phosphorus occurred on 
some acid soils when over 90 percent of the phosphorus 
present in fertilizers was in water soluble compounds. 

Further work on losses of nitrogen fertilizers by de
nitrification indicated efficiency of use by plants to be 
lower than generally believed. Tests made on a number 
of soils from Sanborn Field indicate that levels of other 
nutrients are important factors in the efficient utilization 
of nitrogen fertilizers. The absorption of nitrogen by 
crops was reduced and losses to the air by denitrification 
increased when some other essential element was deficient. 

In field experiments conducted on most of the ex
periment fields (representing a large number of soil types 
and using most of the principal crops grown in the state), 
there was little difference in response to the various 
forms. o(iiltrogen now being sold. All materials gave 
good responses when properly applied. Although some 
minor differences were noted they do not appear to be 
significant unless yields are approaching maximum pro
duction. 

The residual acidity from most of the nitrogen ma
terials now being used is becoming apparent when ni
trogen (ertilizers are used in liberal quantities. It appears 
that for-most-of the nitrogen materials used in Missouri, 
from 3 to 4 pounds of limestone must be applied for 
each pound of nitrogen added to prevent soils from be
coming more acid. 

In experiments in the northern part of the state fall 



and spring applied nitrogen gave similar crop response. 
In the southern third of the state, and on sandy soils in 
other areas spring plow down, or side dressing applica
tions were superior. Residual effects of nitrogen were less 
following the higher precipitation of 1957 and early 1958 
than was found in previous seasons of lower rainfall. 
Where no legumes were grown the most profitable yields 
of corn and sorghum were obtained from 80 to 120 pound 
nitrogen applications. Responses of wheat to nitrogen 
varied, but in most cases 66 pounds of nitrogen per acre 
(when used with adequate phosphorus and potassium) 
gave the most efficient production. 

Little difference was noted in crop response to vari
ous sources of potassium except on soybeans, where over 
60 pounds K 2 0 as muriate of potash depressed yields. 
This was not true for potassium sulfate, potassium car
bonate or Sul-Po-Mag. 

Where applications of rock phosphate have been 
made for some years , yields of legumes · and corn have 
been equal or better than where superphosphate has been 
the source of this element. For small grains superphos
phate is necessary. Apparently the availability of phos
phorus from rock phosphate is too low for these weak
feeding crops. 

Acidulation of rock phosphate in the field continues to 
show promise. A yield increase of 16 bushels of wheat 
per acre was obtained by acidulating phosphates in the 
field with spent sulfuric acid costing 72 cents. 

The need for sulfur was indicated at the Pierce City 
field, and other locations in southwest Missouri. Am
monium sulfate gave better yields of small grains than 
did other forms of nitrogen. A 4-12-4 fertilizer (made 
with 20 percent superphosphate containing sulfur) gave a 
greener color and slightly higher yields than did higher 
analyses materials containing less sulfur. 

Project 206-Missouri Soil Survey and Classifica
tion 

C. L. SCRIVNER 

Objeaive: 

To determine the nature and distribution of soils of Mis
sourz. 

Soils constitute the greatest natural resource of Mis
souri. They vary widely on both a regional basis and on 
an individual farm basis. Soil classification is aimed at 
showing the aerial extent of soils and those properties ; 
chemical, physical and biological, which are important in 
understanding and using this resource. 

The detailed survey of Henry County was continued 
and 140 square miles or 91,600 acres were mapped and re-

corded on aerial photos. Approximately 215 square miles, 
or one-third of the county is now completed. Some of the 
more significant findings deal with the relationship be
tween geology and soils. The complex stratigraphy of the 
Pennsylvanian deposits lead to widely varying soils. 

Laboartory characterization has not proceeded far but 
some data on clay mineralogy and chemistry appear 
promising. Soil tests with depth show that Summit and 
associated soils have a very high phosphorus and calcium 
level to depths of several feet. This is associated with 
the black phosphatic shales which make up the parent 
material. By contrast, Oswego and Dennis, which form 
from a non-phosphatic shale have very low phosphate 
levels in the lower depths. 

Clay mineralogy of two soils, the Mandeville and 
the Labette, has been investigated by X-ray analysis. Both 
soils contain illite as the predominant clay mineral. Con
tinuation of this line of investigation may help explain 
the low moisture retaining qualities of some of the south
west Missouri soils. 

Project 207-The Fertility Level of Missouri Soils 

E. R. GRAHAM, v. E. RENNER 

Objectives: 

A. To study the balance between calcium and potassium 
in relation to their uptake by soybeans. 

B. To study the possible effia of potassium on nitrogen 
metabolism by soybeans. 

Soybean plants were grown in media covering dif
ferent levels of potassium concentration with two levels 
of calcium concentration. The ratio of potassium to cal
cium was adjusted over a range which varied from favor
able to potassium to one which would, with our present 
knowledge, be favorable to calcium. In addition to the 
concentration, the ~atio, the anion carrying the potassium 
and the calcium were studied. 

The properties of the various nutrient media used in 
the study were related to the uptake of the nutrient ions. 
The analysis of the soybean crop revealed that potassium 
could make up 4.83 percent of the dry weight. The high 
value was found in plants grown on potassium rich cal
cium deficient media. The low value was found in plants 
grown on calcium rich potassium deficient media. When 
plants were grown on media containing high amounts of 
both potassium and calcium the plants contained 4.54 
percent K and only .65 percent Ca which is somewhat 
surprising since the total amount of each element present 
is about equal. In plants grown on media where the ratio 
and amount of calcium were relatively more favorable the 
potassium content of the soybeans was found to be 3.31 
percent and the calcium content to be 1.06 percent. 
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It could be concluded that for a given level of cal
cium the plants contained increasing amounts of potas
sium with increased concentration of the potassium in 
the media ; that the content of calcium in the plants was 
reduced even when the ratio of K/ Ca favored potassium 
even though the concentration of calcium was unchanged. 

There was some evidence that the concentration of 
amino nitrogen was higher in some plants than others. 
However, the results of this study did not point to a 
definite relationship. Therefore additional work will need 
to be done to reach conclusions as to whether potassium 
does or does not effect the metabolism of nitrogen by 
soybeans. . 

Project 208-The Protein Role of Nitrogen in Or
ganic Matter 

G. H. WAGNER 

Objective: 

To study the effects on plant growth of some constituents 
of soil organic matter. 

The effect of dilute sugar solutions (0.5%) on both 
the amount and kind of growth of sudan grass seedlings 
was studied under controlled environmental conditions, 
by obtaining fresh and dry yields of both tops and roots. 
The entire systems were kept free of microorganisms dur
ing growth of the plants. The yield of six day old seed
lings was influenced by the sugar solution in which they 
were growing. 

In general, treatment with a monosaccharic,le resulted 
in a slight reduction in top yield and a somewhat greater 
reduction in root yield as compared with that for the 
control. The polysaccharides, in general, gave yields of 
tops and roots which were nearly as great as or greater 
than those for the control. The observed effects could not 
be directly related to an . .osmotic effect of the sugar in 
solution. 

The effect of the sugars on the type of growth was 
more striking than the influence on total yield. Control 
plants had top-yield to root-yield ratio of about 2:1. 
Sugar treatments which restricted top growth gave plants 
with top/ root ratios approaching 3:1. For glucose the 
ratio was 3.47:1. These higher values indicate that the 
major growth restriction was in the root systems. 

An index of the amount of water present in the tis
sues of the plants was obtained from fresh / dry weight 
ratios. These ratios ranged downward from a value which 
for the above ground parts of control plants was about 
10:1. Again lower ratios were associated with those plants 
which yielded less. This was true for ratios obtained from 
both seedling tops and roots. In all cases, the fresh / dry 
ratios were lower for the roots than they were for the 
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tops of the plants. Root systems which resulted in low 
fresh/ dry ratios for seedling roots occurred for those root 
systems which were short, thick, and tough, while roots 
with higher ratios were observed to be finer, more branch
ed and in many cases, whiter in color. 

Considerable effect was spent in standardizing the 
procedure for indexing these effects. Special equipment 
and precautions were required to keep the systems free of 
microorganisms. The results were shown to be reproduc
ible and the precision was good. 

Project 211-lnflltration Rates and Available Water 
Holding Capacity of Missouri Soils 

G. E. SMITH, C. L. SCRIVNER, J. A . ROTH, 
PHIL M. SMITH, V. C. JAMISON, J. F. THORNTON, 
E. M. KROTH 

Objective: 

To determine the water storage capacities and the rate of 
infiltration for the different soils of the state. 

Increased rates of nutrient additions to soils for sum
mer crops have made moisture the limiting factor in crop 
production in many seasons. During dry years there is 
interest in supplemental irrigation. There is need for in
formation on the rate that water can be applied to soils 
to aid in designing efficient irrigation systems. 

Eighteen additional soil types were sampled in 1958, 
and determinations made for available water-holding 
capacity. These samples make a total of 44 soil types 
where detailed information is now available on this prop
erty of soils. This information is of value in the design of 
irrigation and drainage systems and the formulation of 
soil and water conservation programs. A comparison of 
different methods of laboratory analyses were studied on 
these soils. The results indicated that core samples gave 
a more accurate value of available water-holding capacity 
than did sieved samples. 

Studies of storms at both the Bethany and Mc
Credie fields show that moisture absorption is influenced 
more by the moisture content of the soil than by soil 
cover or management practices. Intake rates varied from 
about 3 inches per hour on dry soil to less than .01 inch 
per hour on very wet soil. For the same moisture condi
tion water intake rate was higher when temperatures were 
warmer in the summer than during the cool fall and 
spring months. On detailed studies made on a pasture 
area the data indicate that the water intake rate approxi
mately doubles for each 50° rise in soil temperature. The 
differences appeared to increase as the soil moisture de
creased. These results are in agreement with the effect of 
temperature changes on water viscosity and flow in por
ous media. 



Project 229-Soil tests and Fertilizer Response 

G. E. SMITH, T. R. FISHER, J. A. ROTH, 

T . M. DEAN, L. E. BARNES, PHIL M. SMITH 

Objective: 

To improve the correlation between soil tests performed in 
the laboratory and field response to soil treatments. 

Laboratory soil tests serve as a guide for a major por
tion of the fertilizers used in Missouri. Although much 
progress has been made in the development of these tests 
there is need for greater accuracy in interpretation. Proper 
fertilizer use will be one of the major factors in efficient 
soil management. 

Increasing rates of application of various essential 
nutrients showed a better response to most crops in 1958, 
than in previous seasons. Apparently smaller quantities 
of nutrients were released from the soil during this sea
son of abundant rainfall or more efficient use was made 
of the applied fertilizer nutrients. The results indicated 
the need to take soil depth into account in making tests 
and fertilizer recommendations. The best correlations 
were obtained on the most shallow soils. 

Southeast Missouri 

Results with cotton indicated that present testing 
procedures need improvement, or different interpretations 
must be made of the results now being obtained with 
present testing procedures. A considerable response was 
obtained from applications of available phosphate and 
potash on soils where the soil tests now in use indicated 
adequate levels of these minerals . 

Results with soybeans on one soil low in exchange 
able magnesium in Southeast Missouri, indicated that when 
the percentage saturation of this element drops below 5 
percent, that a response to magnesium fertilizer or dolo
mitic lime may be obtained. 

Northwest Research Center 
On this Edina silt loam, 30 pounds P2 0 5 per acre 

gave significant increases of small grains but no increase 
was obtained from any heavier rates of application. The 
only response to potash on small grains was from that 
in the starter fertilizers. The addition of 200 pounds of 
P20 5 per acre increased the yield of a mixed grass-legume 
hay over phosphate in the starter fertilizer alone, but 
larger amounts of phosphate showed no increase. 

A response was obtained from potassium applied in 
starter fertilizers to corn, small grain and hay, but no in
crease was obtained from additional application. 

Weldon Spring 

This soil showed a striking response to phosphate 
when these field experiments were first started. Usually 
starter phosphorus effects are quite striking. However, 

corn gave no response to this element in 1958. Soil tests 
show that in this deep soil the roots are able to absorb 
a sufficiency of this element from the lower depths for 
optimum yields. A similar condition exists for potassium. 
A small but not significant increase was obtained on corn 
from additions of potassium. 

Small increases in yield of red clover were obtained 
from increments of phosphorus but no response was ob
tanined from additions of potash. 

A response of wheat from potash in the starter ferti
lizer was obtained but no effect of phosphate could be 
noted. 

McCredie 

This soil is classed as Mexico silt loam, has a rela
tively shallow surface soil and a heavy clay subsoil. The 
first year produced increased yields of both corn and sor
ghum from phosphate applications to 400 pounds of 
P 2 0 5 per acre. Response of soybeans to added phos
phorus was small. 

Little response of corn or sorghum was obtained 
from additions of potassium, but the heavier rates of ap
plication of this element increased yields of soybeans. 

Southwest Missouri 

Increased quantities of phosphorus and potassium 
were applied to small grain experiments at Pierce City 
and other locations in Southwest Missouri. Response to 
starter fertilizers on winter wheat, barley and oats, and on 
spring oats was striking. Significant increases were ob
tained at most locations from phosphate plowed down, in 
addition to starter phosphate. There was little response to 
heavier applications of potash. 

Project 231-The Improvement of Soil Fertility 
Through Heavy Applications Of Nitrogen and 
Carbonaceous Organic Matter 

G. E. SMITH, M. H. BROWN, T. M. DEAN,]. A. RoTH 

Objective: 

To determine the possibilities for increasing soil organic 
matter and deepening soils through the addition of carbonaceous 
materials and chemical nitrogen. 

Heavy carbonaceous crop residues are being returned 
to soils following liberal fertilization programs. In some 
areas waste products such as sawdust, corn cobs and cot
ton hulls are available for application to soil. The ap
plication of chemical nitrogen with these materials offers 
the possibility of building soil organic matter and deepen
ing the surface soil. 

Woody organic materials including sawdust, corn 
cobs, corn stalks, straw and other forms of organic mat
ter applied to Mexico silt loam (Columbia-South Farins) 
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at 20 tons per acre in 1950, have had little effect on the 
yields of corn or small grain. Sufficient nitrogen has been 
added to prevent a deficiency of this element. Adequate 
mineral levels have been provided. Any change in soil 
organic matter levels has been too small to measure by 
routine soil tests. 

The following table gives the 1958 yields of com and 
the averages for 9 years. 

Yields of wheat have been depressed when large 
amounts of straw have been turned under unless nitrogen 
is added with the straw. Burning the straw has not de
pressed yields although visibly the soil is deteriorating in 
structure. The highest average yields obtained over a 10 
year period have resulted from an application of cyanamid 
with the straw when it is plowed under. The next high
est production has resulted from the straw being burned 
and the wheat liberally fertilized with nitrogen. 

Project 267 -Soil Fertility and Cotton Production 

G. E. SMITH,). A. RoTH, F. A. STANLEY 

Objeaive: 

To determine the best Soil Fertility Practices for the cot
ton producing soils of southeast Missouri. 

Cotton is grown on some of the most naturally pro
ductive soils of the state. However, most efficient produc
tion is required to compete with other cotton growing 
regions. During the past few years the increase in the use 
of soil fertility treatments for cotton have been more 
rapid than for any other crop grown in the state. 

The application of starter fertilizers was essential to 
stimulate rapid growth and produce early fruiting cotton. 
Starter fertilizer helped offset the extremely cold wet 
spring and helped to compensate for the short growing 
season. Nutrients were provided by the starter treatments 
until the soil became warm and better aerated when the 
natural release of nutrients was obtained from the soil. 
In addition to the yield benefits from starter treatments, 
early cultivations and weed. control were easier as a result 
of the more rapid seeding growth. 

Nitrogen applications gave spectacular yield increases 
and hastened maturity on the heavy clay soils during the 
wet season of 1958. On the Sharkey clay at the Bragg 
City Field, a 100 pound rate of nitrogen gave a 374 
pound lint increase, with 313 pounds of this increased 
yield being harvested at first picking. During the past 
five seasons, 1954 is the only year that the addition of 
at least 50 pounds of nitrogen failed to produce economi
cal increases. Even though these heavy clay soils have a 
potential to release adequate amounts of nitrogen, appar
ently the wet condition excluded soils air and inhibited 
oxidation and biological processes. 
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The sandy soils apparently were affected less by 
weather variations. On a Dexter sand at the Malden Field, 
the hundred pound rate of nitrogen produced the high
est yield. However, a 50 pound rate gave the most effi
cient production. Loam soils normally produce very rank 
cotton in Southeast Missouri during wet seasons such as 
1958. A 50-pound rate of nitrogen addition per acre pro
duced the highest yield on a Sarpy silt loam during 1958, 
but nitrogen delayed maturity and produced no yield in
crease on a sandy loam experiment during the same sea
son. An ample supply of phosphorus and potassium were 
necessary at most locations to obtain the best results 
from the use of nitrogen. 

Fertilization with phosphorus increased yields and 
hastened maturity on four of six experiments on clay and 
clay loam soils. On all but one of five experiments on 
sandy soils beneficial results were obtained from the use 
of phosphate fertilizers. Fifty pounds of P2 0 5 per acre 
appeared to give the most efficient production. The 100-
pound rate appeared to depress yields slightly, which 
indicated that an excess of phosphorus may make possi
bly some other nutrients less available. The effect on 
hastening maturity may reduce fruiting below the amount 
required for maximum yields. 

There appears to be a poor correlation between the 
soil test phosphorus level (according to the test now 
used), and response to phosphate fertilization. Some of 
the soils that gave the largest response to phosphate 
fertilizers during 1958, tested very high in this element. 
The 50-pound rate seemed to be adequate to obtain op
timum yields and early maturity regardless of the soil 
phosphorus levels. 

Responses to various rates of potassium fertilizer was 
studied on eleven soils during 1958. Yield responses were 
obtained on eight of those eleven soils. On most soils an 
application of 50 pol1!lds of K 20 per acre was sufficient 
to produce optimum yields. Some soils _~pat tested medi- . 
um to high in potassium responded even to the hundred 
pound rate of K 20. One clay loam soil that tested low in 
potassium showed no response. The results this year show
ed little relationship between soil test levels and response 
to applications of potassium. A review of previous data in
dicates better response to additions of potassium during 
wet seasons, such as 1957 and 1958, than in the dry years 
preceding 1957. 

A 50-pound -rate of trace mineral mixture (copper, 
zinc, boron, manganese, iron and sulfur) was applied at 
eleven locations during 1958. An average lint increase of 
45 pounds was obtained from the use of this mixture. 
Similar results were obtained during the extremely wet 
year of 1957. The response was erratic during the dry 
seasons prior to 1957. However, greater response was ob
tained in irrigated cotton from these trace elements dur
ing dry seasons. 



Even though soils where cotton is grown, are gen
erally medium to high in basic fertility elements, the 
addition of balanced nutrients in the form of commercial 
krrilizers was essenti al in 1958 for efficient production 
and early maturity. A need for phosphorus or potassium 
was not always found when each element was applied 
separately. The complementary effect of phosphorus and 
po~assium when used together with nitrogen was evident 
on most soils. The response from a complete fertilizer 
treatment was usually greater than from the addition of 
nitrogen alone. This relationship indicates the need for 
some phosphorus and potassium in cotton fertilizers re
gardless of the levels in the soil, as shown by soil tests. 

Five sources of nitrogen have been compared for 
three years on both a sandy and clay soil. Ammonium 
nitrate and ammonium sulfate have consistently produced 
the highest yields and early maturity on both sandy and 
clay soils. Urea has been an acceptable source of nitrogen 
on clay soils, but has produced lower yields and delayed 
maturity on sandy soils. Sodium nitrate has produced less 
total yields. Response to anhydrous ammonia has been 
erratic. 

Moderate amounts of fertilizer increased the percent
age of bolls set. However, higher fertility levels tended 
to produce a lower percentage of fruit set. Since the high
est fertility level produced the largest yields, the larger 
yields were probably the result of a greater number of 
flowers produced which compensated for lower percent
age fruit set. 

The average days from bloom to maturity· were 
greater on a medium fertility level than on a low fertility 
level where a shortage of moisture limited growth. How
ever, adequate moisture eliminated the difference of time 
required for maturity caused by variations in fertility 
levels. 

Project 268-Soil Fertility and Corn Production 

G. E. SMITH, L. E. BARNES, M. H. BROWN, T. M. DEAN, 

CARL HAYWARD, J. A. ROTH, F. A. STANLEY, 

PHIL M. SMITH 

Objective: 

To determine soil fertility treatments and other soil man
agement praaices to increase efficiency in corn produaion. 

Corn yields produced in 1958 were the highest on 
record. The response to fertility additions was greater 
than has been obtained for several seasons. Favorable 
summer moisture distribution following a period of dry 
years that exhausted subsoil moisture (with shrinkage of 
clay in the subsoil) was probably responsible. Evidence 
was obtained on some soils that the release of nitrogen 
from soil organic matter was nearly twice the amount 

considered to become available in average years. 
The residual acidity of nitrogen fertilizers in con

tinuous corn systems must be corrected by liming if opti
mum yields are to be obtained. Wheel track, or mini
mum tillage planting of corn continues ro give equal re
sults to conventional systems where the land is disced, 
harrowed and cultivated two or three times. Greenhouse 
work conducted where corn was grown in pots where a 
portion of the soil had been compacted with a hydraulic 
press, showed that good tilth becomes more critical as 
yields per acre are increased. It appears desirable to com
pact the soil no more than absolutely necessary with farm 
implements. The rough surface following wheel track 
planting has reduced runoff, increased water storage and 
reduced erosion. 

Corn supplied with adequate nutrients and grown 
continuously (where soil erosion is not a problem) has 
produced the same average yield during the past nine 
years as where corn has followed a legume in a crop 
sequence. In dry seasons the continuous corn has pro
duced the highest yield. When moisture is in ample sup
ply higher yields have been obtained following a legume. 
Apparently the legume crop has exhausted moisture at 
lower depths than is required for optimum corn yields. 
On many soils in Missouri and in a majority of seasons 
a shortage of summer moisture limits corn yields. This 
may be a logical reason for corn not being planted after 
legumes or forage crops since chemical nitrogen can be 
purchased at reasonable rates. 

Results from all experiment fields continue to show 
the need for an adequate stand to make best use of fer
tility additions and secure optimum yields. Populations 
of 15,000 to 18,000 plants per acre gave best yields in the 
favorable season of 1958. The results emphasize the need 
for more care in planting. Planting corn in low gear can 
be one of the most profitable farm practices. 

Irrigation applied in 1957 reduced corn yields on 
some soils in 1958, where ample rainfall was available 
and supplemental irrigation was not needed. At the Mc
Credie Field, 10 inches of supplemental water applied in 
1957 increased corn yields 52 bushels per acre. However, 
in 1958 with the same area again planted to corn (ample 
rainfall-no supplemental water applied) the water ap
plied in 1957 reduced yields from 112 to 90 bushels per 
acre. On Sanborn Field (Plot 18) the yield of corn dur
ing the past 70 years, has been 11 bushels higher follow
ing seasons when rainfall was below average, than when 
above average. Preliminary studies made of various soils 
in the state show that this depressing effect occurs gen
erally on land with an acid clay subsoil. On soils that 
are open and well drained a high rainfall the previous year 
is apparently of benefit. This condition is now being in
tensely studied to determine the cause and the difference 
in response to extra water on some soils. Some evidence 
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has been obtained that this depressing effect may be 
partially overcome by an increased rate of fertility addi
tion. It is suggested that the rate of fertilizer addition to 
corn should be increased following wet years. Informa
tion is far from complete, but the results suggest that for 
optimum corn yields the crop should be grown (includ
ing irrigated corn) on land that was not irrigated the 
previous year. Sorghum continues to show that soil fer
tility requirements are similar to corn. 

Project 304-Efficient Utilization of Soil and Ferti
lizer Nitrogen 

G . E. SMITH, E. R. GRAHAM, PHIL M. SMITH, 

L. E. BARNES, A. ROTH 

Objeaive: 

To study the utilization of natural soil nitrogen, am
monia combined nitrogen, and nitrate held nitrogen as shown 
by the growth and composition of corn. 

The second year study was carried out at four loca
tions whic;:h were decided on at the outset of the experi
ment. They were: 

Malden Field . . . . . . . . . . . . . . Dexter Sand 
Bragg City ... . . . . . ... . . . .. Sharkey Clay 
McCredie . . . . . . . . . . . . . Mexico Silt Loam 
Thompson Farm . . . . . . . . Edina Silt Loam 

These four locations were chosen in order to obtain 
a sample of Missouri's climate. 

Observations on climate were made in each loca
tion, this included soil moisture at the outset and rainfall 
measurements during the growing season. 

For the 1958 crop season yields at the Thompson 
Farm varied from a low of 98.8 bu/ A. to a high of 104.5 
bu/ A. A yield of 99.5 bu was obtained where no nitrogen 
was added (the soil was at a high level of Ca, P, and K) 
and the yield of 104.5 bu was obtained with 80 lbs. of N 
as spring applied ammonia. The high yield of 99.5 bu/ A. 
of corn without nitrogen treatments is exceptional which 
points to the excellent climatic conditions of the year 
1958. The yield of 104.5 bu/ A. from the plots treated 
with 80 lbs. of N as ammonia is not as high as was ex
pected. However, the nitrogen in the total crop was 
higher than the crop of non-nitrogen treated corn. 

The nirrogen trial at Bragg City failed during the 
summer of 1958, because excessive rain and the poor 
drainage of the Sharkey clay soil resulted in water stand
ing on the plots. 

Results obtained on the Malden field show all plots 
receiving nitrogen to have produced more corn than the 
non-nitrogen plots. The highest yield, 77.8 bushels per 
acre, was obtained with 80 pounds of spring applied am
monia. This yield was 51.4 bushels more than the yield 
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obtained on the no-nitrogen plot. The treatment of 80 
pounds of nitrogen as nitrate applied in the spring yield
ed 75.8 bushels per acre, while 80 pounds of nitrogen as 
nitrate applied in the fall resulted in only a yield of 31.6 
bushels per acre. The application of 80 pounds of fall
applied ammonia resulted in a yield of 61.3 bushels per 
acre. 

The results obtained at McCredie revealed a no-ni
trogen yield of 100.8 bushels per acre. (This soil received 
lime and phosphorus and potassium in adequate 
amounts.) The best yield with nitrogen was 116.5 bushels 
per acre, which was obtained with 80 pounds of nitrogen 
applied in the fall. 

The 1958 season results show that on sandy soils 
spring-applied nitrogen is better than fall applied and 
that the ammonia form results in higher yields than ni
trate nitrogen. 

The 1958 data from Thompson farm and McCredie 
show no particular advantage of any form of nitrogen or 
any effect from all or spring application. 

Project 357-Soil Fertility and Soybean Production 

G. H. WAGNER 

Objective: 

To evaluate the management of soils with regard to added 
nutrients and amendments as a means of affecting yield and 
quality of soybeam. 

Detailed fertility studies were conducted at the Mc
Credie Station and in Southeast Missouri. The weather 
for the season was such that soybean yields were some 
of the highest that have ever been obtained. 

Soybeans grown on soils of Southeast Missouri which 
were deficient in calcium and magnesium gave striking 
response to additions of these elements. 

At McCredie on the Mexico silt loam soil the basic 
fertility level of the experimental field was brought to a 
good level. Some interesting effects on soybean yields 
were obtained with additional treatments added to this 
soil. 

Fertilizer applications of nitrogen to non-nodulating 
soybeans gave an increase in yield for both plowdown 
and sidedress applications. Sidedress applications when 
the plants were at full bloom resulted in the highest 
yield. Clark soybeans (nodulating) did not show a sig
nificant increase in yield from nitrogen additions. For 
both types of beans, when large amounts of nitrogen 
from a carrier containing nitrate were plowed down the 
yield was depressed. 

Potassium chloride plowed down at rates exceeding 
60 pounds of K 2 0 per acre depressed yields of clark 
soybeans. However, potassium salts of sulfate or carbo-



nate showed no effect at rates up to 480 lbs. of K 20 per 
acre. Calcium chloride treatments also had an adverse 
effect, indicating a toxicity of the chloride ion at high 
concentration in these cases. 

Phosphorus, calcium, and magnesium additions, at 
rates ranging upward to excessive amounts, in the form 
of the common fertilizer carriers of these nutrients had 
no influence on the yield of soybeans grown on this soil 
which was not considered to be deficient in them. 

Treatments with trace elements did not give con
sistent results. Starter fertilizers on this soil which was 
well supplied with minerals had little effect. Treatment 
with several amino acids and a protein as sidedress and 
spray treatments showed small increases in yield which 
lacked statistical significance. Yields were higher from 
plowdown treatments of ground corn stalks than for 
other crop residues. Several other organic materials such 
as dried milk showed promise. 

Foliar application of gibberellic acid significantly re
duced yields. Vegetatively the treatment caused elonga
tion of internodes, thin stems and increased lodging. The 
effect of the treatment applied to small seedlings was 
much more pronounced than that applied to more mature 
plants. 

Project 358-Soil Treatments for Alfalfa and Birds
foot Trefoil 

G . E. SMITH, T. M. DEAN, L. E. BARNES 

Objective: 

To determine fertilizer treatments and soil management 
practices for production of alfalfa and Birdsfoot Trefoil on 
different soil types. 

Alfalfa and Birdsfoot Trefoil have high mineral re
quirements. Production of alfalfa has been largely limited 
to more fertile soils. Birdsfoot Trefoil is being success
fully grown in some areas, but on other soil types, pro
duction has been eratic. This study is being conducted 
to determine the fertilizer treatments that will permit 
wider distribution of these crops. 

On most low fertility soils where alfalfa has not 
been considered adapted, applications of calcium, lime, 
phosphate, and potash to a depth of 12 to 14 inches, be
fore seeding, has been essential in maintaining stands. 
Annual applications of potash have been helpful on shal
low soils and where soil reserves of this element are not 

. high. 
Plow down applications of rock phosphate at rates 

of 1500 to 2000 pounds per acre before seeding, on low 
phosphorus-content soils, have been more effective than 
annual topdressings of superphosphates. Boron has been 
the only trace element that has shown any effect on 

vigor of plants and maintenance of stand. Applications 
of magnesium and sulfur have shown no positive re
sponse on any of the experimental fields . Applications of 
nitrogen in the early spring, and after each cutting have 
produced a darker green color, a slightly higher crude 
protein content, but have not influenced yields and have 
stimulated the growth of grass species. 

The results indicate there are few soils in the state, 
that can be plowed, where the addition of proper kinds 
and amounts of nutrients will not enable satisfactory 
yields of alfalfa to be produced. The practicability of 
growing alfalfa will depend upon the need for quality 
legume hay, and the cost of making the fertilizer addi
tions. Alfalfa apparently has the highest mineral require
ment of any crop grown in Missouri. 

Band seedings have given more rapid fall growth 
than broadcast applications. However, good stands were 
secured with all methods of planting. In the fall of 1958, 
with a good soil moisture content, 300 pounds of 12-12-12 
per acre band seeded gave excellent stands and more rapid 
growth than where 300 pounds of 3-12-12 per acre was 
the starter treatment. Nitrogen is essential in getting the 
young plants off to a vigorous early growth. Where the 
nitrogen in this band fertilizer was increased (300 pounds 
per acre equivalent of 24-12-12) there was some retarding 
of early growth, but the young plants tolerated this 72 
pounds of nitrogen per acre application and produced an 
excellent stand. 

Project 374-Segregation of Blended Fertilizer 
Materials 

G. E. SMITH, M. H . BROWN, c. w. GEHRKE, 

W. L. BAKER 

Objectives: 

A . To determine the efficiency of mixing equipment and 
the amount of segregation that occurs when different fertilizer 
materials are applied with different types of spreader equip
ment. 

B. To determine crop response to blended and granulated 
fertilizer materials when spread with different types of equip
ment. 

The quantity of blended or dry mixed fertilizer used 
has increased rapidly in the past few seasons. Most of 
these mixes are spread by trucks equipped with fans. This 
procedure for applying plant nutrients has reduced labor 
of handling and in many instances can lower the total 
cost. However, there are problems of segregation of the 
various compounds used and the possibility of uneven 
spreading. 

This project was initiated in December of 1958. 
Equipment is being constructed to simulate segregation 
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that might occur in truck beds and from spreader fans . 
Studies of evenness of distribution in the field and crop 
response to blended and granulated fertilizer materials are 
planned. 

Project 21 0-Meterological and Climatological 
Variations on Agricultural Production in Missouri 

W. L. DECKER, J. F. GERBER 

Field experiments to measure the amount of water 
evaporated and transpired from orchard grass, alfalfa and 
corn were conducted. High levels of productivity were 
maintained with ample water being supplied through 
rainfall and irrigation to care for plant needs. 

Physiological changes in the plants caused changes, 
in the rate of evapotranspiration. Alfalfa used water at a 
much slower rate between full bloom stage and cutting. 
Cutting of the alfalfa and orchard grass resulted in a sharp 
drop in water use. In the case of the alfalfa, new growth 
quickly restored its capacity to use water. 

During the period May 7 to October 18, the alfalfa 
used 26.14 inches of water while the orchard grass utilized 
24.15 inches. Corn experienced a shorter growing season, 
utilizing 17.93 inches for the period June 13 to October 
9. The daily average water use for alfalfa, orchard grass 
and corn was .17, .16, .15 inch per day. 

An attempt was made to relate the water used by 
plants to concurrent weather factors. From data collected 
it appeared that more energy was utilized by the denser 
and taller plant covers in their physical and biological 
processes. This would lead one to conclude that either 
higher evapotranspiration should be occurring from these 
thicker covers or that the energy was being dissipated by 
other means. 

Efforts to relate the water used by these three covers 
to that predicted by existing mathematical models were 
not too successful. It appears that one must either refine 
observational techniques to better use these models, or 
obtain different models. 

Project 281-Effects of Climatological Variations 
on Agricultural Production in Missouri 

W . L. DECKER,]. D. McQuiGG 

A review of research dealing with the effect of tem
perature on agricultural production has been completed. 
This review indicates that in north central United States 
temperatures adversely affect crop growth in a limited 
number of ways. 
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1. Although cold winter temperatures may cause in
convenience, they are not injurious to the agriculture of 
the area. 

2. Most major farm crops and horticultural plants 
may sustain freeze injury in the spring. Exceptions to this 
rule are the soybean crop throughout the region and the 
corn crop in southern portion of the region which avoids 
spring freeze damage by late planting. It was noted that 
plants are injured by different levels of sub-freezing 
temperature. 

3. Growth and development of plants do not occur 
until temperatures rise about the minimum for that crop. 
In the north central area of the U.S., the temperatures of 
40 ° and 50°F. appear to be the minimum for the devel
opment of most crops. 

4. In summer, growth and fruit setting of many agri
cultural plants is reduced by temperatures above 95 o to 
100°F. 

5. In much of the north central area of the U.S. an 
early fall freeze is injurious to corn. Horticultural plants 
are often killed by the occurrance of sub-freezing tempera
tures in fall. 

A method has been designed for calculating the 
chance for runs of days with temperatures critical to agri
culture. A practical mathematical model has been designed 
which accounts for the lack of independence of tempera
ture events and the changes in probability of a tempera
ture occurrance with time. 

Grain drying in the fall is an important technique 
for obtaining high quality grain. A theoretical model has 
been constructed which determines the relationship be
tween grain drying and weather factors. The analysis de
termines the changes in air temperatures during the dry
ing process as related to the drying power of the air. A 
study of the variation in the drying power of the air has 
been undertaken to determine the chances for needing 
different rypes of drying equipment. 

Project 324-The Determination of Geographic Dis
tribution of Precipitation Clouds by Use of Radar 

J. D. MCQUIGG, W . L. DECKER 

Limited progress has been made in the design of an 
experiment for determining the geographic distribution 
of precipitation douds. Areas have been selected for test
ing the effect of topography on rain formation. These in
clude regions in the Missouri River Bottom and in the 
Ozark Border Region. 



Veterinary Medicine 
A. H. Groth, Dean 

Project 8-Biood Titer Studies in Brucellosis 

A. H. GROTH, CECIL ELDER, D. E. RODABAUGH, 
HAROLD B. WRIGHT 

Objettives: 

To learn what effect, if any, various products used by 
veterinarians in the treatment of animal diseases would have 
upon the blood titer of cattle as determined by the agglutina
tion test for brucellosis. Thirty-seven products, including bio
logical and therapeutic agents, were tested and the amounts 
used were in agreement with those usually administered by 
veterinarians dealing with field cases of disease. The blood re
actions, dosages of products used and the effect on blood titers 
are given. A review of the literature and a list of references 
are included. 

Also, an attempt to develop a technique for differentiating 
between vaccinal and field infection titers and to study the 
pos.ribilities of finding specific antigen that would be suitable 
for differentiation purposes. 

Ten vaccinated and Jour naturally infeaed cattle were avail
able for the study which is divided into four parts. 

1. Studies were made of the agglutination reaction 
of udder secretions of all the dry cows on the experiment. 
Udder secretions of naturally infected cattle reacted in ap
proximately the same dilutions as did the blood serum 
with only a slight variation both above and below. In 
vaccinated cows the reaction of the udder secretion tends 
to disappear in individuals that have low blood serum 
titers. Animals with blood serum titers of 1 to 100 or 
higher had a similar titer in the udder secretions. No in
fected cows with blood titers as low as 1 to 100 were 
available for study. Insufficient evidence was obtained to 
indicate a significant difference between the agglutina
tion reaction of udder secretions of dry vaccinated cows 
and dry infected cows. 

2. Microscopic agglutination reactions of blo~ serum 
from vaccinated cows and infected cows when usmg spe
cific antigens prepared from Strain 19 and natural i~fec
tion strains of Brucella abortus failed to show any dtffer
ence. Antigens prepared with the infecti~n strain p~o
duced good clumping when combined wtth se~a of m
fected and vaccinated cattle, but there was no dtfference 
in the agglutination reaction of these animals. Anti~ens 
prepared with Strain 19 organisms gave poorer agglutma
tion when combined with both sera, but there was no 
difference in the reaction. 

3. Tests were set up with the use of 10 percent 
homologous serum in solid Albimi agar. Sterile sera from 
vaccinated cows, infected cows and negative cows were 
obtained by filtering the serum through Seitz filters. 
Serum was incorporated with the agar at a temperature of 
45 a C. Plates were inoculated with Strain 19 and infec
tion strains of organisms and incubated at 3 r c. for 24 
and 48 hours. There were no recognizable differences in 
the amount or consistency of growth on the plates. A 
series of tests was set up using brain heart infusion broth. 
Sera from naturally infected cows, vaccinated cows and 
negative cows was added to make dilutions ranging from 
1 to 50 to 1 to 3200. Each dilution was inoculated with 
measured amounts of Strain 19 and the infection strain 
and examined at the end of 24 and 48 hours. In the ag
glutination that took place there were no differences be
tween the extent or character of agglutination of either 
Strain 19 or the infection strain. 

4. Studies on variation of the agglutin absorption 
technique gave inconclusive results and should be pursued 
further. 

In another part of the work the effect of a systemic 
insecticide (Ectoral) on blood agglutination titer was 
studied on ten cows. Six were vaccinated cows, two nat
urally infected and two were negative cows. Blood sam
ples were collected for seven consecutive days after treat
ment and then again on the twelfth day. There were no 
significant changes in blood titers of any of the cows after 
they had received Ectoral. 

Project 1 08-lnternal Parasites of Ruminants 

A. H. GROTH, D. E . RODABAUGH, G. c. SHELTON 

Objectives: 

A. To evaluate under critical test conditions recently de
veloped anthelmintics for use against internal parasites of 
ruminants. 

B. Study the anthelmintic tolerance characteristics that 
appear to be developing in some strains of internal parasites. 

C. To acquire more basic information concerning bio
nomics, species specificity, immunity, and host parasite relation
ships for parasites of ruminants. 

1. Dithiazanine iodide exhibited high anthelmintic 
efficacy against Hemonchus, Trichuris and Oesophago
stomum under the conditions of this test. (90-100 percent 
in most animals). 
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2. Dithiazanine iodide gave fair to good results 
against Trichostrongylus and Cooperia. (50 to 70 percent in 
most animals) The results were difficult to estimate for 
these genera. 

3. Phenothiazine proved highly effective against 
Hemonchus. No strains of Hemonchus resistant to pheno
thiazine have been found in Missouri, although there is 
evidence of their existence. 

4. Tetrachlorethylene proved an erratic anthelmintic 
in very limited trials . It proved very effective in three 
lambs against T. colubriformis, however. 

Project 140-Hog Cholero Immunization 

A. H. GROTH, CECIL ELDER, D. E . RODABAUGH, 

HAROLD B. WRIGHT 

Objectives: 

A. To study and if possible determine the factor or factors 
influencing antibody production in hog cholera immunization. 

B. To study immunity produced by the administration of 
SWIVAX. 

C. To challenge the immunity produced under different 
methods of management. 

Fifteen sows bred in December, 1957 were placed on 
the experiment. Eight of the sows were kept in a dry lot 
and fed a ration consisting of 95 parts ground corn and 5 
parts linseed oil meal plus a mineral mixture containing 
equal parts ground limestone, steamed bone meal and 
salt. Seven sows were kept on blue grass pasture and fed 
a well balanced ration. All of the pigs from these experi
mental sows were weaned at approximately six weeks of 
age and were vaccinated with SWIV AX at approximately 
eight weeks of age. Following weaning the pigs were 
kept in the same premises and on the same ration as 
their mothers and this was continued for 30 days follow
ing vaccination. An exception to this was the change of 
ration of the dry lot pigs, when the linseed oil meal was 
removed and the pl.gs received only ground corn. 

The severity of the deficient ration was quite evi
dent in the dry lot pigs. Of the original 72 live pigs far
rowed, only 46 were alive 90 days after vaccination. In 
the pasture lot, of 51 live pigs farrowed 48 remained 
alive 90 days after vaccination. 

Thirty days after vaccination all dry lot pigs were 
moved to a blue grass pasture and were placed on the 
same balanced growing ration as ·the pasture lot pigs. 

Ninety days after vaccination half of the pigs in each 
lot and two control pigs were removed from the pasture 
and challenged by the injection of 4 rnl. of virulent hog 
cholera virus. Following this challenge 43 percent of the 
dry lot pigs showed temperatures of 105° F. or higher for 
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one or more days. One pig died and showed typical 
symptoms and lesions of hog cholera. None of the pigs 
in the pasture lot showed temperatures as high as 105 °F. 
throughout any of the challenge period. Two unvacci
nated control pigs which received 4 ml. of virus devel
oped typical symptoms of hog cholera and died on the 
tenth and eleventh days following injection. These pigs 
had lesions at post mortem which were characteristic of 
hog cholera. 

The remaining half of the pigs were challenged at 
150 days after vaccination with 4 mi. of virus received in 
another shipment. At this time 23.8 percent of the dry 
lot pigs showed temperatures of 105 o F. or higher for 
one or more days. There were no deaths in this group. 
In the pasture group 13.16 percent showed temperatures 
of 105 o F. One pig in this group died three weeks after 
injection of the virus. At autopsy, purulent mephritis and 
metastatic foci in various other organs were found. This 
death was not looked upon as being due to the chal
lenge virus. 

Two unvaccinated control pigs challenged at the 
same time with the same virus failed to exhibit char
acteristic symptoms of hog cholera. Both pigs developed 
a severe pneumonia and died on the fifteenth day. Post 
mortem examination showed severe lobular pneumonia 
which was considered the probable cause of death. Nu
merous petechial hemorrhages on the surface of the kid
ney were found and some lymph glands showed peri
pheral hemorrhages. This seemed to indicate the virus 
used in this later series was not as virulent as that used 
in the first series. 

Further work seems to be warranted on this project 
with every effort being made to use virus of standardized 
potency. 

The results of the first challenge series this year and 
those obtained in previous years work, point to a possible 
and very probable relationship between the feeding of a 
poor ration and the amount of immunity produced. 

Project 145-Testing for S. Pullorum, and S. 
Typhimurium of Antigen, and Salmonella 
Typing 

A. H. GROTH, H. C. McDouGLE 

Objectives: 

A. To continue the production of S. pullorum, and S. 
typhimurium antigen to be used in the tube agglutination test. 

B. To continue typing Salmonellas and similar enteric 
microorganisms. 

A. (1) Total S. pullorum tests-chickens 265 
Reactors 0 



(2) Total S. pullorum tests-turkeys 
Reactors 
Percent Reactors- Turkeys 

(3) Total tests -ex peri men tal 
turkeys 
Total tests-poultry · 

B. Total S. typhimurium test turkeys 
Reactors 

38,826 
128 

0.32 

12,118 
51,209 
12,884 

32 
Pereent Reactors 0.25 

c. (1) Concerning the production of 
S. pullorum antigen. 

Antigen on hand from last year 
sufficient to test 502,500 samples 

Antigen distributed to test 176,500 samples 
Antigen used in laboratory 

to test 
Antigen on hand to test 
And 400 ml of Strain 17 • 

concentrated antigen. 

51,209 samples 
313,500 samples 

(2) Concerning the production of 
S. typhimurium antigen. 

On hand from last year 
sufficient to test 

Antigen distributed to test 
Antigen used in laboratory 

to test 
Antigen on hand to test 

40,000 samples 
99,00 samples 

12,884 samples 
16,000 samples 

Project 176-Salmonellosis in Turkeys 

A. H. GROTH, H. C. McDoUGLE 

Objectives: 

A. To determine the fate of S. pullorum (Standard and 
Variant straim) when injected into housed healthy turkeys. 

B. To secure poults from flocks in which S. pullorum 
has recently been diagnosed. The purpose is to determine the 
shedder and titer periods. 

A large breeding flock was found to contain a high 
percent of reactors to the standard tube agglutination 
test for S. pullorum. 204 eggs were purchased from se
lected reactors. Blood and fecal cultures of the 95 poults, 
hatched, were made. No Salmonellas were found, nor 
did the infertile eggs, dea embryos, poults failing to get 
out of the shell, or weak poults yield suspicious micro
organisms. The poults were removed to the Veterinary 
Research Farm where blood and fecal cultures were made 
for a period of time. Proteus sp. were usually isolated 
from the feces. A few coliforms were isolated from the 
blood. Eleven tube agglutination tests using standard 
antigen were made until September 8 and October 15, 
1958. Two poults gave a partial reaction at 1-50. All 
poults were negative to S. typhimurium antigen. They 

were also negative to Proteus, Coliform, and a Cocci 
antigen. Of the several poults dying of incidental causes, 
none were carrying any Salmonella according to our 
technique. 

Salmonellas could not be isolated from poults hatched 
from high reacting parent stock. Neither did they fully 
react to S. pullorum antigen (2 poults gave slight reac
tion). 

September 8 and October 15, 1958, thirty-two nega
tive reacting turkeys (those remaining from part 6C) 
were inoculated, under the left anterior lobe of the kid
ney) into the body cavity with 24 hour broth types of S. 
pullorum. 

16 turkeys were injected with standard strain of S. 
pullorum, 

8 turkeys were injected with an intermediate strain 
of S. pullorum, and 

8 turkeys were injected with Variant strain of S. 
pullorum. 

Results from 8 intermediate (I) S. pullorum injection: 
1. Maximum titers, 1-12,800 were observed on the 

lOth and 14th day. 
2. The titers receded to 1-400 by the 29th day post 

inoculation. 
3. Blood cultures on the 4th, 5th, and 7th days 

yielded six isolates of S. pollorum (S). 
4. Some 50+-days post inoculation the 8 birds were 

killed. 

All yielded cultures of Standard S. pullorum. 

Results from the 8 turkeys injected with Stardard (S) S. 
pullorum: 
1. Maximum titers, 1-6,400 were observed on the 8th 

and lOth day. 
2. The titers receded to 1-400 by the 25th day post 

inoculation. 
3. Blood cultures on the 3rd, 4th, and 7th post inocu

lation days yielded S. pullorum (S), 1 a Variant strain of 
S. pullorum, 1 from which no recoveries were made. 

Results from 8 other turkeys injected with S. pullorum (S): 
1. Maximum titer 1-204,800 on the 14th day post 

inoculation. 
2. The titers receded to 1-400 by the 85th day. 
3. Fecal cultures on the 5th day post inoculation 

yielded S. pollorum (S). 
4. This group is being kept for breeders (except 1). 

Results. from the 8 turkeys injected with S. pullorum (V) : 
1. Maximum titer 1-102,400 on the 12th day post 

inoculation. 
2. The titers receded to 1-200 by the 85th day. 
3. Fecal cultures on the 5th, 7th, and 12th day 

yielded S. pullorum (V). 
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4. This group is being kept for breeders (with the 
exception of 2) . 

Salmonella were readily isolated (1 exception) 50+
days post inoculation from brids 3 + months of age when 
inoculated. S. pollorum could not be isolated from blood 
or fecal cultures after 12 days post inoculation. Two of 
the injected birds, No. 160 and 110, became ill but quick
ly recovered. One Control of 16 showed a 1-400 titer, but 
blood and fecal cultures were negative. Some titer varia
tion has been observed from week to week, but it has 
not been serious considering the fact that to date the 
birds have been bled 33 times. Most of the S. pullorum 
isolations have been from the viscera and the reproduc
tive tract. 

Project 117-Drug Studies 

A. H. GROTH, G . C. SHELTON, A . D. ALLEN 

Objectives: 

To determine if benefits would be derived by swine in the 
form of increased gain, growth or feed conversion as a result 
of treating the soil with sodium pentachlorophenate for destruc
tion of soil phases of internal parasites. 

Four sows were bred to farrow as near the same date 
as was possible. The sows were determined to be free of 
ascarids during gestation. They were moved to clean con
crete floored farrowing stalls after being scrubbed vigor
ously with hot water and detergent to remove all ascarid 
eggs from the hair, udder, and so forth. When the pigs 
were approximately one week old the sows and pigs were 
hauled to clean pastures where no hogs had been kept 
for many years. 

When the four litters of pigs (2 litters of 9 pigs 
each, 2 litters of 10 pigs each) were approximately 6 
weeks of age they were selected for Test pens 1, 2, 3, 4. 
The four litters were divided among the four test pens 
in a manner so as to equalize as nearly as possible for 
distribution with regard to litter and size. Due to the 
fortunate near equal size of the litters it was possible to 
equalize with regard to both characteristics very well. 

Pen 1 10 pigs Total Weight of Pigs 188.4 lb. 
Pen 2 10 pigs Total Weight of Pigs 183 lb . 
Pen 3 9 pigs Total Weight of Pigs 160.5 lb. 
Pen 4 9 pigs Total Weight of Pigs 165 lb. 

Four pens, numbers 1, 2, 3, 4 (each 256 sq. ft. in 
area), were arranged in a contiguous row with gradual 
drainage toward the front. Heavy sheet metal panels were 
extended 8 inches into the soil at the lateral partitions 
of each pen so that cross drainage could not occur. A 
shed type hog house and an automatic feeder and waterer 
were placed in each pen. A commercial pig grower was 
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kept before the pigs at all times. The area used for these 
tests was an old hog lot where swine had been raised an
nually for the last 30 years. 

Heavy ascarid infestation of the soil was insured by 
rotating young scrub pigs naturally infected with ascarids 
through the pens several weeks before the soil treatment 
tests were initiated. Sixteen young pigs were divided, 4 to 
each test pen, and rotated at 4 day intervals. In this way 
each group of pigs were in each pen for a total of 8 days. 

Pens 1 and 3 were treated at the rate of 12 ounces sodi
um pentachorphenate dissolved in 2 gallons of water per 
100 square feet of soil surface. Pens 2 and 4 were left as con
trols. 

One factor which may have had a significant influ
ence on this experiment should be noted. It was necessary 
to chemically treat pens 1 and 3 late in July if at all pos
sible. This was done even though the soil was so muddy 
and soft that in places it would not bear the weight of 
the spray operator. Almost 16 inches of rain had fallen 
on these plots during July. 

No significant difference was noted in the rate of 
gain between the pigs on the soil treated and untreated 
plots at the end of two and four week periods. The feed 
conversion rates were essentially the same. At the end of 
four weeks on the test, two pigs were selected from each 
of the four pens and autopsied. Moderate liver scarring 
was evident on the livers of all eight pigs. 

There was no discernible difference in numbers of 
liver scars between pigs from treated and untreated plots. 
The test was continued for 4 more weeks with no indica
tion that any appreciable control in ascarids had been ob
tained. 

The reasons for the poor results of the 1958 t<:sts are 
unknown. Certainly they do not agree with the results of 
the 1957 work which indicated that soldum pentachloro
phenate as an ovicide reduced liver scarring due to ascarid 
invasion about 65 percent. Also young pigs on the ovicide 
treated plots made almost 20 percent better gains. 

Possibly the extreme water saturation of the soil at 
the time of the ovicide application so diluted the chemi
cal that it did not reach the ~scarid eggs in sufficient con
centration to be lethal. It is obvious that a basic study of 
the effect of different soil conditions, especially moisture 
content, must be made before we can fully evaluate sodi
um pentachlorophenate as a soil ovicide against parasitic 
nematodes of the ascarid group. 

A group of 8 sows was included in the study. All 
animals in the group were later slaughtered and the num
bers of embryos in the uteri determined. 

Three of the sows were injected with 200 IU of 
pregnant mare serum. Two of the three were also injected 
with 250 mg. of repositol progesterone 4 days postbreed
ing and at 10 day intervals until removal date which was 
approximately 50 days postbreeding. The remaining 5 



sows were untreated. 
Litter sizes in the untreated sows ranged from 5 to 

17 pigs with an average of 10 pigs for each of the 4 sows 
that conceived. The fifth sow did not conceive. Litter 
sizes from the treated sows ranged from 11 to 18 pigs. 
The 2 sows that were injected with pregnant mare serum 
followed by progesterone had litters of 17 and 18 pigs 
each. -

Indications are that exogenous sources of progester
one may be necessary to support the larger number of 
pigs which result from the use of exogenous sources of 
gonadotropic hormones. 

Project 308-lnfectious Synoritis Complex 

A. H . GROTH, E . L. McCUNE, H. C. McDoUGLE 

Objectives: 

A . Isolation and growth of the causative agent. 
B. The extent of gross and microscopic damage caused by 

A during the adolescent period in turkeys and chickens. 

The agent was found to be unstable after storage 
at-10°F. 

a. Previously infectious material stored 10 to 27 
months failed to produce symptoms or lesions when in
jected into chicks or chick embryos. 

b. Freshly harvested material from field cases in 
poults caused the typical disease 15 to 28 days after injec
tion. 

The agent has been found to be retained by filters of 
smaller pore size. 

a. Mandler filtrates were innocuous-when injected 
into healthy points. 

b. Unfiltered material, part of that in 2. a. produced 
the disease 23 days after injection into healthy poults. 

Tissues for microscopic evaluation have been col
lected. The results will be reported next year. 

Project 326-The Causes of Enteritis in Swine 

CECIL ELDER, HAROLD B. WRIGHT 

Objectives: 

A . To study the cause or causes of enteritis occuring in 
swine under Missouri conditions. 

B. To study enteritis in swine due to Salmonella 
Choleraesuis. 

C. To determine the efficacy of furazolidone in treating 
swine enteritis due to Salmonella Choleraesuis. 

, . D; To determine the value of furazolidone as a preven
tive agent in the control of swine enteritis due to Salmonella 
Choleraesuis. 

E. To determine the value of any other product either on 
the market or that may come on the market for treatment and 
control of swine enteritis due to Salmonella Choleraesuis infec
tions. 

In a study of the efficiency of furazolidone 42 pigs 
were on the experiment. The pigs were divided into 
seven pens according to weight, sex, litters, etc. 
These pigs had been farrowed under sanitary con
ditions and were relatively disease free. For com
parative purposes we included an antibiotic administered 
in drinking water in two of our seven pens. The pigs 
were exposed to Salmonella choleraesuis infection by us
ing 0.3 cc. of a broth culture of the organism taken from 
the second 24 hour subculture from a lyopbilized culture. 
At time of exposure pigs ranged in age from 10 to 13 
weeks anfi their average weight was 59.2 pounds. 

It was concluded furazolidone had no marked bene
ficial value either as a prophylactic or as a curative treat
ment in this experiment when comparisons are made 
with the untreated unexposed controls. 

Biosol had little or no beneficial effect on the course 
of the disease and the results closely parallel those ob
tained in untreated, exposed <;ontrols. 

Conclusion on the effect of the drugs on contact ex
posure animals could not be drawn as the infective dose 
used (found to be adequate in previous trials) did not 
produce severe enough infection for testing purposes. 

Project 342-The Physiologic Effect of Continued 
Feeding of Reserpine (Serpasil) on Western 
Ewe Lambs 

A. H . GROTH, A. D . ALLEN 

Objectives: 

To determine the effect of continued oral administration 
of reserpine (Serpasil) on certain glands and extra cellular 
fluids of ewe lambs. Also to determine the effect of the drug 
on rate and efficiency of gains. 

These results tend to indicate that the feeding of 
tranquilizers as reserpine under these conditions to ewe 
lambs did not give greater gains than the control animal. 
Less activity by the animals and greater ease of handling 
was noted in the higher level research lots. 

Project 347-The Effect of Orinase on Feed 
Consumption and Body Weight 

H . E. DALE 

A comparison was made between rats given 250 mg. 
of Orinase daily by stomach tube, rats fed Orinase at a 
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level of 4 percent of the ration, rats injected daily with 
protamine zinc insulin (5 units per 100 grams body 
weight), and control rats. The insulin treated rats had a 
marked decrease in the concentration of blood glucose 
(approximately 50 percent of controle value) and were 
hyperphagic to the extent that weight gains in a three 
week period were noticeably larger than weight gains 
during the same period in the control rats. The rats given 
Orinase, both as part of the ration and by stomach tube, 
had a slight decrease in the concentration of blood glu
cose (approximately 10 percent) and weight gains in a 
three week period that were noticeably less than the 
weight gains of control rats during the same period. This 
study is continuing. 

Project 375-Epedemiologic Studies on Leptospirosis 

DONALD C. BLUDEN, HERBERT S. GOLDBERG 

Objectives: 

A. Setting up cultural facilities to be used on a diagnostic 
basis and attempt to improve existing cultural methods, and; 

B. Determine whether the Leptospira will stimulate a 
positive skin test in infected animals. This, if found to be true, 
would be of great diagnostic significance. 

Since this project has been initiated, there is no 
active progress to report. Equipment is being assembled, 
however, and work will begin as soon as orders are re
ceived. 

Outlying Experiment Fields 
and Research Centers 

Homer J. L'Hote, Assistant Director 

Project 273-Thompson Farm Improvement 

CHARLES CROMWELL, SAM ROWE 

Cropping of land areas. 
In the 1958 crop year the fol~owing crops were pro

duced on Thompson Farm: 390 bu. barley, 17000 bu. 
corn, 7150 bu. grain sorghum, 2300 bu. soybeans, 3800 
bu. wheat, 3650 bu. oats, 40 ton alfalfa hay, 100 ton 
straw, 35 acres of alfalfa seeded in early fall failed. 

Because of the wet weather during regular harvest 
season only about one-third of the oat crop could be har
vested. Most of the oats were of such low quality that 
they were hauled to Weldon Springs for feed. The barley 
crop was almost a failure due to an army worm infesta
tion. A large part of the acreage of the soybeans were 
planted too late to produce a satisfactory crop. Also, be
cause of the wet weather we secured a very poor stand 
of corn on a considerable part of the acres planted. 

Lake construction 

No further work was done on lake construction be~ 
cause no funds were available. 

Land grading, terracing drainage 
A total of 52 acres of the west section was land 

126 

graded. Because of weather condition this was all that 
we could get graded last year. 

A flat bottom drainage ditch was cut from the center 
of the two sections along the county road to our south 
line. This provides fairly good drainage for the west side 
of the east section of our land. At the west end of the 
grass waterway on the south side of the east section, two 
30-inch road culverts were installed to carry the water 
from the grass waterway under the road. 

In the northeast corner of the west section a drainage 
ditch about 150 feet in length was cut along the northern 
boundary. 

Because of wet weather conditions no terracing was 
done. 

A research program for the area 
The research committee developed cropping plans 

and land grading and drainage plans for 256 acres in the 
west section. Soils Department has developed new ex
periments for 20 acres of the land, also, the graded area. 

Other improvements 

A 24-inch gravel packed irrigation well 209 feet deep 
was completed. The Geological Survey, also, put down 
an observation well about 600 feet west of our irrigation 
well. The purpose of this well is to observe the water 
table as we use the irrigation well. 



Project 297-lmprovement of Land and Buildings 
at Weldon Springs 

CHARLES CROMWELL, GERALD WRIGHT 

Objectives: 

A. Production of feed and pasture for the Hereford herd 
used on Animal Husbandry Research Projects. 

B. Caring for the herd and furnishing facilities for han
dling the cattle. 

C. Proving facilities and assisting the research work, fire 
control, etc. Forestry projects. 

D. Assisting with the Research work on the Soils Re
search Project. 

Physical improvements during the year included: 
Construction of a 500 bushel steel grain storage build
ing; completed construction of the corral with inclosed 
scales in a 40 foot x 36 foot building in Hidden Valley ; 
construction of two cattle guards; construction of two 
small ponds for cattle water; construction of four con
create water tanks; construction of twenty-eight feed 
bunks; construction of six weather proof salt and mineral 
feeders; construction of scale pit-house and installed 
twenty ton truck scales; constructed 2.3 miles of new 
fence; cleared 75 acres of trees and brush; hauled 420 
tons, of rock for creek crossing and rebuilt crossing four 
times; hauled and spread 350 yards of creek gravel on 
roads and lots; limed 75 acres; new seedings of permanent 
pasture 162 acres; reseeded 135 acres of permanent pasture. 

Six tons of 60 percent Potash were used on 90 acres; 
40 tons of 20 percent Phosphate were applied on 160 
acres; 40 tons of 12-12-12 fertilizer were applied on 400 
acres of corn and 300 acres of grass; 47 tons of Anhy
drous Ammonia were applied on 340 acres of pastures, 
400 acres of corn and 40 acres of sedan. 

Because of wet weather and the Missouri River 
floods crop production was the lowest since we have been 
operating at Weldon Springs. Crops produced included: 
1200 tons of grass silage; 60 bushels corn; 3000 pounds 
fescue seed; 600 pounds orchard grass seed; 7000 pounds 
lespedeza; 1360 bushels wheat; 1073 bushels rye; 570 
acres of temporary pasture (primarily small grain) was 
seeded. 

Project 298-lmprovement and Operation of Ex
periment Station Farms 

CHARLES CROMWELL, GROVER PERKINS 

Objectives: 

The improvement and operation of the Experiment Sta
tion Farms around Columbia and assisting the various De
partments as our services are needed. 

During the past year the following work was ac
complished: 

1. Construction of a 28' x 60' Shop Building to 
serve as Headquarters and a place to repair and service 
our equipment. 

2. Constructed and surfaced with rock a driveway to 
this building and area around the building. 

3. Cleared the trees and leveled the site for the 
swine Evaluation Station . 

4. Leveled and filled the site for the new Dairy Barns 
west of Columbia. 

5. Dug a trench silo for the Department of Animal 
Husbandry. 

6. Cleared out and enlarged a trench silo for the 
Department of Dairy Husbandry. 

7. Used dozers to clear out trees and brush and 
level approximately lh mile of fence line on Swine Farm. 

8. Made a dirt fill on the end of the hog barn on 
the Swine Farm. 

9. Made a dirt and rock fill on the University Sheep 
Farm. 

10. Used dozers to remove brush and trees and to 
level about a mile of fence row for the Animal Hus
bandry Department on the University South Farms. 

11. Removed brush and trees on about 2 miles of 
fence rows on the McCredie Farm. 

12. Used dozer and scraper to construct roadways 
and level plot for Soils Department on University South 
Farm. 

13. Transported equipment and supplies to and from 
various places in the state for several departments. 

14. Hauled about 3500 bales of straw from Thompson 
Farm to Columbia for the Animal Husbandry Depart
ment. 

15. Hauled about 2500 bales of hay and straw from 
the Thompson Farm to Weldon Springs. 

16. Steamed cleaned, painted and repaired all of our 
equipment. 

During the year we secured the following pieces of 
major equipment through Government Surplus Property : 

2 13 yard Tournapulls 

1 D8 Caterpillar Dozer 
1 D7 Caterpillar Dozer 
1 2000 gallon fuel Transport Trailer 
1 Chevrolet Truck Tractor 
1 Ford Truck Tractor 
1 Turrett Lathe 
1 Drilling Machine 
1 Cutter Tool Grinder 
1 Road Grader 
1 #304 Koehring Cruiser Crane 
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Project 307-0peration of Southeast Missouri Fields 

CHARLES CROMWELL, NORMAN BROWN, JAMES ROTH 

This project provides operational service to 49 dif
ferent Research Projects in Southeast Missouri located on 
six leased fields and on 46 cooperating farms. The opera
tional work includes all seed bed preparations, general 
planting, insect and weed control, defoliation, cultivation 
and harvesting. Also, included in this work is the irriga
tion of all crops as needed, keeping drainage ditches open 
and in repair. 

All leasing of land and equipment and general facili
ties are provided under this project. Two additional 
shallow irrigation wells were provided during the year. 

Sales this past year of harvested crops (after research 
harvestings were made) amounted to $14,650.00. Crop 
yields were unusually good and of course sales were 
high as a result. 

While most of the equipment at the Research Center 
is secured under a lease plan, we do make some addi
tions which are owned. For the most part these addi
tions were secured from Government Surplus. The past 
year we acquired from Government Surplus: 

1 International Dump Truck which is in excel

lent condition 
1 Ford Truck Tractor 
1 Tow-type trailer for hauling equipment be

tween farms 
1 TD-9 Crawler Tractor 

In addition to furnishing office space for our staff, 
we provide office space for 6 USDA and Missouri State 
Agricultural Department officials. 

Project 361-Southeast Missouri Research Center 

GEORGE SMITH, ALBERT DYER, EMMETT L. PINNELL, 

CHARLES CROMWELL, R. A. SCHROEDER, 

NORMAN BROWN, HOMER]. L'HOTE, JAMES ROTH 

Objeaive: 

The purpose of this project is to locate a permanent site 
for the Southeast Missouri Research Center. The last session 
of the Missouri legislature appropriated $7 5,000 to be used in 
the purchase of land for this site. 

The first contacts in an attempt to locate a site were 
made through the following Chambers of Commerce: 
Charleston in Mississippi County; Sikeston in Scott 
County; New Madrid in New Madrid County; Dexter 
in Stoddard County; Malden in Dunklin County; Ken
nett in Dunklin County; Naylor in Ripley County; Port
ageville in New Madrid County; Caruthersville in Pemis
cot County; Poplar Bluff in Butler County. Contacts 
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were, also, made with and through the Missouri Delta 
Development Association which represents the entire 
Southeast Missouri area. Many contacts were made through 
various individuals who were interested in the project. 

For the most part land areas that were offered us 
voluntarily, which were small in number, were those 
land areas which no one else seemed to want. Prices on 
land offered ranged from $225 to as much as $1000 per 
acre. A site which has possibilities of filling our needs 
is one located about four miles north of Parma in Stod
dard County, this tract of 640 acres can be purchased at 
a price of $325 an acre. This tract has excellent location 
with respect to roads but is a little too far north to be 
what we might call centrally located. The two soil types 
are uniform but the sandy soil type would be more de
sirable if the subsoil had somewhat better internal drain
age. 

There are some possibilities of a site east of Portage
ville as the tract involved may ultimately be given to the 
University in a will. 

The committee, also, has covered practically all of 
Southeast Missouri and has selected a number of tracts 
which it felt would satisfy our requirements. However, 
none of these tracts are available for a purchase on a 
voluntary basis. As yet the committee is not ready to rec
ommend a site for Southeast Missouri. 

Project 364-Southwest Missouri Research Center 

M. M. JONES, E . M . FUNK, CARL HAYWARD, 

ALBERT DYER, c. P. MERILAN, E. L. PINNELL, 

GEORGE E. SMITH, R . A. SCHROEDER 

Objeaive: 

The primary objective for this project for the past year 
was to locate a site for the Southwest Missouri Research Center. 
The committee inspected 23 different sites in 8 counties. These 
23 sites involved between 40-45 different farms. 

The committee finally recommended a site on Hiway 
166 about four miles southwest of Mt. Vernon in 
La~rence ~ounty. This site fulfilled most of the specifi
cations whiCh the committee had set forth. 

The tract consisted of 2 farms, one of 240 acres and 
one of 350 acres. The total purchase price for both farms 
was $70,000. 

As soon as the farms were purchased, a de
tailed soil survey was made. The information included soil 
types, slope, and depth to ch~trt rock. In addition represent
ative profiles of the different soil types were taken. A large 
number of soil samples were taken and detailed chemical 
analyses were made. 

In order to complete the soil information on the 240 
acre tract, a uniform seeding of oats was made this spring. 



This area will be gridded in 110 ft. squares to enable us to 
carefully observe and record differences in the growth of 
this crop. This will permit the detection of other soil 
differences which might not have been determined by 
the other surveys and tests. 

A special committee of leading agricultural people 

was appointed in each county in the area. These com
mittees were asked to report on what they considered 
were the most important agricultural problems needing 
study. The purpose of these reports was to help the 
Southwest Missouri Research Committee determine the 
best program of research for this area. 

Fertilizer Inspection 
W. L. Baker, Superoisor 

Project 186-The Administration of the Missouri 
Fertilizer Law 

W. L. BAKER, ROBERT WEHRMANN, 

WM. BERNHARDT, CLARENCE ROBERTS 

Objectives: 
Administration and enforcement of the Missouri Fertilizer 

Law by means of 
A. Operation of an inspection program that will provide 

the miximum protection and guidance to the fertilizer con
sumers of the state. 

B. Preparation and publication of the results of the in
spection and analysis programs. 

C. Maintenance of records listing every lot of fertilizer 
reported shipped for use in the state and tabulation of this · 
data for publication. 

D. Collection of a fee of 30¢ for each ton of fertilizer 
sold in the state. 

E. Inspection of the records of companies holding permit 
to sell fertilizers in the state to determine if the provisions of 
the fertilizer law are being fully complied with. 

During the calendar year 1958 one part-time and 
two full-time inspectors called on farmers, dealers, and 
manufacturers securing samples from 2367 lots of bagged 
and bulk fertilizers. Samples were obtained from fertilizers 
being offered for sale in every county in the state. Sampl
ing of bulk mixed fertilizers was intensified in 1958. Ap
proximately four hundred lots of bulk fertilizers of all 
kinds were sampled. 

Samples were made of every brand or grade of ferti
lizer found being offered for sale in the state. The num
ber of samples drawn for a company or of a grade was 
not necessarily proportionate to the tonnage sold, inas
much as an effort was made to secure a representative 

sampling from each company making any significant vol
ume of sales and to achieve more frequent sampling of 
those fertilizers most likely to be deficient. 

In addition to the routine inspection work, a study 
was made to gain information with regard to segregation 
in bulk blended fertilizers. The data collected, which were 
subsequently summarized and made available to the in
dustry, clearly demonstrated the importance of using 
only materials of similar particle size to reduce the tend
ency of dry blends to become segregated. 

Generally speaking the companies checked and 
audited revealed some negligence on the part of the dis
tributor to file all invoices showing sales on which ton
nage fees were due. 

The following summary pertains to the semiannual 
tonnage reports filed by the registered distributors for the 
period July 1, 1958 to December 31, 1958. 

(a) Number of registered distributors . .. . . . . .. 208 
(b) Number of registered distributors reporting 

0 tons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55 
(c) Number of registered distributors reporting 

5 tons or less . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 

Three companies failed to file a semiannual tonnage 
report for the period July 1 to December 31, 1958. We 
are now in the process of having their permits revoked, 
and a letter stating this fact will be sent to the other 
registered distributors. 

Also we are conducting a follow up memorandum 
program to those distributors who are delinquent in re-

• porting tonnage due two weeks after date of sale. We are 
forwarding a letter to each delinquent distributor asking 
him to state whether he has or has not made any Mis
souri sales for the period in which we have not received 
any invoices. 
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Computing Center 
C. L. Gregory, Superuisor 

Project 302-Statistical Service 

CECIL GREGORY, GLADYS D . SLINGER 

During the year February 1, 1958 to January 31, 1959 
the machine was operated a total of 25 31 hours on re
search projects and teaching assignments. These hours 
amount to somewhat more than the rental time paid for 
under our 40-hour per week contract. The Burroughs 
Corporation is aware of this over-use, and is not con
cerned that our use has been above the amount rented 
under the terms of the contract. The extra time has been 
built up by the use of a night shift that has operated 
most of the year. 

A detailed listing of the time on the machine accord
ing to projects and for whom the work was done is at
tached. It can be noted that 49 percent of the time was 
charged to Agricultural Experiment Station projects and 
about 33 percent was charged to departments in other 
divisions of the University. About 18 percent of the time 
was charged to teaching, demonstrations and debugging 
of general programs not chargeable to specific pieces of 
work. 

Expenditures during the year were as follows: 

Machine rental 
Salaries 
Telephone 
Supplies 
Total 

$10,200.00 
9,844.91 

120.00 
213.00 

$20,377.91 
The total of 2531 hours spent on the machine gives 

an hourly cost of about $8.00. This is somewhat less than 
the hourly cost reported last year because some of the 
basic programming had already been completed. 

At present there is a very considerable backlog of 
work. The problems now being brought to us for solu
tion seem to be longer and more complex than those dur
ing the first year. This may be a natural trend of events. 
As our research staff learns how quickly the machine dis
poses of the ordinary problem there may be a tendency 
to increase the amount and type of analysis. Eventually 
this should result in a higher order research for our sta
tion. 

We have recently equipped the computer with a 
punched card input mechanism. This will increase the 
rental costs slightly, but will make the machine much 
more efficient for many of the operations, and will take 
advantage of the fact that much of the data at the Uni
versity is already on punched cards. 

Agricultural Editors 
Richard l. lee, Chairman 

Project 1 74-Agricultural Information 

GAIL I. BANK, JEAN BRAND, DONALD N. COLLINS, 

CLYDE H . DuNCAN, MARGARET HowARD, 

PAUL H. GWIN, A. A. JEFFREY, RICHARD l. LEE, 

JOE VAN TRUMP 

Radio 
Thirty-eight stations used the tape recorded pro

grams. Two-page daily farm news script service was pro
vided all stations in the state. In addition, special record
ings on experimental field days and state conferences 
were made for many stations. Some 142 Extension Agents 
participated regularly in radio programs one oi more 
times per week during the year. 

Publications 
All manuscripts submitted by Experiment Station 

staff and approved for Station Publications were edited 
and processed. 
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News Releases, Periodicals, Special Publications 
Research data was processed and furnished to week

lies, dailies, farm magazines, and trade papers. Stories 
were provided to these papers and magazines through 
weekly issue of the Farm News Service, specials, and 
tips to staff writers of the various publications. In addi
tion, periodicals such as the monthly announcer and 
others, and special publications were edited and published. 

Television 
A new 15-minute daily farm TV show was started 

on KOMU March 31, 1958. This replaced the previous· 
series in which two 30-minute shows were presented 
weekly. Fifteen minutes of home economics was in
cluded weekly in both of these series. However, ho.me . 
economics was removed from the daily series on Septem
ber 4, 1958, and given a 14-minute weekly spot of its 
own. 



Station Publications 
July 1958 to June 1959 

Research Bulletins 

633D The Church in Rural Missouri-Part IV, Index of Re
ligious Group Action, by John S. Holik and Lawrence 
M. Hepple. January, 1959, 40 pages, 1500 copies. 

661 Resources and Levels of Income of Farm and Rural Non
farm Households, by Ronald Bird, Frank Miller, and 
Samuel C. Tu:ner. March, 1958, 72 pages, 1800 copies. 

662 Effects of Environmental Factors on Absorption of Radia
tion from a 100° F. Surface by Cold Plates, by C. N . 
Hinkle and R. E. Stewart. March, 1958, 24 pages, 1500 
copies. 

663 Calcium-Boron Interaction, by Robert L. Fox and 
William A. Albrecht, March, 1958, 16 pages, 1500 copies . 

664 Plans of Nutrition and Composition of Steers (Relation 
to Storage of Protein and Energy) , by W. S. Ritchie, S. 
S. Shirky, L. D. Haigh, and A. G. Hogan. March, 1958, 
32 pages, 1500 copies. 

665 Rural Social Areas in Missouri (An Analysis of the Soci
al Structures), zy Cecil L. Gregory, April, 1958, 72 pages, 
1500 copies. 

666 Genetic Aspects of Reproduction in Swine, by V. B. 
Reddy, J. F. Lasley, and D. T. Mayer. May, 1958, 36 
pages, 1500 copies. 

667 Hormonal Modification of the Intauterine Environment 
in Swine and Its Effect on Embryonic Viability, by V. B. 
Reddy, D. T. Mayer, and J. F. Lasley. September, 1958, 
32 pages, 1500 copies. 

668 Charges for Health Services Among Open-Country Peo
ple in a South Missouri Country, by Edward W. Hass
inger and Robert L. McNamara. June, 1958, 36 pages, 
1600 copies. 

669 Excess Manganese Nutrition of Ornamental Plants, by 
Ger~ld D. Coorts. July, 1958, 36 pages, 1600 copies. 

670 Rehef of Thermally-Induced Stress in Dairy Cattle by 
Radiation Cooling, by M. D. Shanklin and R . E. 
Stewart. July, 1958, 32 pages, 1500 copies. 

671 Solar Energy--A Summary of Records at Columbia, Miss
ouri, by James D. McQuigg and Wayne L. Decker. July, 
28 pages, 1500 copies. 

672 Physical Composition of Swine During Growth and Fat
tening, by S. E. Zobrisky, H . D. Naumann, J. F. Lasley, 
D. E. Brady, and A. M. Mullins. July, 1958, 72 pages, 
1500 copies. 

673 Reproductive Efficiency of Dairy Cattle as Influenced by 
Post-partum Breeding Interval and Gestation Number, 
by K. W. Bower and C. P. Merilan. July, 1958, 8 pages, 
1500 copies. · 

674A Missouri Dairy Markets-Part I, Northeast, by Gary 
E. Hanman and Stephen F. Whitted. July, 1958, 40 
pages, 1500 copies. 

674B Missouri Dairy ,Markes, Part II, Southeast, by E. Lin
wood Tipton and Stephen F. Whitted, July, 1958, 40 

. pages, 1500 copies. _. . 
675 Some Quality Factors of Pond Water in Selected Areas 

of Missouri, by T. 0. Hodges and M. D. Shanklin. Oc
tober, 1958, 12 pages, . .1660 copies. 

676 The Effect of Continued Testing Upon Consumer Evalu
ation of Beef Loin Steaks, by V. James Rhodes, Max F. 
Jordan, H. D. Naumann, Elmer R. Kiehl, and Margaret 
Mangel. September, 1958, 48 pages, 1500 copies. 

677 A New Approach to Measuring Consumer Acceptability 
of B~ef, by V. James Rhodes, H. D. Naumann, Elmer 
R. Kiehl, D. E. Brady, and Ruth H. Cook. September, 
1958, 32 pages, 1500 copies. 

678 Nicotinic Acid, Lysine and Troptophan as Supplements 
to Low-Protein Corn, by Osman N. Kocturk, Laura M. 
Flynn, Boyd L. O'Dell and Albert G. Hogan. October, 
1958, 16 pages, 1500 copies. 

679 Nicotinic Acid, Lysine, Tryptophan and Threonine as 
Supplements to High-Protein Corn, by George T. 
Gillespie, Laura M. Flynn, Boyd L. O 'Dell, Albert G. 
Hogan. September, 1958, 16 pages, 1500 copies. 

680 The Mozark Tomato, by Victor N. Lambeth. October, 
1958, 8 pages, 1500 copies. 

681 The Mosage Tomato, by Victory N. Lambeth. October, 
1958, 8 pages, 1500 copies. 

682 Field Tests of a Pond Water Treating System, by T. 0. 
Hodges, J. E. Edmondson, and M. D. Shanklin. October, 
1958, 28 pages, 1500 copies. 

683 Environmental Physiology and Shelter Engineering. 
XLIX. Effects of Constant Environmental Temperatures 
of 50° and 80° F. on the Feed and Water Consumption 
of Brahman, Santa Gertrudis, and Shorthorn Calves Dur
ing Growth, by H. D. Johnson, A. C. Ragsdale, and R. 
G. Yeck. November, 1958, 32 pages, 1800 copies. 

684 An Economic Analysis of Federal Regulation of the St. 
Louis Milk Marketing Area, by Roland W. Bit:tlett and 
Stephen F. Whitted. January, 1959, 84 pages, 1000 copies. 

685 Selling Mill-Run and Graded Oak Lumber, by W. J. 
O'Neil. January 1959, 16 pages, 1500 copies. 

686 Land Price Trends in Missouri, by W. D. Davis, Jr. and 
Frank Miller. January, 1959, 56 pages, 1500 copies. 

687 Influence of Daily Environmental Temperature Cycles on 
Composition of Cows' Milk, by C. P. Merilan and K. 
W . Bower. January, 1959, 12 pages, 1500 copies. 

688 Influence of Environmental Temperature Cycles on Vita
min Levels of Milk and Blood of Cows, by Ranjit Singh 
and C. P. Merilan. January, 1959, 28 pages, 1500 copies. 

689 Heritabilities and Heterosis of Some Economic Traits in 
Swine, by V. B. Reddy,J. F. Lasley, and L.. F. Tribble. 
February, 1959, 28 pages, 1500 copies. 

690 Effect of Biological and Therapeutical Agents Upon 
Brucella Titers in Cattle, by Cecil Elder and Donald E. 
Rodabaugh. February, 1959, 24 pages, 1500 copies. 

691 Essential Constituents of a Practical Ration for Baby 
Chicks, by A. G. Hogan and Robert .W. Craghead. 
February, 1959, 20 pages, 1500 copies. 

692 Precipitation and Runoff from Three Small Watersheds 
in the Missouri Ozarks, by R. Z. Whipkey and P. W. 
.Fletcher. April,1959, 28 pages, 1500 copies. 

693 'Economic, Social and Governmental Problems Encoun
tered in the Development of the Wappapello Flood 
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Control Area in Missouri, by Henry J. Meenen. May, 
1959, 88 pages, 1500 copies. 

694 Inheritance of Nipple Numbers in Swine and the Rela
tionship to Performance, A. D. Allen, L. F. Tribble, and 
). F. Lasley. April, 1959, 16 pages, 1500 copies. 

696 The Establishment and Management of Ladino Clover 
in Missouri, by 0. Hale Fletchall and E. Marion Brown. 
May, 1959, 80 pages, 1500 copies. 

697 The Experimental Induction of Growth of the Cow's 
Udder and the Initiation of Milk Secretion, by C. W . 
Turner. June, 1959, 36 pages, 2000 copies. 

698 Lindane Residue in the Fermentation and Processing of 
Pickles, Part II. Brining and Curing of Cucumbers. May, 
1959, 92 pages, 1500 copies. 

Station Publications 

709 Research in Forestry and Wood Products, by School of 
Forestry Staff. June, 1958, 58 pages, 3500 copies. 

710 Silage in Plastic Bags, by R. A. Bloomfield and M. E. 
Muhrer. June, 1958, 4 pages, 4500 copies. 

711 Missouri Fencing Laws, by Dr. Frank Miller and T. C. 
Porter. September, 1958, 8 pages, 3500 copies. 

712 Why the Early-Week Market?, by Agricultural Experi
ment Stations of Indiana, Illinois, Iowa, Kansas, Ken
tucky, Michigan, Minnesota, Missouri, Nebraska, South 
Dakota, North Dakota, Ohio, and Wisconsin. October, 
1958, 56 pages, 8200 copies. 

713 A Half Century with the Orr Family, by 0. R. Johnson: 
October, 1958, 36 pages, 3500 copies. 

714 The Grasshopper Your Sharecropper, by R. L. Shotwell. 
October, 1958, 16 pages, 3500 copies. 

715 Calibrate Your Sprayer to Save Money, Get Good Con
trol, by C. L. Day, Russell E. Larson, and M. R. Geb
hardt. October, 1958, 8 pages, 3500 copies. 

716 Missouri Commercial Fertilizer Inspection Analysis
January to June 30, 1958, by personnel of Fertilizer In
spection and Experiment Station Chemical Laboratories. 
October, 1958, 36 pages, 6500 copies. 

717 Confinement vs. Range Rearing for Egg Production, by 
Q. B. Kinder, A. B. Stephenson, and M. E. Yoes. No
vember, 1958, 8 pages, 3500 copies. 

718 Popcorn Culture in Missouri, by C. 0. Grogan, 0. V. 
Singleton, and M. S. Zuber. December, 1958, 8 pages , 
3500 copies. 

719 Marketing Christmas Trees in Missouri, by Lee K. Paul
sell and J. Milford Nichols. December, 1958, 24 pages, 
3300 copies. 

720 Missouri Hybrid Popcorn Yield Trials, by C. 0. Grogan 
and M. S. Zuber. January, 1959, 2 pages, 3500 copies. 

721 Missouri Hybrid Corn Yield Trials-1958, by 0 . V. 
Singleton, M. S. Zuber, and C. 0. Grogan. January, 1959, 
52 pages, 3900 copies. 

722 Sorghum Performance Trials in Missouri-1958. Febru
ary, 1959, 12 pages, 3500 copies. 

723 Boys' Cotton Flannel Shirts, by Adella E. Ginter and 
Charlotte Perry. March, 1959, 4 pages, 3500 copies. 

724 Missouri's Forest Laboratory, by Lee K. Paulsell. Sep
tember, 1959, 20 pages, 3500 copies. 

725 A New Idea in Fire Fighting, by). Milford Nichols and 
Lee K. Paulsell. February, 1959, 8 pages, 3500 copies. 

726 Southeast Missouri Agricultural Research, by Clyde 
Duncan. February, 1959, 48 pages, 3000 copies, 
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727 Missouri Hybrid Sweet Corn Yield Trials, by M. S. 
Zuber and C. 0 . Grogan. March, 1959, 2 pages, 3500 
copies. 

728 Wisdom's New Product-Today's Research, by Clyde 
Duncan. June, 1959, 120 pages, 2500 copies. Experiment 
Station Annual Report-1957-58. 

729 You Can Control Johnsongrass, by 0. Hale Fletchall, 
William J. Murphy and). Ross Fleetwood. May, 1959, 
16 pages, 3500 copies. 

730 Whole Wheat for Every Meal, by Cleta Rodgers and 
Leta G. Maharg. June, 1959, 20 pages, 3500 copies. 

731 Growing Good Oats in Missouri, by). M. Poehlman, 
Dale Sechler, and Carl Hayward. June, 1959, 16 pages , 
3500 copies. 

732 Macon Oats-A New Selection Adapted to Missouri, by 
). M. Poehlman, Dale Sechler, Charles Hayward, and 
Marvin Whitehead. July, 1959, 4 pages, 3500 copies. 

733 21st Annual Livestock Feeders Day, April 10, 1959, by 
J. E. Comfort and A. J. Dyer. April, 1959, 16 pages, 2500 
copies. 

734 An Explanation of Theory and Methods of Soil Testing, 
by E. R. Graham. July, 1959, 20 pages, 3500 copies. 

735 What's Happening to Rural Doctors and Health Facili
ties?, by Edward Hassinger and Robert L. McNamara. 
July, 1959, 8 pages, 3500 copies. 

736 Soil Conservation in Missouri, by M. F. Miller. July, 
1959, 24 pages, 3500 copies. 

737 Oak Paneling-Its Processing and Marketing, by Richard 
C. Smith, Lee K. Paulsell, and Lawrence Leney. July, 
1959, 32 pages, 6700 copies. 

Contributions To Scientific Journals 

1889 Hematology in the Vit. B12 Deficient Newborn Rat, by 
P. M. Newberene and B. L. O'Dell, School of Veteri
nary Medicine and Department of Agricultural Chemis
try respectively. Submitted July, 1958, for publication 
in the Proceedings of Experimental Biology and Medi
cine. 

1890 Seed Treatment of Cotton With Systemic Insecticides 
Alone and in Combination With a Fungicidal Treat
ment, by Perry L. Adkisson, Department of Entomolo
gy, University of Missouri. Submitted July, 1958, for 
publication in the Journal of Economic Entomology. 

1891 The Influence of Fertilizer Applications on Populations 
of the Cotton Bollworm, Heliothis Zae (Boddie), and 
Certain Insect Predators, by Perry L. Adkisson, Depart
ment of Entomology, University of Missouri. Submit
ted July, 1958, for publication in the Journal of Eco
nomic Entomology. 

1892 Changes in Thyroid P 31 Release Rate During Growth 
in Holstein, Brown Swiss, and Jersey Calves at Con
stant Environmental Temperature (50° and 80°F), by 
H. D. Johnson and A. C. Ragsdale, Department of 
Dairy Husbandry. Submitted July, 1958, for publication 
in the Journal of Dairy Science. 

1893 Post-Harvest Treatment to Control Strawberry Fruit 
Rot, by R. F. Becker, R. N. Goodman, and H. S. Gold
berg, Department of Horticulture, University of Mis
souri. Submitted July, 1958, for publication in the Plant 
Disease Reporter. 

1894 The Effect of Retail Store Environm~nt on the Physical 
Properties of Vanilla Ice Cream Sweetened with Liquid 



Sucrose and Corn Syrups, by W . H. E. Reid, and R. E. 
Hensley, Department of Dairy Husbandry, University 
of Missouri. Submitted August, 1958, for publication in 
the Proceedings of Fifteenth International Dairy Con
gress, June, 1959. 

1895 Evidence for the Existence of Mammogenic Hormone, 
by Henry C. Damm and Charles W . Turner, Depart
ment of Dairy Husbandry, University of Missouri. Sub
mitted August, 1958, for publication in the Proceedings 
of the Society of Experimental Biology and Medicines. 

1896 (Abstract) The Location of Mammae on the Sow in 
Relation to Suckling Preference of Pigs, by A. D. Allen 
and J. F. Lasley, Department of Animal Husbandry, 
University of Missouri. Submitted August, 1958, for 
publication in the American Society of Animal Produc
tion. 

1897 The Aneuploids of Common Wheat, by E. R. Sears, 
Crops Research Division, Agricultural Research Service, 
U. S. Department of Agriculture, and the Department 
of Field Crops, University of Missouri. Submitted Au
gust, 1958, for presentation at the International Wheat 
Symposium in Winnipeg, Canada, August 11-15. 

1898 (Abstract) Effect of Reserpine on Thyroid Secretion 
Rate, by Richard C. Moon and Charles W. Turner, De
partment of Dairy Husbandry, University of Missouri. 
Submitted August, 1958, for presentation at the Society 
of Animal Production Meeting in November. 

1899 Effect of Optimal Thyroxine Levels Upon Milk Secre
tion, by Clark E. Grosvenor and Charles W. Turner 
Department of Dairy Husbandry, University of Mis
souri. Submitted August, 1958, for presentation at the 
Society of Animal Production Meeting in November. 
(Abstract) 

1900 Influence of Optimal Hormone Levels Upon Intensity 
of Milk Secretion, by Charles W . Turner, and Clark E. 
Grosvenor, Department of Dairy Husbandry, Univer
sity of Missouri. Submitted August, 1958, for presenta
tion at the Society of Animal Production Meeting in 
November. 

1901 Relationship of Thyroxine Secretion Rate Versus Growth 
Rate, by B. N. Premachandra, G. W. Pipes, and C. W. 
Turner, Department of Dairy Husbandry, University of 
Missouri. Submitted August, 1958, for presentation at 
the Society of Animal Production Meeting in Novem
ber. (Abstract) ' 

1902 Effect of Heat Acclimation on Physiological and Bio
chemical Responses of Dairy Heifers to Various Tem
peratures (35°F-95°F), by T. H. Kamal, H. D. Johnson, 
and A. C. Ragsdale, Department of Dairy Husbandry, 
University of Missouri. Submitted August, 1958, for 
presentation at the annual meeting of the American 
Society of Animal Production, November 28-29. 

1903 Predicting Heat Tolerance From Calf Vaporization 
Rates, by R. G. Yeck and H. H. Kibler, Departments 
of Agricultural Engineering and Dairy Husbandry, Uni
versity of Missouri. Submitted August, 1958, for pres
entation at the annual meeting of the American Society 
of Animal Production, November 28-29.(Abstract) 

1904 (Abstract) Effects of Rising Environmental Temperature 
(35°-90°F) on Thyroxine P 3 1 Utilization of Young 
Dairy Calves, by H. D. Johnson and T. H. Kamal, De
partment of Dairy Husbandry, University of Missouri. 
Submitted August, 1958, for presentation at the annual 
meeting of the American Society of Animal Production, 

November 28-29. 
1905 Effect of Lactation Upon Thyroid Secretion Rate in the 

Rat, by Clark E. Grosvenor and Charles W . Turner, 
Department of Dairy Husbandry, University of Mis
souri Submitted August, 1958, for publication in the 
Proceedings of the Society for Experimental Biology 
and Medicine. 

1906 Extraction and Composition of Nucleic Acid from Cherry 
Leaves, by R. E. Brown and D. F. Millikan, Depart
ment of Horticulture, University of Missouri. Submitted 
August, 1958, for presentation at the Science Meetings 
in Bloomington, Indiana. 

1907 The Association of Tobacco Mosaic Virus with Chloro
plasts, by Milton Zaitlin and N. K. Boardman, Depart
ment of Horticulture, University of Missouri. Submitted 
August, 1958, for presentation at the Science Meetings 
in Bloomington, Indiana, August 28, 1958. 

1908 Pome Fruit Virus Investigation in the North Central 
Region, by D. F. Millikan, Department of Horticulture, 
University of Missouri. Submitted August, 1958, for 
presentation at the Science Meetings in Bloomington, 
Indiana, August 24, 1958. 

1909 (Abstract) The Effect of Sex and Stilbestrol on Growth, 
Feed Efficiency and Carcass Characteristics of Swine, 
by L. F. Tribble, G. L. Amick, J. F. Lasley, and S. E. 
Zobrisky, Department of Animal Husbandry, Univer
sity of Missouri. Submitted August, 1958, for publica
tion in the American Society of Animal Production. 

1910 (Abstract) The Effect of Condition on Reproduction in 
Swine, by B. T. Dean, V. B. Reddy, J. F. Lasley, and 
L. F. Tribble, Department of Animal Husbandry, Uni
versity of Missouri. Submitted August, 1958, for publi
cation in the American Society of Animal Production. 

1911 Establishing Air Pressure Patterns in Forced Air Dry
ing Systems by Numerical Methods, by D. B. Brooker, 
Department of Agricultural Engineering, University of 
Missouri. Submitted August, 1958, for publication by 
the Stran-Steel Company of Chicago. This paper was 
presented at the Sixth Annual Stran-Steel Farm Struc
tures Research Conference last December. 

1912 Extraction and Concentration of the Mammogenic Hor
mone by Henry C. Damm and Charles W. Turner, De
partment of Dairy Husbandry, University of Missouri. 
Submitted August, 1958, for publication in the Proceed
ings of the Society for Experimental Biology and Medi
cine. 

1913 Are New Criteria Needed for Making Agricultural 
Loans? by Dr. Frank Miller, Department of Agricul
tural Economics, University of Missouri . Submitted 
August, 1958, for presentation of the American Farm 
Economic Association Annual Meeting, Winnipeg, 
Canada, August 21. 

1914 A Comparison of Single-and Multiple-Stimulus Tech
niques for Visual Preference of Eggs, by Lloyd D. 
Bender, Department of Agricultural Economics, Uni
versity of Missouri. Submitted August, 1958, for pres
entation at the Annual Meeting of Farm Economics As
sociation, Winnipeg, Canada, August 21. 

1915 Recent Views on the Rennet Coagulation Process, by 
I. S. Verma and C. W . Gehrke, Department of Agri
cultural Engineering, University of Missouri. Submitted 
August, 1958, for publication in the Proceedings of the 
Fifteenth International Dairy Congress. 

1916 The Metabolites of Progesterone in the Urine of Preg-
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nant and Non-pregnant Sows and Their Physiological 
Significance, by Betty Glasgow, Anthony M. Gawienow
ski, and Dennis T. Mayer, Department of Agricultural 
Chemistry, University of Missouri. Submitted September, 
1958, for publication in the Journal of Endocrinology. 

1917 Effect of Growth Hormone Upon Thyroid Secretion 
Rate in the Rat, by Clark E. Grosvenor and Charles W. 
Turner, Department of Dairy Husbandry, University of 
Missouri. Submitted September, 1958, for publication 
in the Proceedings of the Society for Experimental 
Biology and Medicine. 

1918 Effect of Constant Environmental Temperatures, 50° 
and 80°F., on Appearance of Puberty in Beef Calves, by 
Homer E. Dale, A. C. Ragsdale, and C. S. Cheng, De
partments of Veterinary Physiology and Dairy Hus
bandry, University of Missouri, with technical assistance 
of G. T. Barrows, C. W. Grosse, ]. P. McGinnis, and 
P. L. Nicoletti. Submitted September, 1958, for publi
cation in the Journal of Dairy Science. 

1919 The Rotary in Combination with Herbicides for Weed 
Control in Soybeans, by Elroy ]. Peters, Dayton L. 
Klingman, and Russell E. Larson, Department of Field 
Crops, University of Missouri, Crops Research Division 
and Agricultural Engineering Research Division, U. S. 
Department of Agriculture. Submitted September, 1958, 
for publication in "Weeds." 

1920 The Effect of Clipping the Coat on the Thermoregula
tory Reactions of Dairy Heifers, by A. Berman and H. 
H. Kibler, Department of Dairy Husbandry, Univer
sity of Missouri. Submitted October, 1958, for publica
tion in "Nature." 

1921 Optimal Thyroid Hormone Levels and Lactation in the 
Rat, by Clark E. Grosvenor and Charles W. Turner, 
Department of Dairy Husbandry, University of Mis
souri. Submitted October, 1958, for publication in the 
Proceedings of the Society for Experimental Biology and 
Medicine. 

1922 Rent Theory and Rental Practice, by Frank Miller, De
partment of Agricultural Economics, University of Mis
souri. Submitted October, 1958, for publication in the 
Journal of the American Society of Farm Managers and 
Rural Appraisers. 

1923 Interaction of Insecticides and Fungicides on the Germi
nation of Stored Corn, by C. 0. Grogan and M. S. 
Zuber, Department of Field Crops, University of Mis
souri. Submitted October, 1958, for presentation at the 
Hybrid Corn Industry-Research Conference at Chicago, 
December 4-5, and also for publication in the "Proceed-
ings" of the meeting. · 

1924 (Abstract) Reaction of Own Rooted Trees of Spy 227 
and Virginia Crab to Infection with the Stem. Pitting 
Virus, by H . W . Guengerich and D. F. Millikan, De
partment of Horticulture, University of Missouri. Sub- . 
mitted October, 1958, for publication in the "Plant 
Disease Reporter." 

1925 Some Pomaceous Indicator Hosts for the Stem Pitting 
Virus of Apple, by D. F. Millikan and H. W. Guenge
rich, Department of Horticulture, University of Mis
souri. Submitted October, 1958, for publication in the 
"Plant Disease Reporter." (Abstract) 

1926 (Abstract) Tolerance of Some Hardy Apple Stocks to 
the Stem Pitting Virus of Apple, by D. F. Millikan and 
H. W . Guengerich, Department of Horticulture, Uni
versity.of Missouri. Submitted October, 1958, for pub-
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lication in the "Plant Disease Reporter." 
1927 Theory of Farm Land Values, by Dr. Fred E. Justus, Jr., 

Department of Agricultural Economics, University of 
Missouri. Submitted· October, 1958, for publication in 
the Missouri Realtor. 

1928 Do Consumers Grade Standards for Shell Eggs Reflect 
Consumers' Proferences for Interior Quality, by Lloyd 
D. Bender, Leonard A. Boss, and Owen ]. Cotterill, 
Departments of Agricultural Economics and Poultry 
Husbandry, University of Missouri. Submitted October, 
1958, for publication in Poultry Science Journal. 

1929 Distribution Records of Two American Species of Cis
sites (Coleoptera-Meloidae), by Wilbur R. Enns, De
partment of Entomology, University of Missouri. Sub
mitted October, 1958, for publication in the Coleop
terists' Bulletin. 

1930 (Abstract) Control of Persimmon (Diospyros virginiana 
L.) with 2,3,6-TBA and 2,4,5-T, by E. ]. Peters, H. D. 
Kerr, F. S. Davis, and D. L. Klingman, Department of 
Field Crops, University of Missouri. Submitted October, 
1958, for publication in the Research Report of the 1958 
North Central Weed Control Conference Report. 

1931 (Abstract) The Effects of Pre-emergence and Pre-plant 
Herbicides on Legumes, by E. ]. Peters and F. S. Davis, 
Department of Field Crops, University of Missouri. 
Submitted October, 1958, for publication in the Research 
Report of the 1958 North Central Weed Control Con
ference Report. 

1932 (Abstract) Pre-plant and Pre-emergence Treatments 
with EPTC for Weed Control in Red Clover and Birds
foot Trefoil, by E. ]. Peters and F. S. Davis, Depart
ment of Field Crops, University of Missouri. Submitted 
October, 1958, for publication in the Research Report 
of the 1958 North Central Weed Control Conference 
Report. 

1933 Water Intake Rates of Shelby-Grundy Soils from Hydro
graph Analyses, by V. C. Jamison and]. F. Thornton, 
Department of Soils, University of Missouri, and East
tern Soil and Water Conservation Research Branch, 
A. R. S., U. S. D. A. Submitted November, 1958, for 
publication in the ASAE Proceedings or in Agri-Cul
tural Engineering. 

1934 The Pelleting of Semi-Purified Rations, by W. H. Hast
rings and William C. Ellis, Department of Animal 
Husbandry, University of Missouri, and the Depart
ment of Flour & Feed Milling Industries, Kansas Agri
cultural Experiment Station. Submitted November, 
1958, for publication in The Feed Age. 

1935 Physical Composition of Swine During Growth and 
Fattening I. Ham Tissues and Carcass Measurements, by 
S. E. Zobrisky, H. D. Naumann, A. M. Mullins, D. 
E. Brady, and]. F. Lasley, Department of Animal Hus
bandry, University of Missouri. Submitted November, 
1958 for publication in the Journal of Animal Science. 

1936 (Absrract) The Incidence of the Ring Spot Virus 
in Peach Nursery and Orchard Trees, by D. F. Millikan, 
Department of Horticulture, University of Missouri. 
Submitted November, 1958, for publication in Plant 
Disease Reporter. 

1937 A Line of Maize with High Haploid Frequency, by Dr. 
E. H. Coe, Department of Field Crops, University of 
Missouri. Submitted November,- 1958, for publication 
in Science. 

1938 The Measurement and Reporting of pH Gradients in 



Filter Paper Electrophoresis, by Richard A. Hart and 
Wilbur R. Enns, Department of Entomology, Univer
sity of Missouri. Submitted November, 1958, for pub
lication in the Journal of Chromatography. 

1939 Theoretical Aspects of Radiation Cooling Using Cold 
Plates, by C. N. Hinkle and R. E. Stewart, Departments 
of Agricultural Engineering, South Dakota State Col
lege and University of Missouri. Submitted November, 
1958, for presentation at the Farm Structures Division, 

. Winter Meeting of the American Society of Agricul
tural Engineers, Chicago, Illinois, December 19, 1958. 

1940 Two New Species of Blister Beetles with an Additional 
New Designation (Coleoptera, Meloidae), by Wilbur 
R. Enns, Department of Entomology, University of 
Missouri. Submitted November, 1958, for publication 
in the Coleopterists Bulletin. 

1941 Benzoic Acids for Pre-Emergence Weed Control in 
Corn, by 0. Hale Fletchall and Ronald E. Talbert, De
partment of Field Crops, University of Missouri. Sub
mitted November, 1958, for presentation at the 
NCWCC. (Abstract) 

1942 Study of Growth in New Hampshire Chickens with 
Varying Thyroid Status, by B. N. Premachandra, G. W . 
Pipes and C. W . Turner, Department of Dairy Hus
bandry, University of Missouri. Submitted November, 
1958, for publication in Poultry Science. 

1943 Effect of Reserpine on Thyroid Activity in Rats, by 
Richard C. Moon and Charles W. Turner, Department 
of Dairy Husbandry, University of Missouri. Submitted 
November, 1958, for publication in the Proceedings of 
the Society for Experimental Biology and Medicine. 

1944 Neburon for Pre-emergency Weed Control in Grain 
Sorghums, by Ronald E. Talbert and 0. Hale Fletchall, 
Department of Field Crops, University of Missouri. 
Submitted November, 1958, for publication in the Pro
ceedings of the North Central Week Control Confer
ence. (Abstract) 

1945 Some Observed Pleiotropic Effects of High Amylose 
Genes in Maize, by M. S. Zuber, C. 0 . Grogan, V. L. 
Fergason, W. L. Deatherage, and M. M. MacMasters, 
Department of Field Crops, University of Missouri, and 
Crops Research Division and Northern Utilization Re
search and Development Division, A. R. S., U. S. D. A. 
Submitted December, 1958, for publication in the Jour
nal Cereal Chemistry. (Abstract) 

1946 Distribution and Selected Characteristics of Licensed 
Dentists in Missouri, by Edward Hassinger, Robert L. 
McNamara, and Ryland M. Ayres, Department of Rural 
Sociology, University of Missouri. Submitted December, 
1958, for publication in the Journal of the Missouri 
State Dental Association. 

1947 Thyroid Secretion Rate in the Common Pigeon and its 
Influence Upon Crop-Sac Response to Lactogenic Hor
mone, by Clark E. Grosvenor and Charles W. Turner, 
Department of Dairy Husbandry, University of Mis
souri. Submitted December, 1958, for publicaion in 

. Endocrinology. 
1948 Analysis of Weather Data Pertinent to Crop Drying, by 

D. B. Brooker and]. D. McQuigg, Departments of 
Agricultural Engineering and Soils, University of Mis
souri. Submitted December, 1958, for presentation at a 
research conference in Chicago on December 16, 1958. 

1949 (Abstract) Effect of Reserpine on Milk Let-Down, by 
Richard C. Moon and Charles W. Turner, Department 

of Dairy Husbandry, University of Missouri. Submitted 
December, 1958, for publicaion in the Proceedings of 
the American Societies for Experimental Biology. 

1950 Thyroid Activity and Assay of Lactogenic Hormon'e, by 
C. E. Grosvenor and C. W. Turner, Department of 
Dairy Husbandry, University of Missouri. Submitted 
December, 1958, for publication in the proceedings .of 
the Federation of American Societies for Experimental 
Biology. (Abstract) 

1951 Titration Curves and Turbidity of Whole Egg White, 
by 0. ]. Cotterill, F. A. Gardner, F. E. Cunningham 
and E. M. Funk. Department of Poultry Husbandry, 
University of Missouri. Submitted December, 1958, for 
publication in Poultry Science. 

1952 Micro-wave Heating for the Determination of Total 
Solids in Liquid Egg Products, by Owen ]. Cotterill, 
Department of Poultry Husbandry, University of Mis
souri. Submitted December, 1958, for publication in the 
News and Notes Section of Food Technology. 

1953 (Abstract) Effect of Environmental Temperature on the 
Relationship of Thyroid P 31 Release Rate and Energy 
Metabolism, by H. D. Johnson, H. H. Kibler, and A. 
C. Ragsdale, Department of Dairy Husbandry, Universi
ty of Missouri. Submitted December, 1958, for presen
tation at the annual meeting for the Federation ·of 
American Societies for Experimental Biology at Atlantic, 
New Jersey, April, 1959. 

1954 Effect of Fungicides and Insecticides on the Germina
tion of Stored Corn, by C. 0. Grogan, M. S. Zuber, H. 
E. Brown, M.D. Whitehead, and V. M. Stanway, De
partments of Field Crops and Entomology, University 
of Missouri. Submitted December, 1958, for publication 
in the Agronomy Journal. 

1955 Effect of Addition of Antioxidants to Frozen Ground 
Beef, by H. Mariel Caldwell, Mina Glidden, George G. 
Kelley, and Margaret Mangel, Department of Home 
Economics. Submitted December, 1958, for publication 
in the Journal of Food Technology. 

1956 The Metabolism of Glycerol by Bovine Spermatozoa, by 
B. W . Pickett and C. P. Merilan, Department of Dairy 
Husbandry, University of Missouri. Submitted January 
1959, for publication in the Journal of Dairy Science. 

1957 Appraisal of the Changing Livestock Marketing Struc
ture, by Elmer Kiehl, Department of Agricultural Eco
nomics, University of Missouri. Submitted January, 
1959, for publication in the Proceedings Publication of 
the 1958 National Marketing Service Workshop. 

1958 Pathology of Vitamin B12 Deficiency in Infant Rats, by 
P. M. Newbeme and B. L. O'Dell, Department of Agri
cultural Chemistry, University of Missouri. Submitted 
January, 1959, for publication in the Journal of Nutri
tion. 

1959 The effect of KN02 and KN03 on In Vitro Cellulose 
Digestion by Bovine Rumen Microorganisms, by V. H. 
Viebrock and C. P. Merilan, Department of Dairy 
Husbandry, University of Missouri. Submitted January, 

·. 1959, for publication in the Journal of Dairy Science. 
1960 A Regular and Continuing Conversion-Type Phenome

non at the B Locus in Maize, by E. H. Coe, Jr., U. S. 
Department of Agriculture and Department of Field 
Crops. Submitted January, 1959, for publication in the 

. Proceedings of the National Academy of Sciences. 
1961 Physical Composition of Swine During Growth and 

Fattening-H. The Relaionships Between the Ham 
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Tissues, the Carcass, and the Body, by S. E. Zobrisky, 
H. D. Naumann, D. E. Brady, and W. H. Pfander, De
partment of Animal Husbandry, University of Missouri. 
Submitted January, 1959, for publication in the Journal 
of Animal Science. 

1962 Effects of Potassium Nitrate on Bovine Semen Produc
tion and Various Spermatozoan Characteristics, by 
]. D. Sikes, Department of Dairy H)J.sbandry, Uni
versity of Missouri. Submitted January, 1959, for pub
lication in the Journal of Dairy Science. 

1963 (Abstract) A Comparison of the Intravenous and Sub
cutaneous Injections of Oxytocin in the Lactating Cow, 
by B. N. Premachandra, C. W. Pipes and R. von 
Berswordt-Wallrabe, Department of Dairy Husbandry, 
University of Missouri. Submitted January, 1959, for 
presentation at the meetings of the American Dairy 
Science Association. 

1964 Effect of Recurring Pregnancy on Mamary Gland 
Growth in Mice, by Hiroshi Wada and Charles W . 
Turner, Department of Dairy Husbandry, University of 
Missouri. Submitted January, 1959, for presentation at 
the meetings of the American Dairy Science Association. 

1965 (Abstract) Lactogenic Hormone Requirement for Milk 
Secretion, by Clark E. Grosvenor, Department of Dairy 
Husbandry, University of Missouri. Submitted January, 
1959, for presentation at the meetings of the American 
Dairy Science Association. 

1966 (Abstract) Experimental Mammary Gland Growth, by 
R. C. Moon, D. R. Griffith and C. W. Turner, Depart
ment of Dairy Husbandry, University of Missouri. Sub
mitted January, 1959, for presentation at the meetings 
of the American Dairy Science Association. 

1966 (Abstract) Experimental Mammary Gland Growth, by 
R. C. Moon, D. R. Griffith and C. W. Turner, Depart
ment of Dairy Husbandry, University of Missouri. Sub
mitted January, 1959, for presentation at the meetings 
of the American Dairy Science Association. 

1967 Sodium Pentachlqrophenate as an Ovicide for Control
ling Ascariasis in Swine, by G. C. Shelton, ]. M. 
Magner, and P. H. Santmyer, Department of Veterinary 
Bacteriology and Parasitology, School of Veterinary 
Medicine, University of Missouri. Submitted January, 
1959, for publication in the American Veterinary Medi
cal Association JournaL 

1968 Water Consumption in Dairy Cattle as Influenced by 
Environmental Temperatures and Urine Excretion, by 
Taymour H. Kamal, Harold D. Johnson, and A. C. 
Ragsdale, Department of Dairy Husbandry, University 
of Missouri. Submitted January, 1959, for presentation 
at the annual meeting of the American Dairy Science 
Association, June 16-17. (Abstract) 

1969 Effect of Recurring Pregnancy on Mammary Gland 
Growth in Mice, by Hiroshi Wada and Charles W . 
Turner, Department of Dairy Husbandry, University of 
Missouri. Submitted January, 1959, for publication in 
the Journal of Dairy Science. 

1970 The Interpretation of Production Economics Models 
Used in Cooperative Research with Physical Scientists, 
by John P. Doll and Robert D. Munson, Department 
of Agricultural &onomics, University of Missouri, and 
American Potash Institute, Inc. Submitted February, 
1959, for publication in the Journal of Farm Economics. 

1971 Further Results With Diazinon in Missouri, by Wilbur 
R. Enns, Department of Entomology, University of 
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Missouri. Submitted February, 1959, for publication in 
the American Fruit Grower. 

1972 An Undescribed Smut Disease of Soybeans, by Marvin 
D. Whitehead, M. ]. Thirumalachar and Oscar H . 
Calvert, Department of Field Crops. Submitted February, 
1959, for publication in Science. 

1973 The Effect of Rising Environmental Temperatures (35°-
95 °F) on Thyroid P 3 1 Release Rate of Holstein, Brown 
Swiss and Jersey Heifers, by H. D . Johnson and A. C. 
Ragsdale, Department of Dairy Husbandry, Univ~rsity 
of Missouri. Submitted February, 1959, for publication 
in the Journal of Dairy Science. 

1974 The Chemical Assay of Progesterone in Ovarian Tis
sues, by Anthony M. Gawienowski and Dennis T. 
Mayer, Department of Agricultural Chemistry, Univer
sity of Missouri. Submitted February, 1959, for publica
tion in the Journal of Biological Chemistry. 

1975 Observations on the Behavior of Meat Pigments in So
lutions, by Mina Glidden, Margaret Mangel, Kayta 
Singleton, and Marian Stone, Department of Home Eco
nomics, University of Missouri. Submitted February, 
1959, for publication in Food Research. 

1976 An Interpretation of Electrochemical Measurements on 
a Montmorillonite Clay, by K. B. Deshpande and C. E. 
Marshall, Department of Soils, University of Missouri. 
Submitted February, 1959, for publication in Journal of 
Physical Chemistry. 

1977 Exchange Equilibria in a Carboxylic Resin and in At
tapulgite Clay, by C. E. Marshall and G. Garcia, De
partments of Soils and Agricultural Chemistry, Uni
versity of Missouri. Submitted February, 1959, for pub
lication in the Journal of Physical Chemistry. 

1978 Credit and Midwest Agriculture, by Elmer R. Kiehl, 
Department of Agricultural Economics, University of 
Missouri. Submitted March, 1959, for publication in 
Bank News. 

1979 A Critque of Indices of Thyroid Gland Function, by 
C. W. Turner, G. W . Pipes and B. N. Premachandra, 
Department of Dairy Husbandry, University of Mis
souri. Submitted March, 1959, for presentation at the 
4th Conference on Radioisotopes in Agricultural at 
Oklahoma State University on April 2. 

1980 The Effects of an Amine and an Ester of 4-(2,4-DB) ·at 
Various Rates and with Dalapon on Yields and Stands 
of Seedling Legumes, by Elroy ]. Peters and Frank S. 
Davis, Department of Field Crops, University of Mis
souri. Submitted March, 1959, for publication in 
"Weeds". 

1981 Effect of Estrogen Upon Thyroxine Secretion Rate in 
Intact Female Rats, by Clark E. Grosvenor and Charles 
W. Turner, Department of Dairy Husbandry, Univer
sity of Missouri. Submitted March, 1959, for publica
tion in the Proceedings of the Society for Experimental 
Biology and Medicine. 

1982 Effect of Reserpine on Oxytocin and Lactogen Discharge 
in Lactating Rats, by Richard C. Moon and Charles W . 
Turner, Department of Dairy Husbandry, University of 
Missouri. Submitted March, 1959, for publication in 
the Proceedings of the Society for Experimental Biology 
and Medicine. 

1983 Thyroid Function of Mono- and Dizygous Cattle Twins, 
by B. N. Premachandra, G . W. Pipes, and C. W . 
Turner, Department of Dairy Husbandry, University 
of Missouri. Submitted March, 1959, for publication in 
the Journal of Dairy Science. 



1984 Effect of Relaxin on Mammary Gland Growth in Fe
male Mice, by Hiroshi Wada, Research Scholar, Minis
try of Education, Japanese Government and Medical 
Fellow of Population Council, and Charles W. Turner, 
Department of Dairy Husbandry, University of Mis
souri. Submitted March, 1959, for publication in the 
Proceedings of the Society for Experimental Biology 
and Medicine. 

1985 Frozen-Lima-Bean Medium for Phytophthora Sojae In
oculations and Culture Storage, by Oscar H. Calvert, 
Leonard F. Williams, and Marvin D. Whitehead, De
partment of Field Crops, University of Missouri. Sub
mitted March, 1959, for publication in the Plant Dis
ease Reporter. 

1986 Increasing the Demand for Farm Products by Improv
ing Quality to Meet Consumer Demand, by V. James 
Rhodes, Department of Agricultural Economics, Uni
versity of Missouri. Submitted April, 1959, for publica
tion in the Proceedings at the Agricultural Adjustment 
Center, Ames, Iowa. 

1987 Physiological Relationships of Soils to Forest Growth' 
Research Implementation, by R. E. McDermott and P. 
W. Fletcher, School of Forestry, University of Missouri. 
Submitted April, 1959, for presentation before the L.S.U. 
Symposium on Southern Forest Soils, Baton Rouge, 
Louisiana, April 9, 1959. 

1988 The Influence of Soil Management Practices, Moisture 
and Temperature Upon Moisture Intake by Mexico 
Silt Loan, by V. C. Jamison and]. F. Thornton, Depart
ment of Soils, University of Missouri. Submitted April, 
1959, for publication in the Proceedings of the Soil 
Science Society of America. (Abstract) 

1989 Available Waterholding Capacity of a Terraced Clay
pan Soil, by E. M. Kroth, Soil and Water Conservation 
Research Branch, and V. C. Jamison, Department of 
Soils, University of Missouri. Submitted April, 1959, 
for publication in the soil Science Society of America 
Proceedings. 

1990 Factors Affecting the Estimation of the Available Water 
Capacity of Mexico Silt Loan, by E. M. Kroth, Soil and 
Water Conservation Research Branch, and V. C. Jami
son, Department of Soils, University of Missouri. Sub
mitted April, 1959, for publication in the Soil Science 
Society of America Proceedings. (Abstract) 

1991 The Biological Half-Life of L-Thyroxine and L-Triiodo
thyronine in the Blood of the Dairy Cow, by G. W. 
Pipes, B. N. Premachandra and C. W. Turner, Depart
ment of Dairy Husbandry, University of Missouri. Sub
mitted April, 1959, for publication in the Journal of 
Dairy Science. 

1992 Helminthospodum Rostratum Ear Rot of Cor~ and 
Leaf-Spot of Thirteen Grass Hosts, by Marvm . D. 
Whitehead and Oscar H. Calvert, Department of Field 
Crops, University of Missouri. Submitted April, 1959, 
for publication in Plant Disease Reporter. 

1993 Laboratory and Field Studies of the Canopy Inlet Tube 
Structure, by R. P. Beasley, L. D. Meyer, E: T. Smerdo~, 
University of Missouri Department of Agnculture Engi
neering, Agricultural Engineer (ARS) USDA, ~afayett~, 
Indiana, and Instructor in Agricultural Engineenng, Um
versity of Missouri. Submitted April, 1959, for presenta
tion at the 52nd Annual Meeting of the America 
Society of Agricultural Engineers at Cornell University, 
Ithaca, New York, June, 1959 .. 

1994 The Allocation of Limited Quantides of Variable Re
sources Among Competing Farm Enterprises, oy John 
P. Doll, Department of Agricultural Economics, Uni
versity of Missouri. Submitted May, 1959, for publica
tion in the Journal of Farm Economics. 

1995 Results of Deep Fertilization and Subsoiling Tests on 
a Claypan Soil, by V. C. Jamison, Department of Soils, 
University of Missouri, and]. F. Thornton, Soil Scientist 
and Agricultural Engineer, Department of Agricultural 
Engineering, University of Missouri. Submitted May, 
1959, for publication in the Proceedings, Soil Science 
Society of America. (Abstract) 

1996 Some Factors Influencing the Uniformity and Stability 
of Color in Cured Hams, by E. H. Rongey, Department of 
Animal Husbandry, Michigan State University, East 
Lansing, Michigan, 0. J. Kahlenberg_ and H. D. Nau
mann, Departments ot Poultry Husbandry and Animal 
Husbandry, University of Missouri. Submitted May, 
1959, for presentation at the Nineteenth Annual Meet
ing of the Institute of Food Technologists, May 17-21, 
1959, Philadelphia, Pennsylvania. 

1997 Comparative Effectiveness of Lechithins from Various 
Sources on Survival of Bovine Spermatozoa During 
Storage, by Lowell D. Miller and Dennis T. Mayer, De
partment of Agricultural Chemistry, University of Mis
souri. Submitted May, 1959, for publication in the Jour
nal of Dairy Science. 

1998 The Technological Treadmill and Livestock Production 
Systems, by Elmer R. Kiehl, Department of Agricul
tural Economics, University of Missouri. Submitted 
May, 1959, for publication in the Iowa Veterinary 
Medical Journal. 

1999 Reserpine and Thyroid Activity in Chickens, by B. N. 
Premachandra, G. W . Pipes, and C. W. Turner, De
partment of Dairy Husbandry, University of Missouri. 
Submitted May, 1959, for presentation at the Poultry 
Science Association Meeting. 

2000 The Variability of Consumer Preferences, by V. James 
Rhodes, Department of Agricultural Economics, r_:ni
versity of Missouri. Submitted May, 1959, for pubhca
tion in the Journal of Farm Economics. 

2001 An Ecological Study of the Pathogenicity of Diplodia 
Zeae Isolates Causing Stalk Rot of corn, by H. C. 
Young, Roy D. Wilcoxson, Marvin D. Whitehead, 
]. E. DeVay, C. 0. Grogan, and M. S. Zuber, Depart
ment of Plant Pathology and Botany, Oklahoma State 
University, and Minnesota, and the Department of Plant 
Pathology, University of California. Submitted May, 1959, 
for publication in Phytopath. 

2002 Efficacy of Oxytetracychne for Aging Beef, by R. B. 
Sleeth and H. D. Naumann, Food Processing Labora
tories, Department of Animal Husbandry, 'l!ni':ersi~ 
of Missouri. Submitted May, 1959, for pubhcat10n m 
the Food Technology Journal. 

2003 Determination of Tyrosine, Phenylalanine and the 
Basic Amino Acids, by JohnS. Baumstark and Merle 
E. Muhrer, Department of Agricultural Chemistry, r_:ni
versity of Missouri. Submitted May, 1959, for pubhca
tion in the Archives of Biochemistry. 

2004 Amino Acid Composition of Streptococci Isolated from 
the Rumen of Sheep, by John S. Baumstark ~d Merl_e 
E. Muhrer, Department of Agricultural Chemistry, r_:ru
versity of Missouri. Submitted May, 1959, for pubhca
tion in the Archives of Biochemistry. 
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2005 Soil Moisture Survey of Some Representative Missouri 
Soil Types, by E. M. Kroth, V. C. Jamison and H. E. 
Grogger, Department of Soils , University of Missouri , 
and the Agricultural Research Service and the Soil Con
servation Service of the United States Department of 
Agriculture, Columbia, Missouri. Submitted May, 1959, 
for publication in the ARS 41 Series of the Agricultural 
Research Service. 

2006 Changing Patterns in Production and Consumption of 
Animal Products , by Elmer R. Kiehl, Department of 
Agricultural Economics, University of Missouri . Sub
mitted May, 1959, for publication in the Proceedings, 
Ninth National Institute of Animal Agriculture. 

2007 Normal and Experimental Growth of Rat Mammary 
Gland, by R. C. Moon, D. R. Griffith, and C. W. 
Turner, Department of Dairy Husbandry, University of 
Missouri. 

2008 An electrically Operated Micro Dispenser, by Jerome 
Brezner, Department of Entomology, University of 
Missouri. Submitted May, 1959, for publication in the 
Proceedings of the Society for Experimental Biology and 
Medicine. 

2009 Alternating Temperatures of 20° - 30°C. vs. 20° - 35°C. 
Germination of Sorghum Vulgare Pres., by Viola Stan
way, Department of Field Crops, University of Mis
souri . Submitted May, 1959, for publication in the Pro
ceedings of the Association of Official Seed Analysts. 

2010 Spectrophotometric Method for Direct Available P20~, 
in Fertilizers, by Dr. Charles W . Gehrke and Mr. Frank 
J. Johnson, Department of Agricultural Chemistry, 
University of Missouri. Submitted May, 1959, for pub
lication in the Journal of AOAC. 

2011 Complexometric Titration of Calcium and Magnesium 
in the Presence of Phosphate in Milk and Blood Plasma, 
by T. H. Kamal, Department of Dairy Husbandry, 
University of Missouri. Submitted June, 1958, for pub
lication in Analytical Chemistry. 

2012 Lactogenic Hormone Requirements for Milk Secretion 
in Intact Lactating Rats, by Clark E. Grosvenor and 
Charles W . Turner, Department of Dairy Husbandry, 
University of Missouri. Submitted for publication in 
the Proceedings of the Society for Experimental Biology 

and Medicine. 
2013 Variations in the Net Exchange of Radiation from 

Vegetation of Different Heights, by Wayne L. Decker, 
Department of Soils, University of Missouri. Submitted 
June, 1959, for publication in the Journal of Geo
graphic Physical Research. 

2014 Analysis of Weather Data Pertinent to Grain Drying, 
by D. B. Brooker and ]. D. McQuigg, Departments of 
Agricultural Engineering and Soils, University of Mis
souri . Submitted June, 1959, for presentation at the 
52nd Annual Meeting of the American Society of Agri
cultural Engineers at Cornell University, Ithaca, New 
York. 

2015 The Isolati on of Tobacco Leaf Cells Capable of Sup
porting Virus Multiplication, by Milton Zaitlin, De
partment of Horticulture, University of Missouri. Sub
mitted June, 1959, for publication in Natu re. 

2016 Milk Producti on in So ws, by A. D . Allen and J. F. 
Lasley, D epartments of Veterinary Ph ysiol ogy and 
Pharmacology, School of Veterinary Medicine, and Ani
mal Husbandry. Submitted June, 1959, for publication 
in the J ournal of Animal Sciences. 

2017 The Effect of Season and Age of Bird-!. On Egg Size, 
Quality and Yield, by F. E. Cunningham, 0. J. Cot
terill and E. M. Funk, Department of Poultry, Univer
sity of Missouri. Submitted June, 1959, for publication 
in the Poultry Science Publication. 

2018 The Effect of Season and Age of Bird -II. On the 
Chemical Composition of Egg White, by F. E. Cun
ningham, 0 . J. Cotterill and E. M. Funk, Department 
of Poultry Husbandry, University of Missouri. Sub
mitted June, 1959, for publication in Poultry Science. 

2019 The Isolation of Some Cellular Constituents of Bovine 
Spermatozoa, by Robert E. Berry and Dennis T. Mayer, 
Department of Agricultural Chemistry, University of 
Missouri . Submitted June, 1959, for publication in the 
Journal of Experimnetal Cell Research. 

2020 The Histone-Like Basic Protein of Bovine Spermatozoa, 
by Robert E. Berry and Dennis T. Mayer, Department 
of Agricultural Chemistry, University of Missouri. Sub
mitted June, 1959, for publication in the Journal of 
Experimental Cell Research. 

Research Grants 
For the year ending June 30, 1959 

U. S. Public Health Service 
Study of the chemistry and physiology of spermatozoa 
and ova. 

U. S. Public Health Service 
Endocrine control of mammary gland growth and func
tion. 

U. S. Public Health Service 
To provide supplies for Dr. Newberne 

U. S. Public Health Service 
To provide supplies for Dr. Grosvenor 

U. S. Public Health Service 
Grant for Dr. Richard C. Moon, postdocrorate fellow. 
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U. S. Public Health Service 
Study of the biochemical and physiological functions of 
vitmain B1 2 in maternal nutrition and in the aging pro
cess of the rat. 

U. S. Public Health Service 
Study the role of hormones in mammary gland growth, 
milk secretion, and milk removal. 

U . S. Public Health Service 
Study selected environmental and human factors as
sociated with incidence of farm accidents in Missouri. 

U. S. Public Health Service 
The effect of the ambient temperature on rate of aging 



in rats (including growth phase). 
Hales and Hunter Company 

To promote graduate study in the field of livestock and 
poultry nutrition. 

Upjohn Company 
Further studies on acti-cione to control horticultural crop 
diseases. · 

Upjohn Company 
Study of cotton seedling diseases and their control by 
seed treatment and in the furrow fungicides. 

Upjohn Company 
Evaluation of new chemicals for the control of crabgrass 
and other lawn seeds. 

Upjohn Company 
Evaluation of fungicides. 

Missouri Farmers Association 
To further the development of hybrid seed corn. 

M.F.A. Oil Company 
Research leading to more efficient and effective methods 
of weed control. 

M.F.A. Dairy Breeders Association 
Investigate methods of storing boar semen. Improve 
methods of insemination of swine. 

National Livestock and Meat Board 
To study "stress' in the marketing of livestock. 

Swift and Company 
Study of the kinds, amounts, and balance of minerals for 
feeding. 

Swift and Company 
Studies on influence of soil composition and treatment 
on the composition of forages and the resulting develop
ment of animals. 

Swift and Company 
Compare high and low moisture corn, levels of hexestrol 
for implanting lambs and physical forms of lamb rations. 

Cryovac Company 
For studies concerning feasibility aspects as they apply 
to grade, fabrication , freezing technology, and packaging. 

American Angus Breeders Association 
Tests for the detection of carriers of dwarf genes. 

Leon Falk Family Trust 
Physiological causes of dwarfism in cattle and identifica
tion of causative gene. 

Haver-Lockhart Laboratories 
Nutrients necessary for hemoglobin formation in pigs . 

Chas. Pfizer and Company, Inc. 
Oxytetra cycline will be injected in live animals, or in
fused in carcasses so that spoilage will be reduced. High 
temperature aging and commercial handling will be used 
in conjunction with the use of the antibiotic. 

Chas. Pfizer and Company, Inc. 
Determine the efficacy of certain anthelmintics. Studies 
will concern both the parasite and the animal hosts. 

American Cyanamid Company 
To determine the value of aureomycin in creep rations 
for suckling lambs. 

American Cyanamid Company 
Chemical control of Hessian fly on wheat ·and also of 
pea and spotted alfalfa aphids on alfalfa and nematodes 
on soybeans and cotton. · 

American Cyanamid Company 
Herbicidal activity of amino triazole on certain woody 
species of weeds. 

American Cyanamid Company 
Study amino-triazole for weed control in orchards. 

American Cyanamid Company 
Control of Nantucket Tip Moth using systemic insecti
cides , the application of successful techniques to be ex
tended to other forest insect pests. 

American Cyanamid Company 
Investigations involving fungicides for the control of 
apple and grape diseases. 

Vitamins, Inc. 
The determination of factors necessary for succesful ru
men inoculation at times of major ration changes. 

Columbian Hog and Cattle Powder Company 
Study bacterial enzyme action in lactation. 

American Cancer Society, Inc. 
Study of growth and function of the mammary gland with 
special reference to the enzymes of the gland. 

Atomic Energy Commission 
Study of the inheritance of productive processes in do
mestic animals by endocrine methods using radio-isotopes 
as tracers. 

National Science Foundation 
Study nutritional requirements of the guinea pig. 

National Science Foundation 
Cytogenetic studies with polyploid species of wheat. 

National Science Foundation 
To study the genetic control of anthocyanin synthesis in 
maize using plant observations and tissue culture tech
niques. 

National Science Foundation 
Construction of an animal calorimeter for determination 
of heat loses by radiation, conduction, convecti.on, and 
evaporation. 

National Science Foundation 
A study of the mutational behavior of some especially 
well suited mutable alleles for the purpose of learning more 
about the gene. 

National Science Foundation 
To develop a simple, rapid, and accurate gas chromato
graphic method for the determination of amino acids and 
to apply the method in a study of milk and plasma. 

Shell Chemical Corporation 
Study effect of chemicals applied to soil for the control 
of nematodes of cotton, soybeans, and garden crops. 

U. S. Forest Service 
To study carpenterworms. 

U. S. Forest Service 
Silviculcural studies in bottomland hardwoods. 

U. S. Forest Service 
Evaluate amount of water available to trees growing on 
stony soils. 

U. S. Forest Service 
To determine the part that forest litter plays in the inter
ception of precipitation. 

U. S. Forest Service 
To determine the maturation process of staminate strobili 
in relation to pollen vigor for various pine species. 
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U.S. Forest Service 
To investigate morphological and cultural variation in 
the oak wilt organism. 

Missouri Conservation Comission 
Investigation of the systematics and biology of the in
sects which attack acorns in Missouri with emphasis on 
the nut curculios or weevils. 

Missouri Conservation Commission 
Further forestry research. 

Velsicol Corporation 
Study the biology, parasites, and chemical control of 
European Corn Borer and the importance of the pest in 
Missouri. 

Missouri Farm Electric Utilization Council 
Study uses of electricity in productive enterprises on 
typical Missouri farms. 

John Deere Ottumwa Works 
Cost of operation of a #15 chopper and 14T baler. 

National Association of Artificial Breeders 
Increasing the effectiveness of artificial insemination as 
a means of improving dairy cattle with special reference 
to physical and chemical effects of dehydration on bovine 
spermatozoa. 

Moorman Manufacturing Company 
To determine factors that affect ruminant uses of forages, 
especially pastures. 

Housing and Home Finance Agency 
To determine the lending policies of the lenders engaged 
in home improvement and construction. To determine 
the needs, desires, and practices of rural residents with 
respect to their use of housing credit. 

Geigy Chemical 
Study action of various herbicides on weeds and crops. 

National Soybean Processor's Association 
Expand research leading to new disease resistant varieties 
of soybeans for Missouri conditions. · 

Quaker Oats Company 
Develop a white corn hybrid especially suited to the 
milling trade. 

Robert Cummings-California Spray Chemical 
Corporation 

Test in-the-furrow fungicides. 
California Spray Chemical Corporation 

To build a seed treatment machine. 
Dannen Mills, Inc. 

Improvement of soybean crop in Missouri. 
Amchem Products Inc. 

Help with purchase of equipment for weed control work 
Com Industries Research Foundation 

Development of high amylose com. 
E. I. Dupont DeNemours and Company 

Determine the nitrate content of willows and to its re
sponse to fertilizer and herbicides. 

VioBin Corporation 
Systematic study of effectiveness of various enzyme prepa-
rations in the tenderization of meat. · 

Missouri Nursery 
To aid in payment to Dr. Posnette of England fot trip 
and advice. 

Missouri State Florists' Association 
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Study the factors affecting market demand for flowers 
and floral products. 

Missouri State Department of Agriculture 
Indexing tree fruits for virus diseases. 

Welch Grape Juice Company 
Culture of Grapes. 

Gordon Johnson 
To further poultry processing-Mechanical de-boning. 

Kraft Foods Company 
Effects of chemical additives in altering the functional 
properties of egg whites. 

Armour Laboratories 
To determine the nature of the biological activity of cer
tain animal by-products. 

Armour Pharmaceutical Company 
Nutritional requirements of the chick for amino acids 
and unrecognized growth factors and to determine the 
nature of the biological activity of certain animal by
products. 

Armour and Company 
Improving consumer acceptability of meats. Current 
emphasis on determination of alternate means of identify
ing tenderness. 

St. Louis National Stock Yarks Company 
Kansas City Stock Yards Company 
St. Joseph Stock Yards Company 

To determine effiiciency of ultrasonic methods of evalua
tion of live swine; to determine relationship of ultrasonic 
evaluation to carcass grade and to criteria of consumer 
preferences. 

Missouri Turkey Federation 
Isolate causative agents and to reproduce disease in birds. 

National Turkey Federation 
Investigation of diluents for turkey semen. 

American Farm Research Association 
To study chlorides in the soil and the nutrition of plants. 

American Potash Institute, Inc. 
Study ratio of mineral nutrients in the soil as they influ
ence organic composition. 

American Petroleum Institute 
Comparison of different electro-chemical methods of 
studying the dissociation of cations from clays. 

Phillips Petroleum Company 
Study retention of anhydrous ammonia in the soil. 

U. S. Department of Commerce Weather Bureau 
Characterizing drought from climatological data. 

U. S. Department of Commerce Weather Bureau 
Relate measurements of total solar radiation, net radia· 
tion over representative soil, and crop surfaces, tempera
ture, wind movement, humidity and precipiation to esti
mated and measured evapotranspiration from various 
eropped and fallow soils. 

International Minerals and Chemical Corporation 
Maintenance and improvement of fertility level of Mis
souri soils. 

Cross Foundation, Inc. 
Study trace elements in soils in connection with protein 
production by plants. 

Allied Chemical and Dye Corporation 
Soil reactions to different forms of nitrogen and measure-



ment of nitrogen losses under different conditions. 
Olin Mathieson Chemical Corporation 

Solubilities of different kinds and amounts of phosphatic 
fertilizers in the soil and plant responses to these. 

Commercial Solvents Corporation 
To study the use of chemical nitrogen in influencing the 
nutrition and production of soybeans. 

Foundation for Research on Human Behavior 
To determine TV coverage in rural areas. 

Union Electric Company 
Analysis of data relative to dynamics of action. To learn 
the principles underlying small community behavior. 

). C. Penney 
In support of Foremost Guernsey Farm. 

U. S. Department of Agriculture, Marketing Adminis
tration, Greater Kansas City 
Isolate and describe factors responsible for changes in 
the supply of milk in Kansas City and to provide an 
estimate of future changes. 

U. S. Department of Agriculture, Animal Husbandry 
Research Division 
To conduct poultry breeding investigations, particularly 
genetic studies to compare the rate of improvement ob
tained from several different methods of breeding for the 
same performance characters. 

U. S. Department of Agriculture, Animal Husbandry 
Research Division 
To study the effects of selection for low back-fat thick
ness on various performance traits and carcass desirability 
in swine. 

U. S. Department of Agriculture, Crops Research Divi
sion 
Improvement of crops and pastures. 

Norden Laboratories 
To determine the efficiency of Otrhomin in the treat-

ment of animal diseases caused by certain bacteria, more 
specificially porcine and bovine enteritis. 

Monsanto Chemical Company 
Efficiency of certain chemical formulations in destroying 
soil phases of common internal parasites of domestic ani
mals and poultry. 

Monsanto Chemical Company 
Benefits to swine which may be derived from chemical 
treatment of the soil for destruction of soil phases of 
internal parasites. 

Hess and Clark 
A study of the effectiveness of various therapeutic agents. 

Ciba Pharmaceutical Products, Inc. 
To determine the effect of continued oral administration 
of reserpine (Serpasil) on certain glands and extra cellu
lar fluids of ewe lambs. 

Mark L. Morris Animal Eoundation 
Comparison of the duration of proestrum and estrum in 
normal untreated bitches with the duration of these peri
ods in normal bitches that have been treated with hor
mones. 

Herman Frasch Foundation 
Study of physiology and inactivation of plant virus dis
eases. 

National Project in Agricultural Communications 
Abstracting literature pertinent to this field and prepar
ing summary of same. 

National Dairy Products Corporation 
To study the mode of action of chemical additives in 
altering the functional properties of egg white. 

Alabama Polytechnic Institute 
To determine the lending policies of lenders engaged in 
home improvement and construction. To determine the 
needs, desires, and practice of rural residents with respect 
to their use of housing credit. 

Changes in Station Staff 
For the year ending June 30, 1959 

Appointments 

Ralph R. Anderson, Assistant in Dairy Husbandry 
Milton E. Bailey, Assistant Professor of Animal Husbandry 
Methodius ]. Bartek, Assistant in Agricultural Chemistry 
Billy M. Beal, Assistant in Agricultural Director's Office 
Abner M. Beck, Fertilizer Inspector 
Wilton Curtis Bennett, Assistant in Agricultural Economics 
Maxine Blickenstaff, Assistant in Home Economics 
Marion Francis Brink, Assistant in Home Economics 
James 0. Butcher, Assistant in Animal Husbandry 
Johnny R. Campbell, Assistant in Dairy Husbandry 
Rex R. Campbell, Assistant in Rural Sociology 
Donald Chab, Assistant in Spectrographic Laboratory 
Wayne S. Colburn, Assistant in Agricultural Economics 
Robert ]. Crabtree, Assistant in Soils 
Billy Neil Day, Assistant Professor Animal Husbandry 

Donald L. Day, Assistant in Agricultural Engineering 
John P. Doll, Assistant Professor of Agricultural Economics 
Alvin Donoho, Assistant in Agricultural Chemistry 
James E. Fontenot, Assistant in Horticulture 
Mahmoud Saad Soliman Gadalla, Assistant in Rural Sociology 
M. Mason Gaffney, Associate Professor of Agricultural 

Economics 
Howard E. Ganther, Assistant in Agricultural Chemistry 
Roger E. Garrett, Assistant in Agricultural Engineering 
Helen P. Godbey, Assistant in Agricultural Chemistry 
Donald F. Goerlitz, Assistant in Experiment Station 

Chemical Laboratory 
Detroy Green, Assistant in Field Crops 
John Otis Grace, Assistant in Agricultural Economics 
Byron Jon Greiman, Assistant in Animal Husbandry 
William A. Hargus, Assistant in Animal Husbandry 
Mary Ann Hough, Assistant in Home Economics 
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Glen E. Huskey, Assistant in Dairy Husbandry 
Miriam Patricia Morton Irons, Assistant in Home Economics 
Taymour H. Kamal, Assistant in Dairy Husbandry 
Bill Franklin Kelso, Assistant in Dairy Husbandry 
Samuel Roy Koirtyohann, Instructor in Agricultural 

Chemistry 
Bernice M. Korschgen, Assistant in Home Economics 
Mary Ann Lindsey, Assistant in Home Economics 
John B. Lower, Assistant in Horticulture 
Willis W . Marshall, Assistant in Rural Sociology 
Jimmy Lee Matthews, Assistant in Agricultural Economics 
John David Mikulcik, Assistant in Soils 
Richard C. Moon, Research Associate in Dairy Husbandry 
Larry S. Murphy, Assistant in Soils 
Alexander Charles McBride, Assistant in Field Crops 
Helen F. McHugh, Assistant in Agricultural Economics 
Jo Ellen McKay, Assistant in Home Economics 
Dale P. Nabb, Assistant in Agricultural Chemistry 
Walter Nowotny, Assistant in Agricultural Research 
Robert Gene Park, Assistant in Research (Spectrographic) 
Donald Oberleas, Assistant in Agricultural Chemistry 
Donald Lynn Pfost, Assistant in Agricultural Engineering 
John C. Rea, Assistant in Animal Husbandry 
Robert George Rice, Assistant in Poultry Husbandry 
Curtis W. Richardson, Assistant in Dairy Husbandry 
Russell Allen Ryker, Assistant in Forestry 
Donna S. Swall, Instructor in Home Economics 
Ronald Earl Taven, Assistant Professor of Horticulture 
Mana Peacock Taylor, Instructor in Home Economics 
John P. Thomas, Instructor in Field Crops 
Glen A. Thompson, Research Associate in Agricultural 

Engineering 
Howard W . Utter, Assistant in Agricultural Economics 
Vernon H. Viebrock, Assistant in Dairy Husbandry 
John D. Volk, Assistant in Animal Husbandry 
Hiroshi Wada, Research Associate in Dairy Husbandry 
Ralph Williams, Research Assistant in Dairy Husbandry 
Caroline E. Wingo, Associate Professor of Home Economics 
Milton Zaitlin, Assistant Professor of Horticulture 

Resignations 

Cecelia T. Alegarbes, Instructor in Home Economics 
Lloyd D. Bender, Instructor in Agricultural Economics 
Myron D. Bennett, Assistant in Animal Husbandry 
Wilton C. Bennett, Assistant in Agricultural Economics 
James B. Boillot, Assistant in Animal Husbandry 
Virginia Ruth Bird, Assistant in Home Economics 
Claude R. Bradsher, Assistant in Agricultural Economics 
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Jerome Brezner, Assistant in Entomology 
Charles R. Burlison, Assistant in Agricultural Economics 
James 0. Butcher, Assistant in Animal Husbandry 
George S. Carter, Assistant in Soils 
Gerald D. Coorts, Assistant in Horticulture 
Donald L. Day, Assistant in Agricultural Engineering 
Paul D. Doak, Assistant in Agricultural Economics 
Ralph Franklin, Assistant in Agricultural Economics 
Peter W . Fletcher, Professor of Forestry 
Charles W . Foley, Instructor in Animal Husbandry 
Kawsar El Ghrmrwy, Assistant in Home Economics 
John 0. Grace, Assistant in Agricultural Economics 
Clark E. Grosvenor, Research Associate in Dairy Husbandry 
Gale C. Hankins, Assistant in Agricultural Economics 
Delmar E. Hatesohl, Assistant in Agricultural Economics 
Gerald V. Hook, Assistant in Agricultural Chemistry 
Raymond W. Hooker, Assistant in Agricultural Economics 
Glen E. Huskey, Assistant in Dairy Husbandry 
Arthur G. Johnson, Assistant in Animal Husbandry 
Oliver R. Johnson, Professor Agricultural Economics (retired) 
Taymour H. Kamal, Assistant in Dairy Husbandry 
Lennie G. Kizer, Assistant in Agricultural Economics 
Sam R. Koirtyohann, Instructor in Agricultural Chemistry 
Otis E. Miller, Assistant in Agricultural Economics 
Harold E. Mosher, Assistant Professor of Horticulture 
Jo Ellen McKay, Assistant in Home Economics 
Walter Nowotny, Assistant in Agricultural Research, 

Director's Office 
Robert Milton O'Neal, Assistant in Poultry Husbandry 
Frank M. Orsini, Assistant in Agricultural Chemistry 
Robert L. Pavey, Assistant in Animal Husbandry 
Don C. Peters, Assistant Professor of Entomology 
Reuben C. Prewitt, Technician, Director's Office-Services 

and Fertilizer Control (deceased) 
V. Balakrishna Reddy, Assistant Professor of Animal 

Husbandry 
Alfred M. Rivas, Instructor in Entomology 
Elbert H. Rongey, Assistant in Animal Husbandry 
Leonard L. Slyter, Assistant in Dairy Husbandry 
Robert L. Smith, Assistant in Director's Office-Services 
Frank A. Stanley, Instructor in Soils 
Harry A. Sullivan, Assistant in Agricultural Economics 
Mana Peacock Taylor, Instructor in Home Economics 
Howard D . Utter, Assistant in Agricultural Economics 
Joseph W. Van Trump, Assistant Agricultural Editor 
Wilmer Joseph Wendel, Assistant in Soils 
Ronald Zane Whipkey, Research Associate in Forestry 
Elmer B. Winner, Agricultural Editor 
Maynard E. Yoes, Assistant in Poultry Husbandry 



FINANCIAL STATEMENT 
University of Missouri 

Agricultural Experiment Station 
July 1, 1958 to June 30, 1959 

Bankhead- Marketing 
Hatch Jones Act State Appro- Fertilizer Station Station Working 
Fund 9b3 Fund Title II priations Fees Sales Grants Capital TOTAL 

Receipts from the United States 
Treasury, Appropriation for 
the Fiscal Year ended June 30, 
1959 $646,350.00 $94,630.00 $42,000.00 xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx $ 782,980.00 Receipts from State Appro-
priations for the Fiscal Year 
ended June 30, 1959 xxxxxxxxx:x xxxxxxxxxx xxxxxxxxxx $993,525.25 xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx 993,525.25 Cash Receipts for the Fiscal 
Year ended June 30, 1959 xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx $237,287.39 $444,578.39 $433,609.28 xxxxxxxxxx 1,115,475.06 Total Receipts $646,350.00 $94,630.00 $42,000.00 $993,525.25 $237,287. 39 $444,578.39 $433,609,28 2,891,980. 31 

Salaries and Wages $553,109.53 $86,026.53 $37,612. 39 $604,808.26 $109,827.80 $120,615.07 $226,047.61 $1,738,047.19 Traveling Expense 13,657.62 3,250. 73 439.40 37,846.26 14,583.55 11,202.86 55,056.08 136,036.50 Transportation of Things 155.03 35.91 1.53 2,504.82 315.36 643.47 3,365.39 7,021.51 Communication Service 231.36 97.64 36.59 5,015.36 18,156,50 8,149.59 1,055.26 32,742.30 Rents and Utility Service 1,035.56 13.20 9,00 20,461.25 9,978.22 17,249.62 1,952.14 50,698.99 Publication and Printing 725.46 1,414.25 14. 68 33,506.19 1,581.65 3,997.26 2,371. 71 43,611.20 Repairs and Replacements 5,688. 58 584.37 409. 16 28,085.55 15,450.60 58,229.89 42,641. 71 151,089.86 Supplies and Materials 37,183.89 2,276.51 2,643.12 141,165.09 38,465.53 78,525,01 73,085.00 373,344.15 Land, Buildings and Equipment 33,980.58 930.86 834.13 99,955.61 26,564.94 66,898.82 54,318.03 283,482.97 Other 582.39 20,176.86 1,246.04 34,095.21 3,134. 79 59,235.29 
$646!350.00 $!l4,63!l.!lo $42,!l!l!l.!lo $99 3, 525. 25 $236, I70.I!j $39!l,G!l6.8o $463,027.72 $2,875,309.96 Excess Income over 

Expenditures $--------- $- ------- $-------- $--------- $ 1,117.20 $ 44,971.59 $ 29,418.44- --------- $ 16,670.35 Unexpended Balance, July 1, 
1958 --------- -------- -------- --------- 10,205.07 109,710.91 274,658.77 $150,000.00 544,574.75 Transfer between funds for 
Physical Plant Expansion --------- -------- -------- --------- --------- --------- 39,775.00- --------- 39,775.00-Unexpended Balance, June 30, 
1959 $--------- $-------- $-------- $--------- $ 11,322.27 $114,907.50 $245,240.33 $150,000,00 $ 521,470.10 
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