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WATER 
q'he fP'liceless 9ng'leJient 

By Clyde H. Duncan 

WE HAVE REACHED THE ATOMIC AGE in this great country, but with 
all of our scientific knowledge we have not yet found a practical way to 
produce water in abundance in the face of drouths, or bank water for fu
ture needs in the wake of floods. Today drouths still plague us as they 
did the Pharoahs, and floods, while not as devastating as in Noah's time, 
yet are not the least of our problems. Water, in or out of supply, contin
ues a major problem. 

Today, no different than in the days of the pioneers, when all lines 
of travel were dictated by the urgency of water and when trails from all 
directions converged on the water hole, it remains agriculturally and in
dustrially the priceless ingredient. 

Water is so important because we use so much of it and we can in
vent no substitute for it. The ever-present threat of depleted water sup
plies hangs as a sword of Damocles over our heads, and we shudder to 
think that long-range change in climate may dry up parts of the country 
that are now on a marginal water basis. 

As a nation we like water. In 1957, the average American used 1500 

gallons of it every day. For years we deluded ourselves into thinking we 
used only 20 gallons per day per person. This, we estimated, included one 
gallon for drinking, six for laundry, five for personal cleanliness and eight 
for the toilet, but later studies have indicated that 1500 gallons per day, 
for each individual is a more correct figure. 

True a great part of the estimated 1500 gallons goes into the cultiva
tion of food each individual consumes and in the manufacturing of items 
he uses in daily life. 

One can easily conclude that the 1500 gallons of water per day, per 
individual is conservative when one considers that in creating one pound 
of beef, a steer consumes 4000 gallons of water. Some of this water the 
steer gets at the trough, but most of it he gets from pasture in the form 
of succulent grasses or legumes. Few realize that it requires 37 v.z gallons 
of water to produce one thin slice of bread. Other crops and livestock use 
water in proportion. 

In industry water has long been considered a prime necessity, along 
with raw materials. To produce a ton of steel, some 40,00 gallons of 
water are used, or 160 times its own weight. To refine a gallon of gaso
line, 10 gallons of water go into the process. Other manufacturing pro
cesses use water in similar amounts. 

-3-



Industry is so dependent upon water, that before a new plant is built 
there must first of all be a certainty, based on scientific data, of a long
range supply of water. Industry often requires that the water supply be in 
big bodies, supplemented by ample underground supplies. 

Industry is a mammoth consumer of water and of the 275 billion gal
lons used each day in this nation, more that half is consumed in the man
ufacture of goods. Agriculture employs another 100 billion gallons each 
day for irrigation, less than 10 percent of the 275 billion gallons per day 
is used for domestic purposes. 

We are told that we should not become unduly alarmed at these large 
water-use figures, since the country is well blessed, generally, with water 
resources. The nation averages 30 inches of rainfall annually, but poorly 
distributed. 

As a vigilant nation, concerned about her future growth, hydrologists 
say there are three real, well-defined situations relating to water which 
should concern everyone. They include the already mentioned unequal 
distribution of our water resources. Another problem is the tremendous 
increase of water usage, especially in industry. More recently there is the 
possibility that a long-range change in the climate may dry up parts of 
the country that are now on a marginal basis. 

Considering that water-a lack of it or an abundance of it- can pto
duce a nightmarish impasse, we come then to the inescapable conclu
sion, in the future water will playa far greater economic role in the 
specific plans of agriculture and industry than it has in the past, and the 
success or failure of this planning will be reflected in th ~ immediate and 
the future economic life of the nation. 

As a nation we have misjudged badly our national needs for water. 
This was brought out clearly in a report by the Paley Commission in 1952 
in which it was shown that in 1900 we withdrew from our wells and 
streams about 500 to 600 gallons of water per day per capita. Fifty years 
later our population had doubled and so had our need for water per per
son. Out total usage though had almost quadrupled. 

The commision then predicted that by 1957 our water use would 
double again. What happened in all of this estimating was that the com
mission underestimated the nation 's growth rate population-wise and in
dustrially. 

A second Hoover Commission study based on 1955 figures reported 
that in five years since 1950 water use had soared from 185 billion gallons 
per day to 262 billion. In just five years our national consumption of water 
had reached almost halfway to what the Paley Commission's estimated 
would be used in 1975. 
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In the light of this stupendous water usage, where may one find some 
of the answers which may make this problem lighter tomorrow in the 
face of a many times greater use of this liquid? 

It is hoped some of the answers will be found in conservation of 
water and pollution control. It is also hoped that study by scientists may 
eventually do something to control the long-range climate, or the short
range weather. Some feel that a practical distillation of sea water in 
quantities to be beneficial to industry and agriculture may eventually re
sult from present-day research. More also can be done by the big users of 
water in reclaiming used water. 

Alternate methods of cooling in which refrigerants or air are used 
will help. Piping of water from those areas that have a surplus supply to 
those areas which are constantly in need of it is another possibility, engi
neers point out. In this connection, some think that in less than 20 years 
there will be a network of water pipelines which will rival in scope with 
the oil pipelines throughout the land. Ways and means may also be found 
to impound and salvage the now wasted waters of destructive floods. 

The pressing and obvious need for an abundant water supply in the 
future, by both agriculture and industry, points up a great need for co
operation between the two in facing a gigantic common research job. 

In the Agricultural Experiment Station, both industry and agriculture 
have a common meeting place in whatever may be the problem. Originat
ed to serve agriculture, primarily, the Experiment Station now serves all 
the citizenry in its guardianship of the nation's food, feed and .fiber. In 
the modern concept its duty is as much to industry as to agriculture and 
to that end it serves both impartially. 

Industry and agriculture, working together for the future, will find 
ways to harness, conserve and make available when needed an abundance 
of water, the priceless ingredient, to the end that man will be his own 
master and not his own slave. 

• • • 
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Agricultural Chemistry 
M. E. Muhrer, Chairman 

Hemorrhagic Conditions In Farm Animals 

M . E. Muhrer and Wm. R. Thomas 

OBJECTIVES: 

A. Maintenance of the bleeder strain of swine. 
B. Isolate and characterize the anti-hemophilia factor. 
C. To determine the blood volume and attempt to cor

relate it with carcass quality. 

RESULTS: 

A. Maintenance of the bleeder strain of swine: 
The Missouri Agricultural Experiment Station has 

the only strain of hemophilia-like swine on which any 
experimental work has been recorded in the literature. 
This hemophilia condition has been compared physiologi
cally and biochemically with canine and human type 
hemophilia and has been found to be similar to these 
diseases. As a result, this herd affords an excellent oppor
tunity to do original research and help in the advance
ment of knowledge in this important phase of biochemi
cal and physiological mechanism. Because of the limited 
space, funds, and personnel the bleeder herd has been 
kept to the bare essential minimum in number. Pigs from 
the bleeder herd have been used jointly in fermented feed 
studies. The breeding system involves the use of bleeder 
males and carrier females. In this way the carrier sows 
will produce bleeder pigs. The male is the only mature 
bleeder that needs to be kept with this system. There
fore, the possible loss of mature animals from hemorrhage 
is kept at a minimum. 

B. Isolate and characterize the anti-hemophilic factor 
as to amino acid composition. 

By means of chemical characterization and physical 
and chemical separation various blood coagulation factors 
have been characterized by numerous investigators. By 
these methods further characteristics are added to facili
tate distinguishing old and new coagulation factors and 
thus facilitate diagnosis of coagulation defects. 

The 1i... H. F. is an essential component in the blood 
coagulation mechanism. The A. H. F. is one of several 
factors that are essential for the formation of thrombo
plastin for the prevention of hemorrhage. In the case of 
hemophilia or in the hemophilia-like condition in swine 
the A. H. F. is either in a low state of supply or com
pletely deficient. Thus by the determination of the amino 
acid composition of the A. H. F. an insight may be gain
ed as to its formation and the interrelationships with the 
other coagulation factors in the blood. 

In this determination the A. H. F. was isolated in 
the biologically active state and purified from associated 
compounds by means of chemical absorbents. Upon acid 
hydrolysis the amino acids comprising the A. H. F. were 
determined by the use of two dimensional chromato
grams. The solvents used to facilitate fractionation of the 
amino acids in the A. H. F. were N Butanol, ac~tic acid, 
phenol, ethanol and water. 

The preceding method of analysis does not preclude 
the presence of other amino acids in the A. H. F. using 
other methods of assay. 

C. To determine the blood volume and attempt to 
correlate it with carcass quality. 

The blood volume of human beings and other ani
mals has been determined by numerous investigators 
over the years. The method selected in this case was the 
injection of small amounts of an easily identified organic 
dye (Evans Blue) into the circulation system and then 
measure the degree by which the total blood volume has 
diluted this known amount of the dye. Evans Blue serves 
as a biological tagged substance in that upon injection in
to the blood stream, the dye combines with the albumen 
portion of the blood. Thus the dye-albumen complex is 
carried along to all portions of the body. When the dye 
is thoroughly circulated and comes into equilibrium an 
estimate of the amount of dilution that has resulted may 
be determined by the collection of a sample of whole 
blood and withdraw the dye-albumen complex in the 
serum in the sample. By knowing the amount of dye in
jected and the amount present in the sample, the blood 
volume of the animal can be determined. 

By correlating the blood volume of the animal with 
back fat probes, the data indicate that as swine increase 
in body weight and have a higher percentage of fat, the 
blood volume of the animal declines. This is unique to 
this animal as most animals increase their blood volume 
with increases in body weight. (Project 56) 

Spectrographic Service 

E. E. Pickett, B. E. Hankins, H. E. Fiehler, and 
Samuel Koirtyohann 

OBJECTIVES: 
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The Spectrographic Laboratory performs analyses by 
spectrographic and other means as a service to projects 
sponsored a~crapproved by the Experiment Station and to 
other departments of the University and as time allows to 



organizations and individuals outside the University or 
even the state of Missouri, and develops methods and 
techniques to aid in these analyses. 

REPORT OF PROGRESS: 

The analytical methods receiving the most attention, 
as in previous years, were the trace element precipitation 
procedure of Mitchell, aided in recent months by radio
active tracer evaluations of completeness of precipitation 
of copper, cobalt, and molybdenum, which work was 
nearly completed in 1956 and applied to a number of 
plant and soil samples, with every indication that the 
method was very sensitive and powerful, and another con
centration method, combining an extraction for molyb
denum with dithizone extraction for copper, cobalt, zinc, 
and other metals, designed to have certain advantages 
over the precipitation method. Moreover, much atten
tion was given to devising a method for simultaneous 
spectrographic determination of several major and minor 
or trace elements, previously determined colorimetrically 
or chemically in our laboratory, in plant ash directly such 
as calcium, magnesium, potassium, iron, manganese, cop
per, boron, and phosphorus, without preliminary chem
ical concentration with the view to its adaptation for use 
on the direct-reading spectrograph recently ordered, a 
combination of method and instrument which should 
permit much more rapid analyses of plant material than 
heretofore, although, of course, the much slower chemical 
concentration followed by spectrographic determination 
of cobalt, zinc, and molybdenum will continue to be 
necessary where, as in most instances, these elements are 
desired to be known. This has been successful. 

The results of this project are well summarized in 
terms of numbers of samples handled and determinations 
finished but are too lengthy to be included here. 

Biochemical, Physical and Physiological Aspects 
in Natural and Artificial Breeding 

D. T. Mayer, Frank Orsini, R. E. Berry, 
and G. V. Hook 

OBJECTIVES: 

A. A thorough study of the chemistry and/or biochem
istry of male and female germ cells. 

B. Investigations concerned with the enzyme systems and 
metabolic activities of the male and female gametes. 

REPORT OF PROGRESS: 

A. An investigation of the oxidative enzyme systems 
of Bovine Spermatozoa. 
J. T. Smith and Dennis T. Mayer 

In August, 1956, this particular investigation, which 
had been in progress for a three-year period was com
pleted. This investigation was conducted on a coopera-
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rive basis with the Dairy Husbandry Department (Pro
ject 54, Artificial Insemination) which provided the semen 
samples and paid part of the salary of J. T. Smith. The 
actual experimental work was done in the laboratory of 
the Department of Agricultural Chemistry by Smith and 
Mayer. Three journal articles, the abstracts of which are 
included in this report, were published and a Ph.D. thesis 
was written. 

Since the results of this investigation have been re
ported in detail in previous Progress Reports and the Ab
stracts cited above summarize the major contributions, it 
would be repetitious to include a detailed report of pro
gress herein. 

Briefly and in general, the results of this extended 
and thorough investigation showed: 

1. That the spermatozoa of the dairy bull contains 
three dehydrogenases, succinic, malic, and glyceraldehyde-
3-phosphate, which are important to the metabolic pro
cesses and the fertilizing ability of these cells. 

2. That these enzymes vary in quantity and/or activi
ty with seasonal temperature changes and that their 
activity is at its lowest level when environmental tempera
tures are highest and at those periods when the fertility 
of the male is at a low level. 

3. That egg yolk and certain of its constituents 
(cholesterol and carotene) in a diluting medium influ
ences the activity of these dehydrogenases. 

4. That washing, which is a general practice in 
metabolic studies, or excessive dilution alters the activity 
of these dehydrogenases. The effect of washing sperm
matozoa is also influenced by the environmental tempera
tures of the bulls. 

5. On the basis of the results obtained, a number of 
suggestions regarding the constituents of diluting media 
for the storage or shipping of bull semen were made. A 
new investigation, in which these suggestions are to be 
thoroughly tested was begun, in February, 1957. 

B. The Lipoprotein Fraction of a Bull Spermatozoa 
Frank Madera Orsini and Dennis T. Mayer 

In 1870, Miescher in Germany worked with cell 
nuclei and fish spermatozoa and laid the foundation for 
subsequent research on spermatozoa and cellular nuclei. 
However, until 1940 little research was done upon the 
chemistry of mammalian spermatozoa. If we were to have 
a thorough understanding of (1) the physiological and 
metabolic processes, (2) the inherent deformities affecting 
fertility, and (3) the intricate process of fertilization, a 
knowledge of the underlying chemical structure of mam
malian spermatozoa must be obtained. 

In 1943 a study of the basic chemistry of these cells 
was initiated at the Missouri Station utilizing boar and 
ram spermatozoa. Several years ago, with the research on 
boar spermatozoa as a basis, the present investigation of 



the chemistry of bull spermatozoa was initiated. A major 
contribution of the research on boar spermatozoa was the 
isolation of a lipoprotein fraction which comprised 48 
percent of the total cell mass. The primary purpose of 
this investigation was to isolate, characterize, and to study 
the function of this fraction which comprised nearly 50 
percent of these cells. 

PROCEDURE 

Semen specimens were provided by the Dairy De
partment and were tested to assure normal samples from 
normal bulls. The cells were immediately separated by 
centrifugation then washed to remove adhering contamin
ants from the semen plasma. All samples were dried un
der vacuum in the frozen state. The lipoprotein fraction 
was isolated by several extractions of the spermatozoa 
with 0.01 NNaOH. The lipoprotein, precipitated from 
the alkaline solution at pH6 with acetic acid, was purified 
by redissolving it in NaOH solution and reprecipitation 
with acid. It was then dried by lyophilization and kept 
for the subsequent analyses under vacuum. Nitrogen and 
phosphorus determinations were made on the original 
washed sperm cells and on all subsequent fractions and 
the residues remaining after removal of the fraction. 

RESULTS 

1. In all cases the lipoprotein fraction precipitated 
from the NaOH solution upon the addition of acid at a 
pH of 5.5 to 6.1. 

2. The lipoprotein fraction constituted, on the aver
age, about 42 percent of the spermatozoa on a frozen 
dried basis. 

3. The bull spermatozoa contained 17.1 percent ni
trogen and 2.6 percent of phosphorus which compares 
favorably with the values obtained previously in this lab
oratory on boar spermatozoa and those of Zittle and 
O'Dell on epididymal spermatozoa of the bull. The high 
nitrogen content suggests presence of basic proteins in 
bull spermatozoa~ 

4. The residue, constituting the remainder of the 
cell after removal of the lipoprotein, contained 8.8 per
cent nitrogen and 4.24 percent phosphorus. 

5. The lipoprotein fraction (average of 22 samples) 
contained 13.8 percent nitrogen and 0.83 percent phos
phorus. 

Subsequent research on the lipoprotein fraction was 
designed to yield information regarding the nature of 
this fraction since it constituted such a large proportion 
of the bull spermatozoa. (Due to space limitations ~his 
report has been greatly ~ondensed) .- (Project 81) 

Analytical Services 

C. W. Gehrke, E. W. Cowan, L. D. Haigh, 
Frank Joh.nson, J. A. Bevirt, B. R. Smith, 

E. L. Wood, W. M. Lankin, W. G. Godbey 
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OBJECTIVES: 

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

B. To develop new fundamental chemical methods related 
to any of the above projects. 

C. To conduct routine analytical control work for the 
University, Agricultural Stabilization and Conserva
tion Commission, and the citizens of the state. 

D. To conduct a basic research program in agricultural 
chemistr.y and related fields. This will be done in co
operation with various cooperating departments and 
agenaes. 

SAMPLE PREPARATION: 

In addition to the foregoing report of chemical anal
yses in the Station Laboratory, the following number of 
samples were processed through the Station Laboratory 
Sample Preparation Room. 

2,539 fertilizer samples were recorded, ground and 
mixed for various chemical analyses. 
2,302 miscellaneous samples of fertilizer, feeds , feces, 
etc. were recorded and processed for analyses. 
1,333 limestone samples were recorded, dried, pul
verized and mixed for chemical analyses. 

REAGE NT PREPARATION: 

Approximately 85 carboys (12 gallons each) of stand
ard reagent solutions were prepared by the personnel of 
the Station Laboratory. The preparation of each carboy of 
standard solution required an average of 10 analytical 
checks to insure proper normality, specific gravity, pH, 
etc. 

REPORTS OF ANALYSES: 

A report of analysis was made of each sample ana
lyzed by the Station Laboratory. During 1956 over 30,000 
analytical results were computed, averaged, checked for 
accuracy and reported. (Project 132) 

Proper Proportions of Amino Acids Required by 
Poultry 

A. G. Hogan, B. L. O'Dell, Osmund Laerdal 

OBJECTIVES: 

A . To determine whether there is an unrecognized vita
min that is important for hatchability of hen eggs and 
for the virability of the chick. 

B. To determine the proper proportions of the essential 
amino acids required to support maximum growth in 
the chicken. 

REPORT OF PROGRESS : 

This report is concerned with two major aspects of 
the project : 

A. Arginine requirement of the chick, and 



B. Significance of zinc in the nutrition of growing 
chicks. 

A. Arginine Requirement of Growing White Leg
horn Chicks. 

The chief purpose of this study was to determine 
quantitatively the arginine requirement of the growing 
chick fed a high energy, high protein diet and to deter
mine the effect of glycine on the requirement. The experi
mental design was to feed graded levels of arginine in 
the presence and absence of added glycine. In addition 
the arginine replacement value of creatine, creatinine and 
guanidoacetic acid was determined. A study was also 
made to determine whether or not these compounds had 
any nutritional value in addition to their ability to spare 
part of the arginine requirement. 

EXPERIMENTAL PROCEDURE: 

One-day old sexed male White Leghorn chicks were 
wing-banded and randomly distributed into groups of ten. 
They were housed in electrically heated batteries for the 
4-week experimental period and the chicks were individu
ally weighed each week. Feed and water were supplied ad 
libitum. At the end of the fourth week, feathering was 
evaluated by inspection using a score of 4 to represent 
near perfect, 3 good, 2 fair , and 1 poor, feathering. The 
incidence of the leg paralysis characteristic of an arginine 
deficiency was also recorded. 

RESULTS AND DISCUSSION 

It is clear that glycine is required for maximum 
growth and that its effect becomes more pronounced as 
the arginine content of the diet increases up to the 
optimum level. In the absence of added glycine, the 
arginine requirement for maximum growth under these 
conditions was 2.25 percent of the diet. In the presence 
of adequate glycine it was slightly lower, 2.1 percent. 
Higher levels of arginine had no significant effect on 
either growth, feathering, or muscle paralysis, but in gen
eral there was good correlation among these indices of a 
deficiency at the low levels of arginine. When the diet 
contained supplementary glycine and no supplementary 
arginine, the chicks weighed on the average 142 grams at 
four weeks, the feathers were very poor (score 1.4) and 
66 percent of the birds exhibited leg weakness or paral
ysis. The addition of 0.9 percent of arginine produced an 
average weight of 401 grams, and an average feather 
score of 3.4. At this arginine level, 2.1 percent there were 
a few birds that showed a slight leg weakness that was of 
such a borderline nature as to be difficult to classify. 

Summary 

The arginine requirement of the White leghom 
chick to four weeks of age was 2.1 percent of the diet 
when the protein level was 31 percent and the fat level 
was 10 percent. If the diet is suboptimal in glycine, the 
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arginine requirement is increased slightly. Creatine, 
guanidoacetic acid and creatinine will spare the arginine 
required, but the amount spared does not exceed about 
0.3 percent regardless of the amount fed. Creatine is the 
most effective and spared up to 0.3 percent of arginine 
when fed at levels of 0.15 and 0.3 percent. Excess glycine 
aggravated the arginine deficiency. Chicks fed an isolated 
soybean protein (Drackett) require a mineral present in 
the ash of distiller's dried solubles. This appears to be 
zinc. Chicks maintained on the basal without zinc develop 
short, thick leg bones, poor feathers and dyspnea. Zinc 
at a level of 50 ppm replaced the ash of distiller's dried 
solubles. (Due to space limitations this report has been 
greatly condensed). (Project 137) 

Mineral Content of Missouri Blue 
Grass and Lespedeza 

E. E. Pickett, H. E. Piehler, B. E. Hankins 

OBJECTIVES: 

A. To collect alfalfa at same sites as in 1954 and at some 
additional sites; collect corn at the fifteen experimental 
plots of Hybrid Corn Breeding, Project 85, Field Crops, 
and to plant, fertilize, and collect corn from a small 
experimental plot at South Farms. 

B. To determine as many as possible of the elements; cop
per, cobalt, zinc, molybdenum, calcium, magnesium, 
potassium, iron, manganese, nitrogen, boron, phos
phorus, and sulfur in the first two collections, and 
nitrate, total nitrogen, and molybdenum in the third. 

REPORT OF PROGRESS: 

Eighty-four samples of alfalfa, comprising early and 
late cuttings, were collected and analysis begun. Only 
about thirty have been analyzed for copper, cobalt, zinc, 
and molybdenum as of March 1, 1957. Of these, about 40 

percent were deficient in cobalt, and many were strongly 
deficient, that is below 0.04 ppm of cobalt. This, together 
with some less reliable data on alfalfa collected in 1954, 
in which the percentage of cobalt-deficient samples was 
about the same, presents a rather surprising and disturb
ing picture. 

The group of fifteen corn samples has not been 
touched. The corn from the nitrate-molybdenum experi
mental plot has been analyzed for nitrate. The weather 
in early summer, 1956, was wet enough to prevent ni
trate accumulation and the experiment probably will not 
be found to yield any definite information on the role of 
molybdenum in nitrate accumulation. 

This project has run for five years and was concerned 
mainly with lespedeza (Research Bulletin 594). It will be 
revised and continued with emphasis on alfalfa and corn. 
(Project 147) 



The Relation of the Ionic Concentration 
To Evaporated Milk's Stability 

C. W. Gehrke, B. R. Smith 

OBJECTIVES: 

The objective of this investigation is to seek basic 
knowledge concerning the distribution of the inorganic 
components of milk (calcium, magnesium, potassium, sodi
um, phosphate, and citrate) between the ionic, dissolved
complex, and collodial phases, and in what manner these 
systems are changed by heat and pH; finally, to deter
mine the relationship of these findings to the heat stability 
of the casein. 

REPORT OF PROGRESS: 

Our studies since June of 1956 have been mainly on 
Resin Contact Time Studies on raw and heated skim milk 
adjusted to different pH's to determine the effect of heat 
and pH on the exchangeability of calcium and magnesi
um in the milk. Due to a lack of time and funds we were 
not able to complete the planned studies on the exchange
ability of phosphates and citrates; as well as studies on 
these ions in milk samples taken from various stages in 
the processing of evaporated milk. 

Data have been obtained showing the exchangeability 
of phosphate, stability number, and pH of raw skim milk 
contacted with mixtures of anion exchange resins. This 
resin mixture held the pH of the milk constant over the 

contact times used. The exchangeability of P~05 ranged 
from 40 to 46 percent. Data have been gathered showing 
the decrease in exchangeability of phosphate as a result 
of heating at 120°C for 30 minutes, and the heat treated 
milk was aged for 48 hours at 6° C; then contacted with 
resin. The data show that heat treating milk at these 
temperatures caused an irreversible decrease in phosphate 
exchangeability. Also, the removal of phosphates immedi
ately decreases the casein stability to a stability number of 
zero. (Project 148) 

Critical Nutrients In Guinea Pig Nutrition 

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

OBJECTIVES: 

A. To determine the optimum mineral balance for growth 
and reproduction in the guinea pig and to study the 
relation of mineral composition .of diet to calcification. 

B. To identify the natural occurring antistiffness factor. 
e. To isolate and identify the substance in green foods 

that stimulates the growth of guinea pigs. 

REPORT OF PROGRESS: 

The data in this report may well be classified into 
three major categories: 

A. Mineral composition of the diet and metastatic 
calcification. 

B. The wrist-stiffness syndrome. 
C. Nutrients required for optimum growth. 
The composition of the purified diets used differed 

in mineral composition and in the various supplements 
added, but the basic ingredients were the same. The com
position of the most commonly used basal rations follows : 

Ingredient 

Casein (80) 
Sucrose 
Woodpulp 
Soybean Oil 
Salts (4513) 
Potassium acetate 
Magnesium oxide 

Ration 4568 

30.0 
43.8 
15.0 
4.0 
4.0 
2.7 
0.5 

The vitamin supplement was the same for all puri
fied diets and supplied the following amounts per 100 

grams of diet. 

Thiamine HCI 
Riboflavin 
Pyridoxine HCl 
Ca Pantothenate 
Niacin 
Folic acid 
Biotin 
Vito B12 

1.0 mg 
1.0 
1.0 
3.0 
5.0 
0.6 
0.02 
0.003 

Choline Cl 
Inositol 
Ascorbic acid 
Alpha tocopherol 
Menadione 
Vito A 
Vito D 
Aureomycin HCI 

Summary 

100.0 mg 
100.0 

50.0 
2.0 
1.0 

2000. I. U. 
285. I. U. 

2.5 mg 

All of the cations in the diets of guinea pigs were 
absorbed to a larger extent when the animals consumed 
gum arabic than when they consumed cellulose as a source 
of bulk. The addition of magnesium and potassium caused 
a markedly higher percentage of apparent absorption of 
these cations. The intake of an excessive amount of phos
phorus decreased the percentage absorption of both calci
um and magnesium. 

It was noted that most of the excess calcium and 
magnesium consumed is excreted by the kidneys. Guinea 
pigs are an exception in this respect, for most animals ex
crete these minerals chiefly by way of the large intestine. 

When the diet contained excessive amounts of calci
um, and insufficient amounts of magnesium there was an 
overgrowth of the teeth, and deformities of the mandi
bles. 

Males are more susceptible to wrist stiffness than are 
females. If the development of this abnormality depends 
in any way on the diet, citrus products, including the 
pulp and peelings, are the most effective protective agents. 
Fresh spinach ranks next in effectiveness, but the other 
foods tested have been inactive. There was some evidence 
that the susceptibility of females to wrist stiffness was in
creased by adding testosterone (0 their diets. 

Raw cabbage is markedly effective in accelerating the 
rate of gain in guinea pigs and in reducing the rate of 
mortality. 
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The growth stimulant has not been identified but 
does not appear to be a known nutrient. (Project 149) 

Maternal Nutrition and Congenital 
Abnormalities in Infant Rats 

OBJECTIVES: 

A. G. Hogan, B. L. O'Dell, 
Billy Erickson 

C. To study the effect of physiological stress on congenital 
malformations. . 

D. To investigate the effect of maternal nutritional defici
encies on the anatomy and function of the brain and 
other tissues. 

REPORT OF PROGRESS: 

The histological study presented here includes tis
sues from infant rats produced by vitamin B12 deficient 
dams and controls. The central nervous system has re
ceived major attention because of our interest in the 
pathology of hydrocephalus and in the cause of the 
anomaly. 

METHODS: 

Weanling female rats of the Wistar strain were 
placed on a soybean meal-glucose type diet until they 
reached the weight (160-170 g.) customarily used in the 
colony for reproduction. During the reproductive phase, 
part of the animals were continued on this diet and part 
received the basal diet supplemented with 30 meg. of 
BI2/Kg. of diet. On the basal diet 32 females bore 132 
litters and 896 offspring. Of these, 92 or about 10 percent 
were hydrocephalic. For diagnosis of hydrocephalus the 
newborn rats were fixed in Bouin's solution and the 
brains sectioned with a Bard Parker blade. The ventricles 
of the hydrocephalic brain were distended and could be 
observed grossly. This procedure detected more mild cases 
than the light transmission check and resulted in a re
ported incidence of about twice that detected by light 
transmission on the same animals. No hydrocephalus was 
observed among the offspring of the vitamin B12 supple
mented dams. 

DISCUSSION 

The observations show that congenital hydrocephalus 
in the vitamin B12 deficient rat is associated with partial 
and in some c~se complete occlusion of the cerebral 
aqueduct. Whether or not occlusion is the cause of ven
tricular dilatation or is simply associated with it cannot 
be determined by the present knowledge of the origin 
and absorption of cerebrospinal fluid. It has been suggest
ed that the columnar cells in the roof of the third ventricle 
and cerebral aqueduct have a secretory function and help 
maintain a patent aqueduct until the chief secretory me
chanism becomes functional. The fact that, in this study, 

secretory cells were found associated with completely oc
cluded aqueducts shows that they are present in some 
cases of hydrocephalus. It is possible that the cells were 
non-functional in these cases, but their appearance did not 
justify such a conclusion. (Project 151) 

OBJECTIVES: 

Rumen Culture 
J. S. Baumstark, G. B. Garner, 

M. E. Muhrer 

A. A continuation of the study to elucidate the principles 
in~olved in the regulation of the growth of rumen 
mIcroorganisms. 

B. Study of amino-acid and protein synthesis in the 
rumen. 

C. Study of changes occurring in a rumen type fermenta
tion by rumen microorganisms of a high fiber ration 
containing principally wheat straw that would im
prove the ration for non-ruminants. 

REPORT OF PROGRESS-INCLUDING DETAILED RESULTS : 

A. Principles involved in the regulation of rumen 
functions. 

1. Regulation of rumen population. 
Previously, we have reported the isolation of Pseudo

monas aeruginosa (blue pus organism) from the rumen of 
a cow known to have active liver abscesses. Later we had 
reported extracts of rumen fluid and silage were effective 
in inhibiting this organism under the usual methods of 
pad assay for antibiotic material. This experiment was 
conducted to see if the in vitro results could be applied to 
the animal. Pseudomonas aeruginosa is easily followed since 
it is a faculative aerobic organism and produces a blue 
pigment, pyocyanin. Further, by inoculation of each ani
mal with this organism, one would expect to lower! di
gestibility if it could predominate in the rumen since 
pyocyanin is inhibitory to many bacteria. It has been re
ported in the literature that Pseudomonas aeruginosa fails to 
produce pyocyanin under anaerobic conditions but it was 
believed that massive inoculation would overcome some 
of this effect. 

The experimental plan was as follows : Six sheep were 
placed on each ration. Ration I-Alfalfa hay-800 gm., 
corn-350 gm., concentrate "A"-50 gm. Ration II-Timothy 
hay-800 gm., concentrate "A"-212 gm. Concentrate "A" 
consisted of: soybean oil meal-80#, ground yellow corn-
90#, urea (262)-13#, trace mineralized sale -8#, CaHOP4-

5#, vitamin A-lOOO LU./# , vitamin D-400 LU/#. 
The sheep were allowed two weeks for adjustment to 

these rations. The sheep were then placed in metabolism 
crates for 5 days. Fecal collections were made and feed 
consumption recorded. 

Each sheep then received 5 m!. of inoculum prepared 
from a 24 hour old culture of Pseudomonas aeruginosa. The 
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organisms grown in nutrient broth were spun down and 
resuspended in saline. The inoculum was placed on the 
ration each evening for 4 days. Counts made just before 
inoculation indicated that by the fourth day there was 
106 organisms (test) per ml. of rumen fluid. This was 
true of timothy-fed sheep. Alfalfa-fed sheep responded dif
ferently. 

Three sheep in each group received 35.5 gm. of silage 
extract mixed with the concentrate. This was equivalent 
to .6# of fresh silage per day. 

On the 5th day the sheep were returned to the col
lection crates for an experimental period of 5 days. Anal
ysis of feed and feces were carried out by the Station Lab
oratory. Data from one sheep in the timothy group was 
discarded because of its low digestibility of cellulose in 
the basal period, due either to health of the animal or 
analytical error. 

SUMMARY 

The work indicates the artificial rumen technique as 
employed in this report to be valid for determining the 
effect of changing physical forms of grains commonly used 
in ruminant feeds as concentrates. Crimping, flaking and 
pelleting were advantageous using increased volatile fatty 
acid production as a criterion both in vitro and in vivo. 
(Project 152) 

Study of Nutrients in An Artificial Rumen 
Before and After Fermentation 

OBJECTIVES: 

A. Factors that a.lJect the nutritive value of com. 
I. Preparation of manuscripts from data already 
tabulated. 

II. E.lJects of time of planting and level of nitrogen 
treatment on nutritive value of corn grain and com 
forage/ changes in nutrients in corn forage if plant 
does not produce grain. 

B. Changes that occur in amino acid distribution in 
rumen contents. 
I. Changes in the amino acid distribution from fistu
lated sheep fed semi-synthetic rations containing 
purified proteins. 

C. Optimum amino acid distribution of poultry ratiom. 
I. As time permitted feed stuffs commonly used 'in 
poultry ratiom were to be assayed to find their content 
of (1) arginine, (2) methionine, (3) cystine, (4) lysine, 
and (5) tryptophan. 

Summary 

1. A detailed study has been made of the content and 
distribution of sulfur in alpha protein. 

2. Alpha protein contains about 1.04 percent cystine 
and 1.02 percent methionine. Microbiological assay of 

alpha protein showed it to contain 1.08 percent methio
nine. This is .in harmony with 1.02 percent methionine 
from chemical determinations. 

3. Data on cystine and methionine in 10 samples of 
corn (6.75 to 16.5 percent protein) and in casein, soybean 
oil meal and alpha protein have been secured by chemical 
methods. Cystine data for these feeds are higher than are 
usually reported. It is considered, however, that the data 
for cystine and methionine from the chemical -procedures 
used are more valid than data from assays on hydrolysates. 

4. Microbiological assays were made to determine 
methionine in these samples by a second procedure as a 
check on the validity of the data secured on percent sul
fur, percent cystine and percent methionine by the chemi
al methods used. 

5. Good agreement existed between methionine data 
from the two methods, when protein in the samples was 
15.62 percent or higher. Further microbiological work, 
with improved methodology, will be done on micro
biological assays of methionine in corn. It is anticipated 
that better methodology will result in good agreement in 
figures for methionine in low protein corn, as secured by 
the two methods. (Project 212) 

Role of Hormones in Reproductive Organs 

D. T. Mayer, Mike Milicervic, Frank Orsini, 
Fred Alleva, V. B. Reddy 

OBJECTIVES: 

In 1955 the Plan for Project 223 was revised under a 
new title and four major objectives were proposed for sub
sequent research under the plan. 

During the ensuing year the research completed could 
be assigned a place under major objectives A, Band C, of 
the aforementioned revised plan. 
A. In general, this objective was to gain information 

regarding the role of the various endG)Crine secretions in 
each phase of the reproductive cycle and to ascertain the 
interrelationships existing between these endocrine secre
tions. 

B. Since the reproductive hormones are necessary for 
the maintenance of viable embryos through their in
fluence upon the uterine environment, the second objec
tive is to study the changes, enzymatic and otherwise, in
duced in uterine tissues by these hormones, thus provid
ing an optimal environment for the maintenance of viable 
embryos. Application of the results obtained under this 
objective to the problem of litter size in swine as influ
enced by embryonic mortality is stressed in the present 
report. 

e. The 'third major objective cited in the revised 
piorect Plan is the development of diagnostic tests where
by the reproductive efficiency of a female may be deter
mined. During the year this objective has been applied in 
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a broad sense to include diagnostic tests for dwarfism and 
the development of tests whereby the growth potentiali
ties of young animals may be diagnosed. 

This report covers primarily the exploratory experi
ments to elucidate the normal picture in the young swine 
as a background for further research designed to yield 
information basic to the development of diagnostic meth
ods. 

A survey of the metabolic mechanisms involved in 
food utilization and growth suggested that a study of the 
variations in blood sugar levels in untreated controls and 
in animals treated with adrenal cortex hormones and with 
insulin would yield information regarding the growth 
mechanism and tests for evaluating the growth potentiali
ties of young swine. 

If a test or tests of a diagnostic nature can be de
veloped, it would be valuable in the selection of animals 
at an early age with the potentialities for rapid, economi
cal growth gains. 

A total of 69 pigs of different ages, sex, weights, and 
breeds have been used in this study to date. (Project 223) 

* * * 

Forage Poison Caused By Drouth 

M. E. Muhrer, B. L. O'Dell, L. M. Flynn, 
W. O. Regan and G. B. Garner 

OBJECTIVES: 

A. To continue the study of the physiological effects of 
nitrates at all levels below the established lethal amount. 

B. To study the level of nitrate found in ruminal blood 

under different feeding programs. 

C. To investigate other compounds produced in forages in 
unusually high amounts that would have physiologi
cal activity in ruminant feeding. 

Summary 
Second-cuttings of red clover harvested in dry years 

have produced excess salivation and loss of weight in cat
tle, sheep and horses. This has been duplicated in the 
guinea pig. Chemical fractionation of the hay shows that 
the causative agent is soluble in water, alcohol and slight
ly soluble in chloroform. A procedure for concentration 
of the factor has been devised. (Project 247) 

* * 

Agricultural Economics 
o. R. Johnson, Chairman 

Land Resource Investigations 

Frank Miller, Q. D. Banks, S. C. Turner 

No publications have been issued and no manu
scripts have been completed during the year. A manu
script describing the resources of the Ozark Areas is be
ing prepared. 

OBJECTIVES: 

1. To inventory the present use of resourceSj to determine 

levels and sources of income and the kind of adjust

ment problems that confront farm families. 

7. To determine the extent of shifts from such crops as 
corn, wheat and spring seeded grains to hay and pas
ture crops. 

14. To measure the contributions that timber products 
make to the incomes of people living in the Ozark 
area. 

A sample of farms in Dent, St. Francois, Madison, 
Ripley, Wayne counties was selected on a segment area 
basis. Enumerators interviewed 269 farmers and 516 non
farmers in the selected areas. The schedules have been 

edited, coded, and punched on IBM cards. The following 
facts have been revealed by the tables already prepared: 

1. The average net income of the 269 farm families 
was $2,042.00. Slightly over 57 percent received less than 
$2,000. The average income of 516 non-farm families was 
$2,262.00 More than 54 percent of this group received 
less than $2,000. 

2. More than one-half of the net income of farmers 
came from non-far!ll ~ork. Net farm income averaged 
only $658. 

3. The percentage of young men and women on 
farms between 20 and 35 years of age is much lower than 
in the United States as a whole. 

4. The most prosperous farmers in the area received 
79.7 percent of their income from livestock and livestock 
products. Part-time farmers gOt 64.8 percent of their farm 
income from livestock. 

A manuscript is being prepared. The tentative tide 
is "Sources and Characteristics of Incomes of People Who 
Live in the Open Country in the Ozark Section of Mis
souri". (Project 44) 
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Real Estate Price And Assessment Trends 

Frank Miller, W. D. Davis 

OBJECTIVES: 

A. To determine trends in land prices in selected counties 
of Missouri. 

B. To find out what factors have influenced these tre1Jds. 
C. To isolate the factors that have rJetermined the prices 

at which specific parcels of farm land have been sold. 
Records of 8,413 transfers of farm land by warranty 

deed were obtained from six selected counties in Missouri. 
Analysis of these records revealed the following facts : 

1. The trend in land prices was upward from 1947 to 

1956. Prices went up rapidly during the Korean War. 
After the war they tended to level off. 

2. Prices in Audrain County increased more rapidly 
than in the other counties. The principal cause was de
mand for land to make full use of tractors and other 
equipment and increased productivity of Putnam soils. 

3. Prices of the best grades of land fluctuated more 
than prices of the poor grades. 

4. The trend has been toward larger farms. Both 
gross and net income to Agriculture have been declining, 
but the returns have been divided among fewer farms. In 
other words, income per farm has not gone down as much 
as income to Agriculture. Land prices follow income per 
farm more closely than income to Agriculture. 

In local areas where land prices increased gross re
turns from the sale of f~rm products also increased. The 
greater returns were possible because of higher yields of 
crops. Apparently some of the results of technological 
improvements such as better varieties and higher yields 
through use of fertilizer and capitalized into land values. 

5. Farms located near towns sell at higher prices per 
acre than farms at a distance. Farms within one mile of 
Maryville sold for 3.27 times the county average price in 
the 1947-56 ten-year period. Farms between one and two 
miles from Maryville brought 2.17 times as much per 
acre as the county average. At distances between four and 
five miles, the price per acre was only .87 of the county 
average. 

6. The farms that have been offered for sale have been 
owned by non-farmers or farmers who were selling because 
of disability or desire to retire, to settle estates, or owners 
who did not believe that income from the farm would be 
comparable to returns from other investments or in other 
industries. 

7. Most of the people who sell land do not attempt 
to forecast future land prices. Buyers are concerned about 
future trends. 

8. Many of the people who have sold land have of
fered to loan a substantial part of the purchase price to 
the buyer. Insurance companies were the next most im
portant source of credit. 

9. Approximately one-half of the buyers were farmers 
who were looking for a home and a business or were ex
panding their operations. 

10. The price at which land was offered for sale usu
ally was arrived at by comparing the farm with a recent 
sale in the community. Very few buyers made a detailed 
income analysis to determine the price they could bid for 
the place. 

11. Sales were made more often at the buyer's bid 
price than at the seller's offering price. 

12. In most sales only one buyer placed a bid on the 
property. Where there was more than one bidder, the sale 
price usually was between the first offer and the first bid 
price. The land market did not behave at all like an auc
tion. 

13. Real estate dealers were important in bringing 
buyers and sellers together, in drawing up contracts, and 
in making financial arrangements that were suitable for 
both parties. (Project 61) 

How Young Families Get Started in Farming 

Frank Miller, T. L. Jones and Regional Coordinators: F. J. 
Reiss, University of Ilfinois, Don Kanel, University of 

Nebraska, Marshall Harris, University of Iowa 

The first phase of the study has been completed. The 
investigation included interviews with 25 families in each 
of seven areas of the state where the following enterprises 
were dominant: 

1. Beef breeding herds 
2. Poultry 
3. Cash grain 
4. Cattle feeding and hogs 
5. Fruits and vegetables 
6. Dairy 
7. Cotton 
The data showed that 135 of the 175 families inter

viewed started farming as tenants. Thirteen started as 
part owners and 27 as owners. Family assistance helped 
82 percent of them to get started. The assistance was in 
the form of gifts of cash, livestock, land and equipment; 
the loan of machinery and the co-signing of notes. 

The 175 families had increased their net worth an 
average of $1,142 a year in terms of money with uniform 
purchasing power. 

The most important factor contributing to the suc
cess of these families was the size of the business with 
which they started. 

Graduation from high school and farm experience 
appeared to be adequate training for success. Operators 
who had attended college did not increase their net worth 
at a more rapid rate than high school graduates. 

Type of farming at the outset made some difference 
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in rate of capital accumulation, but the differences be
tween types were not statistically significant. 

Type of tenure made no difference in the rate of capi
tal accumulation. 

The year in which the business was started (between 
1945 and 1955) made no difference in the rate of capital 
accumulation. 

The findings lead to the following general conclus
lons: 

A young man who wants to farm can make a suc
cessful start in any part of the state, under anyone of the 
customary tenure arrangements, if he can set up a busi
ness that is large enough to permit efficient use of land, 
labor, and capital. If he cannot start with an adequate 
business, his chances of success are limited. 

OBJECTIVES: 

A. To reveal the procedures that successful families used 
in getting started in farming between 1945 and 1955. 

B. To determine the factors that led to their success, such 
as: 
1. Types and sizes of farm business they used. 
2. Amount of investment required. 
3: The influence of educational training and previous 

experience on success. 
4. The extent and importance of family assistance. 

C. To measure their financial success in terms of average 
annual gain in net worth. 

The second phase of the study includes a determina
tion of the financial progress of farmers who started farm
ing in 1953. The Missouri Station is cooperating with the 
Iowa Station in this phase .. The field work has been com
pleted in Missouri. Field schedules obtained from 71 
farmers have been edited and the tables outlined that will 
be used in the analysis. The code for tabulating the data 
is almost completed. 

The information obtained in this phase of the study 
will be combined with the results of the first phase in 
preparing a manuscript for publication. (Project 279) 

Efficiency of Livestock 
Marketing in Missouri 

Elmer Kiehl, C. L. Cramer, Durward Brewer 

REPORT OF PROGRESS: 

The major emphasis this fiscal year was to deter
mine the role of marketing agencies in the problem of 
daily fluctuations of receipts of livestock at major live
stock markets. A sample of 200 livestock truckers and 79 
commission firms at the St. Joseph, Kansas City and St. 
Louis public terminal markets was interviewed. These 
data are now being analyzed. In addition, analysis con
tinued on the data obtained at these same markets on 
daily receipts of hogs and cattle. Also disposition of 

receipts have been analyzed to determine whether or not 
the skewed pattern of receipts arises from the nature of 
disposition of saleable receipts on particular markets. 
This station is coordinating the collection of similar data 
from other states in this region and will develop a region
al report. (Project 7) 

A Study of Grade-Price Quotations for Eggs and 
Poultry 

J. D. Miller, Q. D. Banks 

OBJECTIVES: 

A. To determine the extent to which price-grade quota
tions for poultry products in the terminal market re
flect the actual prices paid in the termilzal markets, 
the prices paid producers, and the prices at the retail 
level. 

B. To determine the use and adequacy of terminal market 
quotations. . 

C. To determine buying practices and services rendered by 
marketing agencies as they relate to pricing poultry 
products. 

REPORT OF PROGRESS: 

Major conclusions of this study indicate that, al
though buying stations use terminal market prices as a 
basis for price determination, they neither establish prices 
at the terminal market level minus transportation cost 
nor are consistently above or below terminal market 
prices. The local supply and demand situation plays a 
dominant part in the price level in any community. The 
relative position of supply and demand in an area will 
result in local prices either being above or below terminal 
market prices depending upon the surplus or deficit posi
tion of the eggs in the community. The surplus or deficit 
position in a community is seasonal. 

This study indicates that different services and prac
tices of buyers have little to do with the price level of their 
particular buying station. This study does not resolve the 
question of price level. 

It was found that the average price movements of 
several country buyers closely correlated with the average 
movements in the terminal market on which they based 
their price. 

It also indicated that an improved price reporting 
system is needed. (Project 67) 

Consumer Acceptance and Preference For 
Meat and Meat 'Products 

Elmer Kiehl, O. R. Johmon, B. H. Frame, 
V. J. Rhodes, Max Jordan, G. C. Hankins 

REPORT OF PROGRESS: 

1. Analysis: A detailed statistical analysis has largely 
been completed of the large eating experiments in St. 

-15-



Louis which were conducted last year. 
2. Publications : The 5 publications listed above were 

written and published. In addition, a Ph.D. thesis has 
been largely written by Professor Kiehl. 

3. Exploratory Panel: Our previous findings have 
been mainly concerned with short loins. Forty households 
in Columbia are cooperating in panel-evaluating the retail 
cuts from 20 hindquarters and 20 forequarters . An ap
praisal card is packaged with each cut. Grades represented: 
4 Good, and 4 Standard forequarters, 4 Good and 4 Stand
ard hindquarters, 12 composite forequarters , and 12 com
posite hindquarters. "Composite" quarters are composed 
of Choice, Good, and Standard cuts. 

While the numbers are small, this panel should pro
vide some tentative conclusions about the relation of 
carcass grades to the acceptability of all beef cuts. Our 
previous consumer acceptance research has utilized only 
short loins. 

4. Merchandising: The proportion of stores in Kansas 
City merchandising two or more beef grades is being 
estimated by a sampling study of about 125 stores. Re
sults are not yet available. 

SOME CONCLUSIONS REACHED INCLUDE THE FOLLOWING: 

1. Fat, as such, is undesirable to most consumers. 
2. The fattening of cattle may not add as much to 

the desirability of the lean as was once thought. 
3. A better way of grading beef is needed. 
4. The U.S.D .A. grades of pork are probably not 

useful consumer grades. (Project 86) 

Costs and Returns in Producing Corn 

O. R. Johnson, B. H. Frame, e. R. Moore, 
. S. W. Spangler, Mac Allen Edwards 

OBJECTIVES : 

A. To summarize cost and yield data of corn on putnam 
and mexico soils for crop years of 1953, 1954, and 
1955. 

B. To summarize data to determine the response of crops 
to fertilizer carry over from the preceding corn crop. 

e. To summarize data on the effect of factors other than 
fertilizer on corn yields, such as date of planting, rate 
of planting and preceding crop grown on land. 

D. To summarize time required and'costs for the various 
tillage and harvesting operations in growing the corn 
crop. 

REPORT OF DETAILED RESULTS : 

(1953) Ninety one records were taken in 1953. Costs per 
acre for machinery and labor in growing the corn crop 
were $12.61. Costs for harvesting and ctibbing were $8.16 
per acre. Results of the increase in com .yields from the 
lower levels of fertilizer applications. were profitable. 
Medium to heavy applications were hard to justify and 

appeared unprofitable in 1953. The year 1953 was much 
too dry for maximum corn production. 

(1954) Ninety three records taken in 1954. Due to the 
extreme heat and drouth corn yields averaged only about 
5 bushels per acre regardless of the amount of fertilizer 
used. The only factor checked other than climate affect
ing yields this year was date of planting. The late plant
ed corn escaped being at a critical growing stage during 
the worst drouth and heat period. This year (1954) data 
were secured on other crops that were planted on the 
fields that were in corn in 1953 to check the response of 
fertilizer carryover. 

(1955) Ninety farm records were secured in 1955. These 
records contain information on 242 individual fields grow
ing corn. Records were secured on fields which were in 
corn in 1954 and planted to some other crop in 1955 to 
secure data on fertilizer carryover response. 

All data have been summarized into table form for 
detailed analysis . The costS and returns in growing corn 
project should be completed by June 30, 1957. 

Ninety farm records were obtained in Osage County, 
Missouri, for the calendar year 1955 . One phase of this 
study consists of an analysis of the improved practices 
carried out on each farm enterprise. The effect of im
proved practices on efficient production will be deter
mined. This anal ysis work is now in progress. 

An illustration of the type of information being de
rived from this phase is given below: 

Percent of Maximum Possible 
Recommended Practices Used 

All 
Farms 

Enterprise (Percent) 

Poultry 61.8 
Hogs 47.8 
Beef Cattle 46.4 
Dairy 64.3 

Totals 54.4 

Group I - Average farm 

Group I 
(Percent) 

55. 6 
47.4 
42.6 
53.1 
49.2 

Group II 
(Percent) 

70.5 
48.4 
53.8 
74.5 
61.7 

Group II - Farmers who have belonged or do now belong 
to a Balanced farming group. 

The percent of recommended practices being fol
lowed by both the Balanced Farming group and the con
trol group have been calculated. The relationship be
tween the percentage of recommended practices being 
followed and efficiency of production is in process of be
ing determined. 

A second phase of this study consists of an analysis 
of the financia.1 records of each farm .. The effect of size 
of farm, type of-enterprises, and other related measures 
upon farm inco~e will be determined. Analysis work in 
this phase has not yet reached a stage where any signifi
cant relationships can be established. (Project 110) 
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Changes In The Character Of The 
Farm and Factors Affecting Individual Farm Earnings 

0. R. Johnson, P. H. Bebermeyer, C. R. Moore 
S. W. Spangler, H. D. Friese 

OBJECTIVES: 

A. To keep currently informed on trends in earnings of 
farmers in various types of farming areas in the state 
and for different systems of farming. 

B. To identify changes which may develop in the effect 
of size of the farm business unit, its organization, and 
productive efficiency on farm earnings. 

C. To keep abreast of changes in capital requirements for 
various types and sizes of farm business units and crop 
and livestock enterprises and developments in operating 
systems. 

R EPORT OF PROGRESS INCLUDING DETAILED RESULTS: 

A total of 245 farms records for the year 1955 were 
summarized and analyzed. These records were kept by 
cooperating farmers throughout the state. The work was 
carried on under a cooperative arrangement with the Mis
souri Agricultural Extension Service. Total farm and 
family earnings for alJ farms averaged $307l. When in
terest on capital and unpaid family labor were deducted, 
the returns to operators labor and management averaged 
$657. Farms were grouped by type of farm organization 
into 10 groups. Forty-five grain farms had an average re
turn to operator's labor and management of $1525-the 
highest of any group. Dairy farms afforded the next high
est return to the operator's labor and management, aver
aging $1306. Least successful by this measure were hog 
farms with an average return of $-580. This reflects the 
unfavorable corn-hog ratio that existed during 1955. 

These records reveal the high capital requirements 
necessary to operate a farm business. The total capital 
managed by ell,ch farm averaged $36,844. It also shows 
the relatively slow capital turnover. Total cash receipts 
per farm averaged $10,016. Even if aU cash receipts were 
applied to the capital account, it would require roughly 
3.7 years to replace the capital invested in the business. 
Investment in land made up roughly 60 percent of the 
total investment. Livestock, machinery and equipment 
and feed, seed and supplies, accounted for 21, 12 and 7 
percent respectively. About 2.3 times as much productive 
work was devoted to livestock enterprises as compared to 
crops on the average farm in the group. (Project 112) 

Measuring and Appraising the Impact of 
Agricultural Price and Income Policies Upon 

Producers, Marketing Agencies, and Consumers 

0. R. Johnson, Elmer Kiehl, B. H. Frame, 
J. W. McKinsey, Gordon Nance 

OBjECTIVES : 

A. 1. To continue the compilation of production and 
prices for major farm products as these are reported 
for the State of Missouri and North Central Region. 
2. To assemble production and price control data as 
they relate to Missouri products. 

B. To compare these data with national statistics covering 
the same products. 

C. To continue the search in our libraries for pertinent 
material in its chronological significance relating to 
policies and changes in policies having to do with sup
ports and production adjustment regulations. 

REPORT OF PROGRESS : 

With the addition of Mr. Nance to our staff and by 
providing him with adequate clerical assistance we have 
succeeded in bringing up to date the tabulation of pertin
ent data amounting to about 90 percent of the field to be 
covered. A statistical summary is the next step. This sum
mary has not been completed by January 31, 1957. It 
should be completed within the next work year with the 
possible exception of the source information which we 
have not yet located to our satisfaction. (Project 115) 

Marketing of Meat and Meat Products 

Elmer Kiehl, R. J. Reid, N. K. Wilson , C. H. Braschler 

OBJECTIVES: 

Two objectives were supported by the work of the cur
rent year. First, to describe the non-federally inspected meat 
packing induJtry in the state and second, to determine 
present and potential demand for meats among negro con

sumers. 

REPORT OF PROGRESS : 

Two separate studies have been made. The purpose 
of the first was to describe the non-federaUy inspected 
packing industry in Missouri and to point up some of its 
problems. Personal interviews were obtained at 40 of the 
41 plants. Labor inefficiency, lack of adequate state inspec
tion, and obsolete plants were the major problems. 

The industry is growing. Almost all sales are to re
tailers. Advertising expenditures per firm ranged from 
nothing to $42,000. Pricing is generally on a cost-plus 
basis in adjustment to competition. Price quotations of 
the Chicago Provisioner were received by 27 of the 40 
firms. 

The purpose of the second was to discover the rela
tive consumption of various CutS of pork and beef of the 
5000 negroes living in Columbia. A sample of 104 house
holds supplied meat consumption data for two weeks. In 
addition, the purchases of 139 negro shoppers were in
ventoried. These studies qualify some assumptions about 
the popularity among negroes of pork and chicken. They 
also indicate that the negroes ate chiefly the cheaper cuts 
of beef while eating all cuts of pork. Thus, the mean cost 
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per pound of beef was $.45 as compared to a U. S. Aver
age Retail Price of $.71 (Choice Grade) the mean cost 
per pound of pork was $.44 as compared to a U. S. Aver
age Retail Price of $.48 (Project 150) 

The Change In Demand-Supply Relationships 
of the Dairy Industry in Missouri 

J. N. Smith, E. L. Tipton, S. P. Whitted 

OBJECTIVES: 

A. Ascertain the extent and direction of the development 
of the dairy industry in Southeast Missouri. 

B. Ascertain the extent and direction of the development 
of the dairy industry in Northeast Missouri. 

RESULTS : 

A. Dairying is not a major farm enterprise in this 
part of Missouri. Milk production per cow is below the 
state average and has been falling further behind during 
recent years; 1940-3.8 percent below; 1950-5.9 percent 
below. The number of dairy cattle in the area is increas
ing but at a very slow rate ; an average rate of 1;5 percent 
per year since 1900. The number of beef cattle in the 
area is increasing at about the same rate as in the state; 
at an average rate of a little over 1 percent per year since 
1900. Since 1939, the sale of dairy products has been con
tributing a smaller percent of the total farm income in 
the area. Since 1920 the number of farms reporting milk 
cows-nas declined but the number of cows on each re
porting farm has increased 37 percent. More of the dairy 
production of the area is being marketed as whole milk 
and less as cream. In line with this trend, the number of 
pick up routes in the area is increasing; in 1945 there 
were 73 routes in the area, in 1954 there were 98. 

The average size of farm in the area is increasing at 
a more rapid rate than in the state as a whole. From 1920 
to 1950 the average size of farm in the state increased 
from 132.2 acres to 152.7, while in the area for the same 
period the increase was from 138.3 acres to 182.9. 

During the period 1920 to 1950 the population of 
the area decreased 18 percent as compared to an increase of 
27 percent in the state. 

B. Although dairying is an important source of farm 
income in the area, it is unlikely that it will become a 
major enterprise. Cash crops yield a higher return on the 
delta lands of the bootheel area, and the grazing lands of 
the Ozarks upland area are used more for beef produc
tion. Most of the milk cows in the area are in the tier of ' 
counties along the Missouri River. 

Population in the rural portion of the area is increas
ing at about the same rate as for the state as a whole, 
while the population of the St. Louis urban area is in
creasing at a more rapid rate. 

Production per cow is lower in this area than the 
average for the state as whole. Farm bulk tanks and bulk 

handling are beginning to be used in this area. In 1954 
there were five bulk tank pick-up trucks. This number 
increased to 11 in 1955. In 1955, one plant in the area re
ceived 100 percent of its milk in this form. (Project 167). 

Impact of the Expansion of Milk Distribution Areas 
Upon Competitive Practices and Patterns 

Distribution 

O. R. Johnson, B. H. Frame, J. N. Smith, E. L. Tipton, 
S. F. Whitted, Horace Armstrong 

OBJECTIVES: 

A. Identify and appraise factors responsible for changes 
in milk distribution areas. 

B. Investigate technological innovations in assembly of 
milk and attempt to formulate means whereby these 
may be most effectively integrated by the industry. 

e. To develop information and analyses which will aid 
dairy companies, producers' cooperatives and others in 
evaluating the desirability of various methods of pro
viding facilities and institutional arrangements for 
efficient handling of surplus milk. 

RESULTS : 

A schedule has been developed and taken for most 
of the markets with a population of 10,000 or more in 
Missouri. Those markets not yet covered are in the pro
cess of being surveyed at the present time. Information 
secured reveals the quantity of milk received in these 
markets, the products manufactured from it, methods of 
handling milk in excess of bottling needs and methods of 
pricing this surplus milk. (Project 199) 

Economic and Technical Feasibility of Retail 
Distribution of Frozen Meats 

O. R. Johnson, E. A. Jaenke, B. H. Frame, Elmer Kiehl, 
R. e. Maxon, V. J. Rhodes 

REPORT OF PROGRESS: 

To obtain the current facts concerning frozen meat 
merchandising and the attitudes of retailers , a sampling 
study has been conducted of 80 small, independent stores 
and 45 large (annual sales over $250,000) independent 
and chain supermarkets. The divisional frozen meat mer
chandisers of several chain and cooperative wholesale 
organizations have been interviewed. 

Preliminary results indicate that frozen meats obtain 
only about 2 percent of total frozen cabinet space. More
over, frozen meat sales are considerably less than 1 per
cent of fresh meat sales. 

Convenience is listed as the chief reason why con
sumers purchase frozen meats while price, quality, and 
the lack of sales promotion are the principal reasons why 
sales are not larger. 

While the amount of frozen cabinet space is slowly 
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increasing, the entry of many new frozen products (par
ticularly pastries) has intensified the competition for dis
play space. 

Small retailers are generally indifferent or even op
posed to frozen meats. There is greater interest among 
merchandisers of the larger firms , but there is little en
thusiasm about either the price or quality of most frozen 
meats now marketed. The consensus appears to be that 
very little more of their scarce cabinet space will be al
located to frozen meats until they show a return compar
able to other frozen products. 

The merchandising of frozen meats in Missouri is 
progressing extremely slowly. This lack of obvious suc
cess is discouraging innovation in frozen meats by others. 
One of the problems is a lack of information about con
sumer and retailer problems and preferences. The infor
mation obtained in this project should be useful. (Proj
ect 215) 

Economic Significance of Pork Grades in Relation 
To Consumer Acceptability and Preference 

Among Retail Cuts 

Elmer Kiehl, K. R. Lehman, V. J. Rhodes, 
Curtis Braschler, M. F. Jordan 

REPORT OF PROGRESS: 

A large sales experiment was planned and conducted, 
and the results have been largely analyzed. This experi
ment tested the feasibility and merchandising potential 
of two classifications (grades) of several pork cuts. 

Products tested: "Select" and" Regular" cured ham 
shanks, cured ham slices, and rib and pork roasts were 
tested. Select products were a specially lean, meat-type 
classification defined by picture standards for cut hams 
and loins which were developed last year. Regular prod
ucts were consistently fatter products than the Select and 
were representative of the pork currently merchandised in 
Kansas City. Products were selected in the Wilson & Co. 
plant at Cedar Rapids, Iowa. The backfats of about 9000 
carcasses from hogs weighing 200-220 pounds were mea
sured and hams and loins were selected from these for 
the tests. 

Experimental plan: A rotational latin-square type de
sign with matched-lot displays was used in 14 Safeway 
supermarkets in Metropolitan Kansas City. The experi
ments were conducted throughout the day, every day of 
the week from June 4 to August 6, 1956. These experi
ments were constantly supervised by 1 to 3 members of 
the staff. 

According to the design, there was sometimes no 
difference in price or -labeling of the 2 products, displayed 
side by side. This tested the ability of the shoppers to 
discriminate in selection without aid of price or label. 

The remaining time the Select product carried a small 
(1" x 1 W') label reading "Selected Meat-Type Pork", 
and was priced 4 cents a pound above the Regular. 

RESULTS : 

In general, the Select (lean) products sold as well as 
the Regular when priced higher, indicating that about 
one-half of the shoppers were willing to pay a 4 cent pre
mium for lean pork. 

The Select (lean) products sold faster than the Regu
lar when priced the same. Observation of shoppers and 
these sales results show that a majority of shoppers did 
"find" and buy the leaner products when they were not 
identified by price and label. 

The ration of Select and Regular sales of ham shanks 
increased throughout the period as shown by the follow
ing ratios: 

Dates 
June ll-June 24 
June 25-July 8 

July 9-July 22 
July 23-Aug. 5 

Shanks Select: Regular Sales 
.93:1 

1.02 :1 
1.23 :1 
1.41 :1 

These ratios are based on the sales of about 36,000 
pounds of ham in 14 supermarkets. 

Head meat cutters of these stores were quite enthu
siastic about the sales potential of the leaner shanks. It 
is understood that Safeway is continuing small scale tests 
of merchandising lean hams and loins. (Project 216) 

Consumer Preference for Egg Quality Criteria 

B. H. Frame, O. R. Johnson, J. D. Miller, L. D. Bender, 
Ralph Franklin 

OBJECTIVES: 

A. To determine by sampling what proportion of the con
sumer population detects noticeable differences between 
two or more grades of eggs. 

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

REPORT OF PROGRESS-INCLUDING DETAILED RESULTS : 

Samples of households were drawn in Marshall and 
Windsor, Missouri. Interviews have been completed. The 
interview consisted of two phases. Phase 1 was consumer 
preference for interior quality of shell eggs, and phase 
2 was consumer preference of shell characteristics. The 
data have been tabulated and are in the process of being 
analyzed. 

The respondents were shown three broken out eggs 
and asked to rate each egg on a ten point scale. The dis
tribution of first choices derived from the ratings of 190 
consumers is as follows: 
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Grade or grades 
ranked first. A B 

Number of re-
spondents. 104 33 

Percent of 
respondents. 54.7 17.4 

There were 19 no responses for various reasons. Of 
those respondents who ranked A first , 84 (80.8 percent) 
stated freshness as one reason for their choice. 

It is interesting that the distribution of the grade of 
eggs purchased by the 190 respondents was A·21.1 per
cent, B-12.6 percent, and unclassified 62.6 percent. About 
50 percent of the respondents purchased eggs direcdy 
from the farmer, either at the farm or by farm delivery. 

The respondents were asked to rate eggs with vary
ing degrees of cleanliness, texture, and shape. These 
ratings were converted into rankings. The percent of first 
choices were as follows: 

Per Cent First Choices 

Grade Category* 

A 
B 
C 

Combination of two 

Shape 

48.0 
15.1 
9.9 

Texture 

85.5 
5.3 
.7 

Cleanliness 

BO.3 
5.2 
5.2 

of A, B, or C. 14.5 3.3 .7 
A, B, C, Same 12.5 5.2 B.6 

* Corresponds to U.S.D.A. descriptions. 
There were wide variations in the distribution of 

first choices. between grade categories in each class. Fur
ther analysis must be made of the data before any definite 
conclusions can be drawn regarding the implication to 
grading standards. (Project 228) 

Extent of Use of Farmer's Cooperatives, Services 
Performed, Problems Confronted 

J. D. Miller, Q. D. Banks 

OBJECTIVE : 

To ascertain the use of cooperatives by farmers. This 
objective to include products marketed, reasons for using 
cooperatives, and percent of total volume in the area han
dled by cooperatives. 

PROGRESS REPORT : 

A total of 420 farmers were interviewed in four 
counties representing three economic areas ~f the state 
namely: Callaway, Ralls, Saline and Bollinger. Prelimi

nary results of the tabulation and · analysis i~dicated that 
74 percent of those interviewed said they were membe~~ 
of a cooperative organization. Of those indicating mem
bership, 25 percent stated they were members ' qf.~.~-4 ... 
power distribution cooperatives, 22 perceJ?t ingc.:I?-.er~ 
purchasing and marketing cooperatives, 1~ percef\t in 
insurance and 11 percent in elevator cooperatives Three-

Some combina-
tion of two of A,B,C No 

C A, B, or C. Same response. 

11 14 9 19 

5.8 7.4 4.7 10.0 

fourths of the members became members through partici
pation. The main reason for joining was reported as the 
need for the service of the cooperative. Approximately 9 
percent of members had served as directors while 54 per
cent attend annual meetings. Relative to information con
cerning cooperatives, 48 percent said that cooperatives 
pay taxes but the most frequent answer as to sources of 
finances for cooperative was , "don't know." 

The products sold through cooperatives listed in 
order as follows : Grain, seed, poultry, dairy products and 
livestock. Fifty-three percent bought feed and 45 percent 
bought fertilizer from their cooperative. Only 3 percent 
of the non-members stated that they were opposed to co
operative action. (Project 254) 

Adjustments in Farm Organization in Dairy Areas 
to Meet Conditions 

B. H. Frame, Otis Miller 

OBJECTIVES: 

A. To obtain information, by means of detailed farm 
survey records, regarding the profitableness of various 
types of farm organizations. 

B. To obtain information which could be used to adopt 
more profitable practices and methods on dairy type 
farms. 

REpORT OF PROGRESS: 

Seventy eight additional survey income records were 
secured during the year. These records were obtained in 
the intensive dairy type farming counties of Christian and 
Lawrence in Southwest Missouri and were for the calen
dar year of 1956. We have not had sufficient time to do 
any work on analyzing the records but it was very appar
ent while taking the sample that the general type farm in 
this area is almost a thing of the. past. The original sam
pling plan was to deliberately take D.H.LA. farms and 
for each such farm to take the nearest non-D.H.LA. farm 
producing grade A or grade C milk depending on whether 
the D.H.lA. farm prqduced gradeC or grade A milk (i.e. 
the other g,rade from the D .H.LA. farm) and also. to .take 
the nearest non-dairy farm. The plan did not work. per-. 
fecdy. It was, especially difficult to find general rype farms. 
Generally the. occupant. of non-dairy type farms was work
ing in Ozark 9f Sprif).gfield. A few poultry farms .and ;llso 
large fa,rms producing stocker.cattl~ were found but they 
were too few to be used. (Project 256) 
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Marketing Missouri Vegetables 

B. H. Frame, J. c. Grady, J. W. McKinsey 

REPORT OF PROGRESS : 

One hundred complete and usable schedules were 
taken in the following areas of Missouri : St. Louis, South

east, Southwest, and Kansas City. A wide variation exists 
in the per acre yields among the various areas as well as 
within the individual areas. Much of this variation can be 
accounted for by the difference in the amounts of irriga

tion used. Southeast Missouri makes use of more com
plete irrigation than any other area on outside produc
tion. The yields in each area vary from 10 to 50 percent 
or more on irrigated land as compared with non-irrigated. 
~upplemental irrigation was as beneficial as complete on 
some crops. 

Many methods of marketing the products were given, 
but a majority of the producers either sold to or through 
commission firms. Other first buyers of products were as 
follows : Retail markets, chain buyers, grower-shippers, 
resident buyers, processors, hucksters, and through farm
ers' markets. One of the most serious handicaps of mar

keting vegetables in Missouri is the failure to standard
ize the product. Another serious problem is the lack of 
cooling facilities to take field heat out and to keep the 
product cool after harvest to prevent fast deterioration. 
Most producers indicated that they marketed the same 
day in which it was harvested. However, a matter of 4 or 
5 hours can seriously affect vegetable products in hot 
weather. Thi s lack of cooling has caused a shorter shelf 
life for the product and lessens the appearance of the 
product when it is displayed. 

The study indicates that only two areas are likely to 
expand production. The major reason for this belief is 
that according to prices of land values in the Kansas City 
and St. Louis areas there can be little expansion of vege
table production in the immediate area, and few if any of 
the producers can continue to produce on land priced as 
high as $7500 an acre. The St. Louis area is constantly 
shrinking in terms of numbers of vegetable producers 
because of this. The two areas that are likely to expand 
vegetable production are the southeastern part of Mis
souri and the southwestern part of Missouri. All indica
tions are that there will be considerably more growth in 
the southeast than in the southwestern area. Southeastern 
and southwestern developments will depend to a large 
extent upon the market structure that is established in 
the areas in the coming years. (Project 262) 

An Analysis of The Changing Patterns of Livestock 
Markets in Missouri 

Elmer Kiehl, Durward Brewer 

PROGRESS REPORT: 

The phase of work contemplated for the current year 
was the taking of schedules from nearly 600 farmers in 
the state to determine the importance of various livestock 
marketing channels ; the motivating factors and attitudes 
of farmers which influence their choice of markets. A 
stratified geographical segment sample was drawn. The 
questionnaire to be used in this survey was tested at the 
different stages of development. Field work began Janu
ary 2 after 20 interviewers were trained in interviewing 
procedures. Data are being collected on the basis of the 
respondents 1956 marketing patterns. Approximately one
third of the interviewing has been completed. Preliminary 
analysis is proceeding concurrently as schedules are be
ing completed. State data will be furnished the Regional 
Committee for regional analysis. However, the sampling 
procedure used will make possible an independent state 
analysis. (Project 289) 

Cotton Marketing in Missouri 

J. W. McKinsey, D. M. Harrington, W. R. Summitt 

REPORT OF PROGRESS: 

Work during the past year has consisted of process
ing and partial analysis of data collected for the three 
marketing seasons reported in earlier reports. There is a 
regional publication in process. 

Data from all states in the region were processed 
centrally, and Missouri data will be returned to our sta
tion when the regional manuscript is completed in the 
near future. (Project 65) 

Problems of Grain Marketing and Grain Storage 

B. H. Frame, J. W. McKinsey, J. c. Grady, 
D. N. Harrington 

PROGRESS REPORT: 

A. A master's thesis was written using information 

obtained on schedules NCM-10-B-1. 
Band C. Data obtained on the schedule NCM-lO

B-1 were tabulated and analyzed in a master's thesis. 
Coding of the schedules NCM-1O-B-2 was completed, 

checked and mailed to Iowa State College for Analysis. 
The analysis of these data has just begun and results 

are not yet available. 
The receipts of grain in the Springfield and Sikeston 

Terminal Markets for the years of 1945 to 1954 have 
been collected, the coefficient of variation over months 
and years by each grain in each market were computed 
and mailed to Ames, Iowa, in compliance with the plan 

on Project NCM-10-B-3. 
An estimate was made of the CCC-approved crib and 

bin storage facilities on Missouri farms in 1955, and of 
the storage facilities built in each of the years 1952, 1953, 
and 1954. The estimate ~as made by sampling two coun-
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ties in each of the nine crop reporting districts, by mail 
questionnaire. A sample of 540 farms was used; approxi
mately 75 percent responded. (Project 179) 

Effects Of Fire on Insurance and Ginning Costs 

J. W. McKinsey, D. M. Harrington 

REPORT OF PROGRESS INCLUDING DETAILED RESULTS: 

A. Information on gin equipment and fire preven
tive devices was obtained from 147 out of 169 gins of 
southeast Missouri. 

B. Using the data obtained in (a) , a stratified sample 
of 59 gins was drawn. The stratification was by type of 
equipment and by preventive devices. These gins reported 
on fires at the time of occurrence giving the extent of the 
fire, the number of the bales involved, the point where 
the fire was first detected, the cause, duration of the fire, 
clean-up time, number of men in labor force , and esti
mated loss in machinery, buildings, and cotton. These 
reports were tabulated. 

C. Two hundred and ten fires were reported by the 
59 gins from August, 1956 to December, 1956. The esti
mated total cost of damage by fires was : $425 in machin
ery, $5,308.50 in buildings, $14,268.55 in cotton, and 
$1,961.06 in the value of ginning time lost. Of the 210 

* * * 

fires reported, 28 caused damages above $100. One hun
dred and thirty-seven caused less than $100 damage. Forty
one caused no damage, and four no answer. 

Twelve of the 59 gins saved objects removed from 
seed cotton by magnets and green boll taps. These were 
classified and weighed at various points throughout the 
season. (Project 288) 

Economic Analysis Of The Marketing Of Grains 

J. W. McKinsey, D. N. Harrington, W. R. Summitt 

Prices of wheat, soybeans , corn and oats in the 
Kansas City and Chicago markets , 1955 and 1956, have 
been tabulated. 

A list of the population of the Missouri country 
elevators and volume of grain handled was compiled by 
using the list obtained on NCM-1O-B-2 , a list obtained 
from the state statistician, and a list obtained from the 
state ASC office. 

Members of various grain marketing firms were con
sulted in the development of this study. 

The sample of country elevators has been selected, 
schedules for collecting data on pricing and trading prac
tices of country elevators have been prepared. (Project 299) 

* * 

Agricultural Engineering 
M. M. Jones, Chairman 

Corn Production Involving One-Year Rotations 
With Small Grain Under Irrigation 

R. ~ Be~ky, R. B. Cuny 
OBJECTIVES: 

A . To determine the effict of irrigation on such factors as 
crop yield, quality, germination, early growth rate, 
maturity date, and decomposition of crop residue in 
intensive one-year rotations. 

B. To determine irrigation practices and procedures best 
adapted to the production of crops in intensive rota
tions. 

C. To develop a more satisfactory method of irrigation of 
small plots. 

REPORT OF PROGRESS : 

Objective A 
To determine the effect of irrigation on such factors 

as crop yield, quality, germination, early growth rate, ma
turity date, and decomposition of crop residue in inten
sive rotations. 

The data reported here are for the second year of a 
detailed study on the effect of irrigation on corn in a one
year rotation under different methods of handling and 
under different levels of nitrogen. The first series of plots 
were handled as follows : 

1. Corn for silage after wheat for silage. 
2. Corn for grain after wheat for grain. 
3. Corn for grain after wheat for grain. 
4. Corn for silage after wheat for grain. 
S. Corn for grain after wheat for green manure. (On 

this group of plots the objective was to obtain 
maximum yield of a single crop.) 

On this series of plots three levels of irrigation were 
used: (1) Low level-no irrigation; (2) Medium level
irrigated when the moisture deficit reached three inches 
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in the first two feet of the profile adding sufficient water 
to remove the deficit; (3) High level-irrigated when the 
moisture deficit reached two inches in the root zone, add
ing sufficient water to remove the deficit. 

These plots all received the medium level of nitro
gen. 

On another series of plots of the same corn-wheat 
rotation, the crops were to be handled in the following 
manner : 

1. Corn for silage after wheat for grain. 
2. Corn for grain after wheat for grain. 
3. Corn for grain after wheat for silage. 
Two nitrogen levels were maintained on this series 

of plots, one higher and one lower than the level of the 
preceding series of plots. 

Two levels of irrigation were used, low level (no ir
rigation) and medium level (same as medium level in 
preceding series). 

The results are for only one year's operation and 
while they may indicate certain trends, no definite con
clusions are justified. 

Objective B 
To determine irrigation practices and procedures best 

adapted to the production of crops in intensive rotations. 
In determining when to irrigate, soil moisture deter

mination by soil sample and oven drying was used as the 
basic method. Three different gypsum type resistance 
units were also used to determine soil moisture. Very 
little correlation was found between the resistance of any 
of these units and the percent available soil moisture as 
determined by soil sampling and oven drying. The resist
ance in ohms of these units was plotted against percent 
available soil moisture. It had been planned to estimate 
when to irrigate using climatic data, but since one of the 
necessary factors in this computation is runoff, and time 
did not permit the installation of runoff measuring equip
ment this year, this method of determining when to ir
rigate was not used. 

Objective C 

To develop a more satisfactory method of irrigating 
small plots. 

In the 1955 growing season, the plots were irrigated 
with part-circle sprinklers which gave unsatisfactory re
sults. In 1956 different type and size of part-circle sprin
klers were used, as well as a different arrangement of the 
sprinklers. This gave somewhat better results, but still 
the distribution was not satisfactory for the control of the 
variable of water application on a research plot. Surface 
irrigation was tried but due to the small size of plots and 
the unevenness of the terracing, it was unsatisfactory. 
(Project 2) 

Soil and Water Conservation Management 

R. P. Beasley, M. M. Jones, R. B. Curry, D. D. Smith 

OBJECTIVES: 

A. Terrace design. 
1. To improve terrace construction techniques so that 

terraces with less curvature, with more accurate 
channel grade, and with less point rows may be 
comtructed. 

2. To determine desirable terrace spacing and grade. 
3. To determine terrace channel capacity required. 

B. To determine the effect of terraces on crop yield. 
C. To design a canopy inlet tube overfail structure. 

REPORT OF PROGRESS: 

A. Terrace Design (Midway Agricultural Engineer
ing Farm) 

1. A new technique in terrace construction has been 
developed by which terraces with less curvature, terrace 
channels with accurate grades and terrace systems with 
reduced point row area may be constructed. Approximate
ly 19,400 feet of terraces were constructed at the Midway 
farm as this new technique was being developed. The 
first terraces were constructed in 1954. Since that time the 
technique has been improved and the terraces constructed 
at a later date were made straighter and more nearly par
allel. 

The terrace lines were first staked out as if conven· 
tional terraces were to be constructed. The terrace lines 
were then restaked and constructed by the new technique. 
The terraces were constructed with a 1 % cubic yard scoop 
pulled by a 3-plow tractor. 

One of the criticisms of conventional terraces has 
been that they are often not constructed to grade which 
results in ponded areas in the channels. These wet spots 
cause a delay in field operations and often result in mir
ing and breakage of farm machinery. In the construction 
of the terraces by the new method, the grade of the ter
race is checked every 50 feet, against an undisturbed hub 
stake, which makes it possible to construct the channel 
to an exact grade. 

Row crops planted parallel to conventional terraces 
are often so crooked that it is difficult to farm them with 
modern machinery. 

Also, conventional terraces often have large num
bers of point rows between terraces, which necessitate 
additional turning in the field when plowing, cultivating, 
and harvesting. This not only takes more time, power 
and labor, but also reduces crop yielc!s. By this new meth
od, many of these point rows can be eliminated and some 
terraces can be made parallel, thus eliminating all point 
rows. This results in an appreciable saving in the time re
quired to produce a crop. 

The studies compare the percentage of area in point 
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rows between the terraces as constructed on the Midway 
Farm, with the area that would have been in point rows 
had conventional terraces been constructed. They also 
show the saving in time required for the production of a 
corn crop with the improved terraces over that which 
would have been required with the conventional terraces, 
as well as the additional investment that can be justified 
for the improved terraces, based on the saving in costs 
of producing corn. (Project 43) 

Influence Of Climatic Factors On Shelter 
Requirements Of Dairy Cattle 

R. E. Stewart, J. C. Wooley, T. O. Hodges, R. G. Yeck 

OBJECTIVES : 

B. Effect of Infrared Radiation on Heat Regulation Of 
Various Animals. 

D. Housing Requirements of Young Cattle As Indicated 
by Effect of High Environmental Temperature on 
Growth and Other Criteria. 

REPORT OF PROGRESS: 

B. With the conspicuous exception of the absence of 
rumen, rabbits are similar in most respects to European 
breeds of cattle in nutritional and climatic physiology. 
This investigation was to determine by comparative phys
iological and biochemical measurements, the desirability 
of the rabbit as a pilot-experimental animal to take the 
place of cattle in certain bioclimatic studies. 

Shorthorn, Zebu, and Santa Gertrudis heifers as used 
in the Climatic Laboratory for growth-temperature study, 
were selected for comparison with rabbit data during the 
growth at controlled temperatures (50° and 80° F); for 
comparison of mature rabbit physiological reactions to 
rising environmental temperature, previous data on Hol
stein, Jersey, Brown Swiss and Zebu cows were used. 

Heat production determinations were made by the 
following measurements : determination of resting me
tabolism together with associated functions such as thy
roid activity, feed consumption and heart rate. 

Heat dissipation determinations were made by such 
measurements as evaporative cooling (both surface and 
respiratory) and associated functions such as water con
sumption, excretory moisture loss, and non-evaporative 
cooling (by measuring animal-to-air temperature gradi
ents). 

The growth studies data showed that body weight 
gains were less in the Shorthorns and in the rabbits raised 
at 80° as compared to those raised at 50° F. Less differ
ences were observed between the Zebu and Santa Gertrudis 
raised at 50° and at 80° F. The heat production and thy
roid activity of both rabbits and calves were lower at the 
higher temperature (80° F). Pulse rate decreased in both 
species with advancing age. However there was an appar-

ent species difference in pulse rate in response to temper
ature-rabbit pulse was higher at 80° than it 50° , where
as calf pulse rates were lower at 80° than at 50°. 

The most efficient gains were made by the rabbits 
and calves in the early stages of life and declined there
after. Evaporative cooling in both species increased per 
animal with increasing age, but decreased when expressed 
per unit weight. In both species the evaporative cooling 
was higher at the higher environmental temperature. 

The data on temperature studies reveal that in both 
species a steep rise in respiration rate occurred at 75 ° F. 
There was abrupt increase in rectal temperature at around 
80° F. , with corresponding decline in feed consumption, 
heat production and thyroid activity. For the two species, 
the thyroid activity, heat production, and feed consump
tion data also indicated a striking parallelism. In rabbits 
as well as cows, the skin, hair, and air temperatures met 
at about 105 ° F environmental temperature, with rectal 
temperature at 106° F, which indicates little heat loss by 
non-evaporative means. Also, the partition of surface and 
respiratory evaporative moisture loss of rabbits and cows 
showed a remarkable similarity. 

Data on skin and hair temperature were taken on 
the beef-calf group previously studied in the Climatic 
Laboratory. Nine animals were placed in each chamber. 
There were three individuals of three breeds, Zebu, Short
horn, and Santa Gertrudis in each chamber. One chamber 
was maintained at 50° F, while the other was kept at 
80° F. Surface (skin and hair) temperatures were taken 
at about one-week intervals during a 14-month period 
of growth. 

In general, the results indicate a definite effect of 
weight on skin and hair temperatures. Skin temperatures 
decrease with advancing weight at both 50° and 80° F. 
Hair temperatures increase with advancing weight at 
80° F, bur decrease at 50° F. 

In October, 1956, a new set of calves was placed in 
the Climatic Laboratory. These represent three different 
dairy breeds: Holstein, Jersey, and Brown Swiss. Again, 
these animals are allowed to grow at 80° and 50° F, en
vironmental temperature. The usual measurements, such 
as weight gain, surface temperature, and bedding studies, 
are being made. It is too early to comment on the sur
face temperature data. It appears that the Holstein calves 
are not gaining as well at 80° as they are at 50° F. There 
do not seem to be any striking differences between cham
bers for the Jersey and Brown calves. 

Design OfF-arm Buildings And EquipmeIit To Meet 
The Needs And Conditions Of Missouri 

J. C. Wooley, T. O. Hodges 

OBJECTIVES: 

The continuing objective of this project is the design 
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and development of plans for farm buildings and equip
ment to meet the needs and conditions of the state. 

PROGRESS REPORT: 

During the past year plans were completed for a ma
chinery storage structure for the Agricultural Engineering 
farm and the building has been completed, except for the 
floor and a few minor details. Special features of the 
building are simple clear-span truss construction and a 
lower wall on one side of the building where high head 
clearance is not needed, for drop-off type implements. 
The latter feature is obtained by locating the pole supports 
such that a row of implements can be placed on either 
side of the poles, fully utilizing all the space without in
terference from the poles, and also so that no piece of 
equipment is ever made inaccessible by being behind an
other. The roof over the portion ourside the support poles 
is a cantilever extension of the standard roof trusses. The 
roof trusses are spaced ten feet apart. 

A plan for a pond water treating system, was de
veloped, from which an experimental unit is being built. 
After the filter has been thoroughly tested, the plans will 
be revised as needed and made available for distribution. 

A plan for an animal shade has been developed based 
upon research findings at the Missouri and other Agricul
tural Experiment Stations. Research has pointed out the 
detrimental effects of high air temperatures and of solar 
energy impinging upon animals. The shade is designed to 
minimize the net heat gain by the animals by protecting 
them from the sun's rays, while at the same time expos
ing them to the cool north sky. This is accomplished by 
orienting the structure east and west with the high side 
open to the north. The long overhang of the roof on the 
south side is provided to completely shade the area in 
the building and the louvers (which might be omitted in 
a well-grassed pasture) block out the rays which would 
strike the ground and be reflected to the animals. 

Advisory aid has been given to the Poultry Depart
ment in the development of plans for two poultry houses 
and to the Field Crops Department in the revision of a 
house plan. It is expected that one of the poultry houses, 
a turkey brooding house, will be adaptable to farmers' 
needs and can be made available through the Missouri 
Plan Service. (Project 71) • 

Environment Requirements For Farm Animal 
Shelters 

OBJECTIVES: 

J. C. Wooley, R. E. Stewart, 
M. D. Shanklin, C. N. Hinkle 

A. Moisture Production of Dairy Stables. 
B. Young Calf Housing. 
C. Insensible Weight Loss Measurement. 

D. Partitional Calorimeter and Radiant Cooling. 
E. Effect of Solar Radiation on Shelter Requirements of 

Cattle. 
G. Factors Affecting Absorption of Infrared Radiation by 

Cold Surfaces. 

PROGRESS REPORT: 

Between 1948-1954, studies in the Climatic Labora
tory concerned the effect of environment on mature, or 
nearly mature, cattle. These studies raised questions as to 

the environmental requirements for calves. 
Brahman, Santa Gertrudis, and Shorthorn breeds were 

selected for the first series of experiments. They were 
divided into three groups with three calves of each breed 
within a group. Their average age was about one to one
half months old. 

One group was placed in the 80° F room and an
other in the 50° room (or chamber) of the laboratory. 
The third group was kept in a fairly open shed with op
portunity for outside exercise. Each group was held in its 
respective environment for about 14 months. 

Results were as follows: The Shorthorn calves aver
aged nearly Y2 pound per day weight gain greater when 
raised at 50° as compared with those raised at 80°. This 
amounts to about 180 pounds per calf extra gain over a 
one-year period. The outside group of Shorthorns gained 
at a rate midway between the 50° and 80° groups. 

The Brahman and Santa Gertrudis showed their 
greater heat tolerance by doing almost equally well in the 
three environments. The Brahmans did slightly better in 
the 80° room. 

The Brahmans and Santa Gertrudis also showed 
greater heat tolerance than did the Shorthorns with re
spect to body temperature. Their rectal temperatures were 
only .3 to .40 higher at 80° than at 50°. By contrast, the 
Shorthorns averaged about 2.1 ° higher rectal temperature 
at 80° than at 50°. 

Raising calves at 80° as compared to 50° showed 
that, in general, the European breeds such as Shorthorn 
are severely handicapped by the higher temperatures, but 
that Brahmans or breeds with Brahman blood (Santa 
Gertrudis, for example) seem to do about as well at either 
temperature. European beef cattle need protection from 
high temperatures. (The report of project 136 has been 
greatly condensed due to lack of space). (Project 136) 

Forage Harvesting, Handling, Storage and Feeding 

M. M. Jones, c. L. Day, D. B. Brooker, T. O. Hodges, 
J. S. McKibben, Albert Miller 

OBJECTIVES: 

A. To study means of reducing spoilage in horizontal 
above-ground silos. . 
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B. To study equipment and methods of handling silage 
crops when harvesting and feeding. 

C. To study harvesting, processing, and feeding of hay. 

REPORT OF PROGRESS : 

A. Reducing spoilage in horizontal above-ground 
silos. 

There are three main areas of spoilage in horizontal 
silos. These are (1) at the surface, (2) along the side wall, 
and (3) the end ramps. An attempt was made to reduce 
the surface spoilage and spoilage in the end ramps. 

About one-fourth of the silo at the Agricultural Engi
neering Farm was covered with a plastic cover which was 
weighted down with sawdust, one-fourth of the silo was 
covered with sawdust two to four inches deep, the saw
dust being placed directly on the silage and the other 
half was left uncovered. 

There was no appreciable difference in surface spoil
age in three areas. The sawdust on the plastic cover caked 
and held the cover in place for a few weeks. Wind action 
eventually removed enough of the sawdust that air worked 
under the cover and caused as much spoilage as occurred 
on the uncovered area. Also, sawdust alone appeared to 
have little effect on spoilage. 

A plastic cover furnished to a farmer near Shelbina, 
Missouri was used on part of the surface of a silo, and 
the remainder of the silage was left uncovered. The cover 
was held in place with earth. In this instance, there was 
no spoilage under the cover, while there was about six 
inches of spoilage on the uncovered portion. It appears 
that plastic covers will reduce spoilage if some satisfac
tory method of holding the cover down can be devised. 

An earth ramp leading to the upper end of the hori
zontal silo on the Agricultural Engineering farm has ma
terially reduced the end-ramp spoilage. This particular 
silo has a three foot end wall across the upper end, and 
the ramp leading up to this wall is "humped" approxi
mately a foot higher than the wall at a distance of about 
three feet from the wall. Silage sloped off from the silo 
when it is full extends only to this "hump". This reduces 
the silage needed in the ramp to a negligible amount. 

Side wall spoilage was observed along three types of 
wall construction. There was no side spoilage along a 
wall of oak planks covered with heavy building paper. 
Spoilage was negligible along a concrete panel wall ex
cept at the crack between the panels where air entered 
the silage. Cattle refused to eat 'silage along a concrete 
block wall, leaving a layer about one foot wide. Analysis 
of the silage involved has been undertaken, but results 
are not yet available. (Report of project 138 above has 
been greatly condensed due to lack of space). (Project 138) 

Equipment And Procedures In Spraying For 
Control Of Weeds And Brush 

D. B. Brooker, R. E. Larson 

REPORT OF PROGRESS : 

Soybean Weed Control Studies. The results of three 
previous years' study of the use of rollers and smoothing 
devices to improve the action of pre-emergence herbicides 
were consolidated and analyzed. The analysis of these 
results corroborates our earlier conclusions that the soil 
smoothing devices have little or no influence on the weed 
control resulting from the herbicides included in the 
study. There was some variation between environments 
which could be attributed to the dryness of the soil at 
the time of planting. Under such conditions the yields 
tended to be increased due to improved germination be
cause of the compacting action of the roller rather than 
by any increase in weed control. 

Rotary Hoe Studies. Studies were run to determine the 
effectiveness of the rotary hoe as a method of weed con
trol in both rowed and drilled soybeans. In the drilled 
beans the treatments included timely, late, wet, and re
peated rotary hoeings with sub-treatments of DNBP and 
PCP (Na) herbicides. Treatments on the rowed beans 
included the rotary hoe in various combinations with cul
tivation. Sub-treatments were hand weeding, PCP (Na) 
and no additional weeding. The results of this study in 
the drilled beans indicate the most important aspect of 
the rotary hoe is the need for its timely use when the 
weeds are very small. A second result of this study shows 
this implement is about as effective in the "wet" soil as 
it is when the soil is "dry". The PCP (Na) sub-treatment 
in general gave the best yields and almost eliminated all 
the differences due to mechanical treatments. The DNBP 
severely injured the soybean stand and yields. 

In the rowed beans, the results indicated that it 
would probably require at least two rotary hoeings to 
replace one of a normal three cultivations. In general the 
sub-treatment of PCP (Na) gave results almost equal to 
hand weeding and eliminated the differences due to me
chanical treatments. 

Cultivation and Band Applications of Herbicides. A 
study was set up to determine the interrelation of three 
levels of c. ltivation and 12 inch band applications of 
herbicides including PCP (Na), DNBP, CDAA, and 
CPCpc. This study was conducted at the Lincoln Uni
versity Experiment Farm and at the Field Crops Farm. 
The results show that where weeds are a problem, in
creasing the number of cultivations will show an increase 
in yield. This increase was not present at the Lincoln 
University area where weeds were not a problem. The 
band application of PCP (Na) gave good control of 
broad leaf weeds and along with CDAA gave good con-
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trol of grassy weeds. In general the results would indicate 
the 12 inch band application of PCP (Na) plus two or 
three cultivations will prove to be the most practical 
method. 

Post-emergence Application Equipment. Studies were con
tinued in the effort to determine the best method for ap
plying post-emergence herbicides for control of late ger
minating weeds in soybeans. The three methods included 
in this year's study were boom mounting, drop pipe 
mountings and shields with drop pipe mountings. These 
methods were all used with 2,4-D, CMU, DNBP, dala
pon, PCP (Na) and Simazin. Because of dry weather, 
weeds were not a problem and as such the yield differ
ences tend to indicate only the actual effect of the herbi
cides on the soybeans. 

The results indicate the shields tend to give higher 
yields than do the other methods when being used with 
herbicides whose principal mode of action would be 
through plant foliage. The shield had little or no advant
age with those herbicides whose herbicidal action is de
pendent on their being absorbed through the plant roots. 
(Project 153) 

Farm Water Supplies 

M. M. jones, T. O. Hodges, M. D. Shanklin 

OBJECTIVES: 

To develop or to improve methods of securing ade
quate supplies of good water for farm household use, par
ticularly the cottection, filtering and treatment of farm 
pond water. 

REPORT OF PROGRESS: 

Quality of Pond Water In Missouri. The quality of 
pond water is very important when considering the feasi
bility of its treatment on the farm for household use. To 
determine the factors which affect the quality of pond 
water a study of about 50 ponds has been started. The 
ponds were selected at random in central and north Mis
souri, and represent many types of watersheds and water
shed and pond management. Samples of water are col
lected monthly and analyzed for turbidity, conductivity, 
pH, total hardness (Mg and Ca), chlorides, sulfates, and 
iron. After a sufficient number of samples have been ana
lyzed, correlations will be made between water quality 
characteristics and watershed and management factors. 
Also, water treatment recommendations can be more sci
entifically made when the water quality in various areas is 
known. 

As of December 1, 1956, samples have been collected 
at least twice from all of the fifty ponds and three times 
from some of them. So far not enough samples have been 
collected and analyzed to determine seasonal variation in 
quality for the various ponds, but limited data indicate 

that (1) only traces of iron are present, (2) pH ranges 
from about 6.3 to 8.5 , (3) total hardness ranges from 
about 2 to 7 grains per gallon, (4) color and turbidity 
range from about 50 to 250 parts per million, (5) conduc
tivity ranges from about 80 to 275 micro mhos per centi
meter, and (6) in general, turbidity is lower for ponds 
with higher conductivities. 

A water analysis laboratory has been set up for mak
ing the needed chemical determinations of the water sam
ples. In addition to the usual chemicals and glassware, 
instruments obtained for the laboratory include a pH 
meter, a conductivity bridge, colorimeter-spectrophoto
meter, and a small evaporating oven. 

Pond Water Filters. (1) Plans for a slow-sand filter 
have been developed from specifications set up from pre
vious research on this project and from water treatment 
standards established by the Missouri State Division of 
Health. A cooperating farm family consisting of a man, 
his wife, their two children, and periodically an aged 
male relative, has been located so that a complete water
treating system can be installed for field testing under 
normal household use. The system is designed to filter 
approximately 630 gallons of water during a 24-hour 
period, or about 70 gallons per 24-hour period for each 
square foot of filter surface area. The system should be 
installed. by April, 1957. 

(2) Two pressure type filters for pond water in the 
Columbia area have been under observation during the 
past year. One of the systems supplied hot water only 
for household use for two families (11 people) , and the 
other system is the sole source of water for one family of 
three people. Both systems used, initially, old existing 
cisterns as reservoirs for the filtered chlorinated water. 
These old cisterns proved unsatisfactory in that it was 
not possible to keep a residual of chlorine in the water, 
and also leakage of filtered water placed too great a de
mand on the filters. 

The demand on the filter which supplies the water 
to the hot water heater for two families was a little more 
than 2000 gallons per day, while the demand on the other 
filter was about 1000 gallons per day. These faults caused 
the systems to be somewhat unsatisfactOry from both 
filtering and purifying standpoints. Galvanized metal res
ervoirs have been installed to replace the old cisterns at 
both farms. With the new reservoirs installed, it will be 
possible to check the filters under conditions nearer to 
their design criteria. 

Clearing the Ponds. Previous work has shown that 
satisfactory slow-sand filtration can be accomplished only 
when the turbidity level of the water before filtering is 
below about 20 parts per million. In many cases, this 
means that some sort of flocculation treatment is neces
sary. One way to clear a pond is to add agricultural 
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gypsum. While it was known that some satisfactory clear
ing could be obtained by this method, the effects upon 
other water quality factors were not known; therefore, a 
pond on the agricultural engineering farm was treated on 
July 26, 1956, by applying 10 pounds of gypsum per 
1000 cubic feet of water and samples of water were col
lected and analyzed periodically to determine the quality 
of the water. 

The average turbidity of the water was 66.5 parts per 
million before the pond was treated and the average 
hardness was 1.2 grains per gallon. Five days after treat
ment turbidity and hardness were 37 and 4.8, respectively, 
and forty days after treatment they were 11 and 5.9 (Pro
ject 155) 

Farm Tractor Fuels 

D. B. Brooker 

OBJECTIVES: 

A . To investigate further the effect of pressure-vacuum 
filler caps to determine their ability to retard evapora
tion losses of gasoline in storage. 

B. To prepare a bulletin on farm fuel storage based on 
the investigations of this project. 

REPORT OF PROGRESS: 

A. Three commercially manufactured pressure-vacu
um release vents were tested to determine their effec
tiveness in preventing gasoline from evaporating from 
storage tanks. One of the vents used nylon balls resting 
on machined seats as pressure and vacuum release valves. 
The other two used metal "flapper" valves. An ordinary 
hinged filler cap (vented freely to the atmosphere) was 
used to obtain comparison data. 

A five gallon container was equipped to test the 
vents. In each test one of the vents was fastened to the 
container which contained about four gallons of gasoline. 
A mercury manometer was attached to indicate the pres
sure in the container. A thermocouple was submerged in 
the gasoline and the temperature of the fuel was indicated 
on a recording potentiometer. 

The five gallon container was submerged in a water 
bath in a 55 gallon insulated drum. The water bath tem-

perature was maintained by a thermostatically controlled 
heater element. The water in the bath was stirred con
stantly with a centrifugal circulation pump. 

The gasoline used in these tests was regular grade 
gasoline with a Reids' vapor pressure of 9.5 . 

The gasoline weight was determined at approximate
ly 24-hour intervals, and tests were continued in most 
cases for 96 hours. 

From these data it can be concluded that pressure
vacuum release vents can reduce losses from evaporation 
of gasoline in farm storage tanks. It appears that this is 
true for gasoline temperatures of 100° F or less. Studies 
conducted during the summers of 1954 and 1955 indicate 
that 100° F is about the maximum gasoline temperature 
that might be expected on a hot summer day. 

It is worth noting that the pressure-vacuum vents 
prevent evaporation, although they do not maintain a 
pressure in the container, All three of the vents tested 
are rated by their manufacturer as being able to maintain 
a tank pressure of three pounds per square inch. 

As shown by the data very little, if any, pressure ever 
built up in the tanks. This information would seem to 
indicate that a lower cost vent might be constructed that 
simply closes the tank opening without attempting to 

maintain a tank pressure appreciably above atmospheric. 
B. A mimeographed report on fuel storage tests has 

been prepared and has been widely distributed both with
in and outside the State of Missouri. (Project 224) 

Grain Drying 

D. B. Brooker 

PROGRESS REPORT: 

No publications issued. 

OBJECTIVES : 

To study operating characteristics of grain and ear 
corn drying systems, with emphasis on the distribution of 
air in the grain mass. 

Approximately 1570 bushels of barley, 850 bushels 
of wheat, and 700 bushels of ear corn were dried with 
natural air. Table I gives a summary of these drying 
operations. 

TABLE 1. SUMMARY OF CROP DRYING ON THE AGmCULTURAL ENGINEEmNG FARM IN 1956 

Original Final Ventilation Days Electrical* 
Moisture Moisture Rate (cfm Drying Costs (Cents 

Grain Bushels Content (%) Content (%) per bushel) Time per bushel) 

Barley 1570 20.8 13.1 2.9 17 2.3 
Wheat 850 20.5 13.8 1.6 21 5.9 
Ear Corn 700 32.0 15.8 5.0 20 2.9 

* Electt:,"ical energy figured at 3.0 cents per KWH 
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The barley was dried in a quonset "16" building that 
has been modified so that the air was introduced into the 
grain by means of a set of lateral ducts, spaced four feet 
on center and extending across the building from side to 
side. A bac kward (curved blade cen trifuged fan, belt 
driven by a three horsepower motor), supplied the air for 
drying. 

The barley was harvested between the dates of June 
18 to June 23. Moisture content was determined for each 
combine hopper load of grain. Of 31 hopper loads the 
highest moisture recorded was 27.8 percent. Over one
half of the initial moisture readings were above 20.0 per
cent, and the average of all readings taken was 20.8 per
cent. 

Air temperature and relative humidity were about 
normal for this region for the period of drying. Relative 
humidity readings at midnight and at six o'clock in the 
morning were generally in the middle 80's. At noon and 
6:00 p.m. relative humidities were in the middle 50's. 
Dry bulb temperatures dropped to between 65 ° and 70° 
during the night and rose to from 80° to 85 0 during the 
day. 

The wheat was dried in a 1000 bushel round metal 
bin with air introduced through a duct system. Air was 
supplied by a three horsepower direct connected propeller 
fan. Moisture d!lta were obtained for each combine hopper 
load as the wheat was harvested. The highest moisture 
recorded was 24.9 percent. Half of the wheat harvested 
had a moisture content between 20.0 and 25.0 percent, 
and the driest wheat put in the bin had a moisture con
tent of 17.5 percent. 

The drying period coincided with that of the barley, 
and air temperature and relative humidities were essential
ly the same. 

The cost of drying (5.9 cents per bushel) is a little 
higher than is normally expected for drying grain. How
ever, the lesser figures usually quoted are based on drying 
grain that has an initial moisture content of 18 percent or 
less. 

The ear corn was dried in a round crib with open 
mesh side walls made of welded wire. The crib is 12 
feet 6 inches in diameter and has a capacity of about 700 
bushels. 

Air is introduced into a vertical duct made of welded 
wire mesh. The vertical duct is 10 1,4 inches in diameter. 
A horizontal sheet metal duct extends from the vertical 
duct to the outer edge of the crib where air was supplied 
by a 1 Y2 horsepower direct connected propeller fan. (Pro
ject 225) 

Benefits Of Supplemental Irrigation On Improved 
Pastures 

R. P. Beasley 
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OBJECTIVES: 

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

REPORT OF PROGRESS : 

The pastures used in 1956 were orchard grass and 
ladino clover, orchard grass and lespedeza, and orchard 
grass alone. One pasture of each was irrigated, one had 
the same irrigation plus ammonium nitrate, and one of 
each had only the natural rainfall and no fertiliz.er except 
the basic treatments by which all plots had been brought 
to a uniform fertility level when the pastures' were seeded. 

The tests in 1956 began April 25 and ended October 
1. In that period there were 11 Y.1 inches of rainfall. Dur
ing this period 19 inches of water was applied in 10 ir
rigations. Results were measured in terms of carrying 
capacity, daily gain, worm infestation, death losses and 
changes in pastures species. 

Irrigation plus fertilization increased the carrying 
capacity of all pastures and the total gains made by the 
lambs. The rate of gain, however, was reduced materially 
for lambs both during the suckling period and after wean
ing. Also with irrigation and fertilizer the ewes lost con
siderably more weight during lactation than did those on 
the non-irrigated plots. Irrigati.on without additional fer
tilizer gave the same trend but not to the same degree. 

Gains after weaning followed the same pattern but 
were much lower. Stomach worm infestation was very 
great in all lots, but worst with irrigation. No known 
method of control was good enough, even though ewes 
had been treated before going on pasture, and a preven
tive mixture was kept before ewes and lambs constantly: 

The amount of forage was greatly increased, but as 
carrying capacity grew, more and more animals were 
crowded into limited range and made safe sanitation im
possible. (Project 226) 

Storage And Use Of Surface Runoff For Irrigation 

R. P. Beasley, R. B. Curry, 
D. D. Smith, M. M. Jones 

OBJECTIVES: 

A. To determine the amount of runoff from a slowly 
permeable soil. 

B. To determine losses by evaporation and seepage from 
farm reservoirs .. 

C. To determine the effect of irrigation on amount of 
runoff. 

REPORT OF PROGRESS: 

Objective A 

To determine the amount of runoff from a slowly 

permeable soil. 



The amount of runoff during 1956 from a 154-acre 
watershed of slowly permeable soil, Mexico silt loam, 
with mixed cover, at the McCredie Experimental Farm is 
given below. 

Month Inches of Runoff Month Inches of Runoff 

January 0 July 1.37 
February 0.01 August 0.05 
March 0 September 0 
April 0.12 October 0 
May 0.13 November 0.02 
June 0 December 0.06 

The total runoff for the calendar year 1956 was 1.66 
inches. The total runoff for the year ending June 30, 1956 
was 0.70 inches. Eighty-three percent of the total runoff 
for 1956 occurred during July. Rainfall during July total· 
ed 9.2 inches or 32 percent total rainfall for the year. 

Measurement of runoff from a 65-acre watershed at 
the Agricultural Engineering Farm at Midway was start
ed in April 1956. 

Objective B 

To determine losses by evaporation and seepage from 
farm reservoirs. 

The evaporation and seepage losses, were studied 
during 1956, from two reservoirs in a slowly permeable 
soil, Mexico silt loam, at McCredie Experimental Farm. 

Objective C 

To determine the effect of irrigation on amount of 
runoff. 

Runoff was measured from four 2-acre pastures at 
McCredie. The runoff due to rainfall from the two ir
rigated pastures during 1956 was 2.83 inches. The runoff 
from the two pastures not irrigated was 0.51 inches. (Pro
ject 227) 

Distribution and Application Of Irrigation Water 

R. P. Beasley, D. D. Smith 
V. C. Jamison, R. B. Curry 

OBJECTIVES: 

A. To determine adaptability and efficiency of surface 
and overhead method of applying water on Mississippi 
River bottom soil. 

B. To develop design criteria for furrow irrigation. 
Interpretation and Comments: Although there are mea

surable withdrawals of moisture from the soil below two 
feet in depth for both corn and alfalfa on Sharon silt 
loam (river bottom alluvium), the quantities are small in 
comparison with losses from the upper two feet. Irriga
tion appeared to have little effect on the losses from be
low two feet, but increased the losses by evapotranspira
tion from the upper twO feet: :Water intake from irriga
tion applied in furrows (on corn) was nearly as high as 

from irrigation (on corn) by sprinkling. For the border 
(surface) method of irrigation on alfalfa the intake rate 
was higher than for sprinkling. Since more surface was in 
contact with water for border than the furrow application, 
one should expect an increase in rate for furrows of im
proved design. 

There was an indication that the manner of mak
ing the "irrigation shape" furrows reduced yields. The 
probability that the average reduction of 3.3 bu/ A below 
the conventional furrow shape was 0.4 and so could have 
been largely due to soil variation and other factors not 
measured or controlled. 

Brief Summary: Due to first year difficulties in layout 
and timing of irrigation, the results of 1956 are of doubt
ful experimental value. (Project 265) 

Water Management In Cotton Production 

R. P. Beasley, Charles Cromwell, 
R. B. Curry 

OBJECTIVES: 

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

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

REPORT OF PROGRESS: 

Water Supply. A study was made of a number of wells 
used for irrigation in southeast Missouri. Information was 
obtained on the long of the well, the type of construc
tion, the rate of pumping, and drawdown, and the extent 
of sand pumping. These data have not been compiled. 

Irrigation technique. Due to limited personnel and 
funds, detailed plot studies were not set up in time for 
the 1956 growing season. However, ten acres on the 
Bragg City Experiment Field were put to grade for irri
gation studies for 1957. Arrangements have been made 
with the addition of an agricultural engineer at the south
east Missouri fields, to have replicated plot studies on 
moisture levels with different fertility levels and cotton 
varieties. Preliminary designs have been made for irriga
tion systems which will be put on the remaining three 
of the four southeast Missouri fields so that irrigation 
water will be available on plot studies to be done on 
these fields. Arrangements have been made to study dif
ferent application rates by sprinklers on a cooperator's 
farm. Also a moisture level study will be made on furrow 
irrigated cotton on a cooperator's farm. Other cooperative 
work may be done where space is available and adequate 
controls can be arranged. (Project 271) 
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Corn Production 

OBJECTIVES: 

A. To investigate the use of corn and to compare corn 
with other crops for use in intensive two-crop, one-year 
rotations. 

B. To stud)1 different methods and to improve techniques 
of quickly preparing seedbeds and planting corn and 
comparison crops immediately following the harvest of 
small grain. 

C. To determine the earliest stages of maturity practical 
for harvesting crops which are to be succeeded im
mediately by other crops in intensive rotations. 

D. To study different methods and to improve techniques 
of early harvest of corn and comparison crops which 
are to be succeeded immediately ~y small grain crops. 

REPORT OF PROGRESS: 

Objective A 
To investigate the use of corn and to compare com 

with other crops for use in intensive two-crop, one-year 
rotations. 

The work on this objective during the past year was 
(a) on field size areas of approximately 17 acres each, and 
(b) on small replicated plots. This was the second year of 
study of this objective in these areas. The field studies 
were made on five fields large enough to obtain fairly 
accurate records of costs of field operations. The cost rates 
that would apply on a particular farm would depend, of 
course, upon conditions on that farm. The overhead costs 
used here may vary from those applying to a particular 
farm. They are judged to be typical or average for typical 
conditions. Even though they should not represent condi
tions on a particular farm, they are comparative and for 
the purposes of this project are satisfactory. Corn follow
ing wheat did as well as soybeans or grain sorghums fol
lowing wheat in the dry year of 1956. 

Objective B 
To study different methods and to improve tech

niques of quickly preparing seedbeds and planting com 
and. comparison crops immediately following the harvest 
of small grain. . 

Considerable progress has been made in methods of 
quickly planting row crops with a minimum loss of mois
ture after the harvest of small grain. A once-over tillage 
and planting operation is possible immediately behind 
the combine provided good straw shredding is accom
plished with a combine-mounted shredder, a tillage and 
fertilizer unit is mounted on the front framework of a 
tractor cultivator, and a two-row planter is mounted be
hind the tractor. Even under comparatively dry condi
tions, sufficient moisture is retained to give good seed 
germination. 

This once-over short-cut method of planting corn 
used after wheat was removed for silage gave a 30 bushel 
per acre yield without irrigation. Corn planted under simi
lar conditions by conventional methods was almost a com
plete failure. 

Observations of the growing crops have indicated a 
need for a deeper and possibly a wider tilled strip. The 
strips prepared by the once-over machine were about four 
to six inches deep and about 12 inches wide. Improve
ments in the equipment for next season are being made 
according to the indicated needs. 

Objective C 

To determine the earliest stages of maturity practical 
for harvesting crops which are to be succeeded immedi
ately by other crops in intensive rotations. 

Starting June 18 some 1250 bushels of barley were 
harvested by June 23 with an average moisture of 20.8 

percent. Drying of this barley was completed in 17 days 
after harvesting with unheated air. There was no indica
tion that this moisture was near the upper limit for prac
tical drying of barley. However, harvest of the barley was 
attempted on June 15 and it was impossible to adjust 
the combine to properly separate the awns from the bar
ley. To clean the barley going into the combine bin it 
was necessary to blow over a large number of grains from 
which the awns had not been separated. On June 16 an
other attempt was made with not better success. On June 
18 separation was enough better that it was possible to 
adjust the combine to get barley reasonably free of awns. 
Moisture of June 18 was about 26 to 27 percent. This 
would indicate that practical combining of awned barley 
would need to be below this moisture content. 

Objective D 

To study different methods and to improve tech
niques of early harvest of corn and comparison crops 
which are to be succeeded immediately by small grain 
crops. 

Due to the normal late maturity of combine grain 
sorghum it is generally a little late to seed small grain 

. after harvest of the grain sorghum. Therefore, seeding the 
succeeding crop between the rows before harvest may be 
a practical approach to the problem. Seeding needs to be 
done about the time of the last cultivation. Rye or bar
ley seeded at this time would make too much growth be
fore the grain sorghums could be harvested. Livestock 
would need to be on the small grain before the time for 
grain sorghum harvest to keep it pastured down. There· 
fore, we tried alfalfa, red clover, and timothy seeded on 
August 18 with expectation of catching late summer 
rains. The rains did not occur so that our plan failed under 
the unusually dry late summer conditions. Under more 
nearly normal conditions or with irrigation such a plan 
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could be harvested as hay and seed in grain sorghum by 
strip tillage methods for the summer row-crop. (Project 
272) 

Midway Farm Improvement 

M. M. Jones, T. O. Hodges, J. S. McKibben 

OBJECTIVES: 

To Build a Machine Shed. 
To Complete Basic Soil Treatments of Fields in Ac

cordance with Soil Tests. 

REPORT OF PROGRESS: 

Machine Shed. The machine shed has been completed. 
It is 47 feet wide by 80 feet long. Some of the features of 
the building are: a simple, clear-span roof truss construc
tion; a lower wall on one side of the building where high 
head room is not needed; all space along one wall ac
cessible from rolling doors, as well as three-fourths of 
the space along the opposite wall; large doors in the ends 
to admit large machines or loaded trucks; and supporting 
posts along one side set back six feet from the edge of 
the building to give maximum storage space for direct
hitch implements. 

Soil Treatments. Basic soil treatments of lime and 
phosphate have been essentially completed on all fields. 
About 90 acres received rock phosphate at the rate of 
1500 pounds per acre, and some 28 acres received lime at 
the rate of three to four tons per acre during the past 
year. (Project 274). 

OBJECTIVES: 

Electricity On Missouri Farms 

M. M. Jones, K. L. McFate 

A. Irrigation of Family Gardens. To determine methods, 
equipment recommendations, equipment costs, operat
ing costs and related data when the farm water system 
is used for irrigating family gardens of 1;3 acre or 
smaller in size. 

B. Hay Drying. To determine economic advantages of 
artificially drying forages, specific drying costs, quality 
of furnished product and related data under typical 
form conditiom. 

C. Livestock Water Temperature Control. To determine 
operating costs at different temperatures, accuracy of 
temperature regulation and other factors affecting the 
economic use of different types of electrically heated live
stock waterers on Missouri farms. 

D. Bulk Milk Cooling. To determine energy consump
tion of different types of equipment, milk temperatures 
maintained, operating characteristics of the ice bank 
and direct expansion type, adequacy of wiring and 
controls, and economic advantages (or disadvantages) 
of this method of cooling. 
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E. Milk House Heating. To determine performance char
acteristics of small electric heaters, operating costs and 
related data when used under average farm conditiom; 
and to compare winter heating costs when heat ex
tracted from the milk is not utilized for heating the 
space in the milk house. 

F. Feed and Materials Handling. To study imtallation, 
operating and labor costs involved in mixing, grinding 
and conveying feeds and other materials on Missouri 
farms and to determine specific economic advantages of 
"on-the-farm" feed processing when smail electric 
grinders, mixers, or mixer-grinders are used. 

REPORT OF PROGRESS: 

A. Irrigation of Family Gardens. Several sizes and 
types of pumps were used on 19 gardens in seven differ
ent counties. In general, I-inch and % -inch flexible 
plastic pipe was used to transmit water from the source 
which included wells, ponds, a spring, and a stream. 

Low pressure (5 to 20 Ibs.), rotary sprinklers oper
ated satisfactorily on pressures ranging from 10 to 32 
pounds of pressure. High pressure sprinklers did not al
ways rotate in this pressure range; seldom when pressure 
was below 25 pounds. 

As many as three sprinklers on bases made of galvan
ized iron pipe and an inverted disc blade, attached to ¥l
inch plastic pipe, were easily pulled to different positions 
within" the rows. 

Water used during the 1956 growing season varied 
in different gardens from 4600 to 111,000 gallons. Pumps 
used from 0.74 to 2.78 kilowatt-hours per thousand gal
lons of water distributed. One cooperator, a 4-H club 
member, estimated the value of his garden produce to be 
$398 for a labor return of $1.86 per hour. 

B. Hay Drying. Six hay drying systems were studied, 
including the one on the University Agricultural Engi
neering Farm. Three of the five farm cooperators had 
previous experience with their drying equipment. Varia
tions in system design and management practices were 
major factors contributing to differences. 

Operating costs for drying ranged from $.47 to $1.76 
per ton for drying chopped hay without heat. The cost 
of drying baled hay with heated air on one farm was $1.40 
per ton. Costs were based on three cents per kilowatt
hour and fuel oil at 14 cents per gallon. 

The protein content of the dried hay varied from 
15.4 to 19.8 percent and was affected considerably by the 
condition of the hay when placed on the driers. 

The results of these studies indicate that farmers are 
in need of further information regarding selection and use 
of equipment. Further study is needed on hay drying. 

C. Livestock Water Temperature Control. This study 
was initiated in late fall and detailed data are not yet 
available. One manufacturer of livestock watering equip-



ment, however, reports that their 1956 sales of waterers 
in Missouri increased by 37.6 percent over a similar 1955 
period, and the greatest increase of any state in their sales 

* * * 

territory. Leaflets, news releases and project activities un
doubtedly had an effect. (Project 282)' 

* * 

Animal Husbandry 
L A. Weaver. Chairman 

Breeding For Swine Improvement 

L. A. Weaver, L. F. Tribble, 
Clarence Bradley, J. R. Cook, 
Charles Foley, J. F. Lasley, 

John Massey 

OBJECTIVES: 

A. To develop more accurate and useful measures of per
formance. 

B. To determine the effects of inbreeding, crossbreeding, 
and other factors on milk production in sows and 
growth during lactation in pigs. 

C. To study the effectiveness of recurrent selection for 
maximum performance of strain crosses. 

REPORT OF PROGRESS 

Objective A 

A total of 436 pigs were used in a study of some 
factors affecting backfat thickness and rate of gain as 
well as the heritability of these two economically im
portant traits. Two hundred and fifty-seven of these pigs 
were farrowed in the spring and 179 in the fall. All were 
from reciprocal crosses of inbred Landrace and Poland 
lines, and both barrows and gilts were included in the 
study. In addition, a portion of the spring-farrowed pigs 
were fed on pasture and the remainder in dry lot. 

The average daily gain was calculated for each pig 
beginning shortly after weaning and until they reached a 
weight of approximately 200 pounds. It was found that 
barrows made slightly faster gains than gilts, pigs fed in 
dry lot gained an average of 0.24 pounds more per day 
than pigs fed on pasture and spring-farrowed pigs made 
faster gains than those farrowed in the fall. 

This study indicates that the percentage progress 
actually made in selecting for rate of gain would be 
smaller than the progress made in selecting against back
fat thickness. Nevertheless, there seems to be enough 
additive genetic variation to permit improvement in both 
traits, if selection is constantly practiced in a given direc-
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tion and when family selection is practiced. 

Objective B 
The milk yield in sows of the Duroc, Landrace and 

Poland breeds and in Landrace x Poland crossbred sows 
was studied along with factors associated with or influ
encing milk production. Inheritance of nipple number 
and the relation between nipple number of the dam and 
the size and performance of her litter were investigated 
in these breeds and crosses. The suckling preference of 
pigs, the relation of size and weight of litters, and the 
influence of the age of the sow on litter performance were 
also studied. 

A significant difference was found between sows of 
the different breeds and crosses in the milk produced dur
ing the six week lactation period. Milk yield differed 
significantly between the breeds and crosses during the 
second, fourth, and fifth weeks of lactation but not dur
ing the first, third, and sixth weeks. 

A significance within breed correlation was found be
tween nipple numbers and the number of pigs the sow 
farrowed. These data showed an average of 0.54 more pigs 
for each additional nipple she possessed. No correlation 
was found, however, between the number of nipples the 
sow possessed and the performance of the litter. 

Nipple number was found to be highly heritable 
with a heritability estimate of about 59 percent. 

Objective C 

During the past year, the Duroc line was reproduced 
and the Landrace and Poland lines were tested in recipro
cal crosses. 

Seven Duroc sows were used to reproduce the pure 
Duroc line in the spring. Litter size at birth and weaning 
were a little below normal as was the weaning weights 
of the pigs. However, the pigs appeared to be thrifty and 
fairly uniform. 

With the exception of litter size at birth the per
formance of the Poland sows was satisfactory. The wean
ing weights of the pigs were slightly greater in the fall 



than in the spring. 
An outbreak of Leptospirosis in the Landrace line in 

the spring resulted in the loss of 18 out of 25 litters. 
These sows aborted near the end of the gestation period. 
However, the performance of the sows that farrowed 
normal pigs was good, although litter size may have been 
reduced in these sows. The results of the Landrace sows 
in the fall was very good with an average of 9.1 pigs 
weaned per litter and a total litter weight of 354 pounds 
at 56 days. 

A satisfactory test was obtained on each of the six 
Landrace boars crossed on Poland sows. There appears to 
be a difference between sires in survival of pigs to wean
ing and in weaning weights. However, no statistical anal
ysis has been made of the data. The average daily gains 
of the pigs tested in dry lot from weaning to 200 pounds 
varied from 1.44 pounds for the pigs sired by boar 203 
to 1.73 pounds for those sired by boar 429. 

The feed efficiency data followed about the same pat
tern as the gains with the exception of the pigs sired by 

gilts in a second lot. The gains of the boars and barrows 
were very rapid as they averaged 1.91 pounds per head 
per day. The gains of the gilts averaged only 1.34 pounds 
per head per day, and the feed efficiency was very low. 
Both groups were fed on good clover pasture. The 154 
day weights on all Durocs was 167 pounds and the aver
age backfat probe was 44 mm. (Project 3) 

Acceptability of Meat an'd Meat Products 

L. A. Weaver, D. E. Brady, H. D. Naumann, 
Eugene Birmingham, Steve Zobrisky, 

Harold Hedrick, A. M. Mullins 

OBJECTIVES: 

To determine the extent of shrinkage losses as they 
relate to grade and speed of processing. 

To determine the minimum amount of finish (quali
ty) generally desired by the consumer both in the fresh 
and processed product. 

boar 19-1. These pigs were the least efficient and required REPORT OF PROGRESS: 
almost 20 pounds more feed per 100 pounds gain than Previous work indicates that the consumer is equally 
the next least efficient lot. However, the amount of feed satisfied with hams from the Medium grade as compared 
wastage is unknown and may have been a factor in re- with hams from the Missouri 0, Choice No.1 and Choice 
dueing the efficiency of this lot. No. 2 grade pork carcasses. 

Backfat probes were taken on the progeny of all It is of considerable economic importance to deter-
boars when they weighed approximately 200 pounds. Pigs mine if there is any significant difference in the speed of 
sired by boars 429 and 256 had the fastest rates of gain processing, amount of shrinkage and the eating character-
and the least backfat. Pigs by these boars averaged 35 mm istics of hams from the Medium, Missouri 0 and U. S. 
of backfat as compared to 40 mm. for the pigs sired by No. 2 grade pork carcasses. Objective C: Ninety-six hams 
308 which were the fattest pigs. were obtained from a commercial source from hogs se-

The boars and barrows were fed in one lot and the lected as indicated in the following table: 

CARCASS STANDARDS 
No. of hams Backfat Thickness Inches 

selected Grade Range Average Quality 

33 Medium 1.0 - 1.3 1.19 2 
31 Missouri 0 1.0 - 1.3 1.25 1 
32 U. S. No.2 1.6 - 1.9 1.91 1 

Eight hams from each grade were cured, smoked 
and stored without prior freezing. The remaining hams 
were wrapped with a coated wax sheet, frozen at _100 F 
and held at 00 F until ready for curing. Frozen hams were 
thawed at 400 F for 52 hours to insure complete thawing 
prior to curing. Hams were pumped to 10 percent of 
their weight with a 75 degree salimeter pickle and placed 
in a 65 degree cover pickle for six days. After curing, 
hams were smoked using the following schedules: 
Schedule 1. 

1500 F 5 hours, no smoke 
1600 F 4 hours, smoke 
1700 F To internal temperature of 145 0 F was ob
tained, smoke. 

Schedule 2. 

1200 F 2 hours, no smoke 
1400 F 14 hours, smoke 
165 0 F To internal temperature of 145 0 F was ob
tained, no smoke. 
After smoking, hams were held for two hours and 

then store,d for seven days at 40 0 F. 
Weights were recorded at each stage in the curing 

and smoking process and for each day in storage. Lean 
samples have been prepared for fat, moisture and salt 
analysis. 

Grade exerted no significant difference on the pro
cessing characteristics of the hams. 

Objective D: Organoleptic evaluation of the hams 
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was conducted by a six member taste panel. A two inch 
center cut ham roast was baked at 300 0 F until the in
ternal temperature of the cut was 150 0 F. All fat was re
moved from the sample prior to tasting. The schedule 
used for the panel is attached. 

There was a preference at the 0.05 level for the 
Medium grade ham for flavor, saltiness and overall pre
ference. There was no difference in the tenderness. 

Further statistical analysis will be made upon com
pletion of the chemical analysis. (Project 5.) 

Production of Young Beeves 

L. A . Weaver, J. E. Comfort, 
Clarence Bradley 

PROGRESS REPORT 

Twice as much grain, approximately, was required by 
September-October dropped calves than by December
January dropped calves, all finished to the same approxi
mate weight of 700 pounds and high good and low 
choice grade. The finishing period was in dry lot in all 
cases. Winter calves, December-January creep-fed during 
the entire suckling period required slightly more total 
grain than similar calves creep-fed during the last eight 
weeks of the suckling period. Total amounts of grain re
quired to finish the cattle were 34.9, 18.4 and 16.6 bush
els of corn with supplement and roughage. Cattle were 
sold in early October, early December and late January 
respectively. Price differential between sale dates should 
be considered in appraising these systems. (Project 78). 

Improved Methods of Pork Carcass Evaluation 

L. A. Weaver, D. E. Brady, 
S. E. Zobrisky, A . M. Mullins 

OBJECTIVES: 

To develop improved methods of evaluating live hog 
pork carcas.res. 

PROGRESS REPORT : 

Data collection has been completed on 120 hogs. 
These hogs were divided into lots of 12 hogs and were 
full fed to slaughter weights. Lots were slaughtered at 50 
pounds live weight intervals from 50 to 300 pounds. 
Data collected consisted of: creatinine coefficients, various 
linear, areal, and specific gravity measurements of the 
carcass and cuts. The right ham was dissected and chemi
cal analysis of ham lean tissue was determined. 

The data are now being treated statistically and only 
preliminary results are available. 

As analyzed by analysis of variance methods, there 
was no significant difference indicated between the crea
tinine coefficient of the different groups studied because 
of such large variations within the groups. 

The correlation coefficients are all highly significant 

except for the one between the percent lean of the ham 
and the ham index. 

The association between the live weight, carcass 
weigh~ and ham weight approach unity as indicated by 
the coefficient r= + .99. 

The area of subcutaneous and inter-muscular fat, ob
tained from tracings on the proximal end of the ham, 
were very highly associated with the total weight of their 
respective tissues as determined by physical dissection. 

Circumference of ham was more highly associated 
with the total separable fat than with the total lean of 
the ham. 

Ham fat thickness as measured at the proximal end 
and the percent total fat of the ham increased in a linear 
manner, r= +.91. 

Specific gravity was inversely associated with carcass 
weight, r=-.77, but was associated in a direct manner 
with percent lean of the ham, r = +.77. The specific 
gravity of the carcass was directly associated with specific 
gravity of the ham, r= +.69. 

From the data presented there are strong indications 
that the variables studied are highly associated. Further
more, there are marked differences between the rate of 
weight increase of the various cuts and tissues during the 
growth period studied. (Project 88) 

Stability In Cured Meats Using Stabilizers 

L. A . Weaver, O. H. Kahienberg, D. E. Brady, 
R. L. Henrickson, G. G. Kelly, Rhule Sleeth 

OBJECTIVES : 

A . To develop a technique of adding sodium ascorbate 
into ham which would be economical, and practical. 

B. To study the effect of combining sodium ascorbate, 
polyphosphates and calcium lactate into ham. 

PROGRESS REpORT: 

Sodium ascorbate in the amount of 2.13 grams per 
gallon of 75 0 salinometer reading was injected into the 
femoral artery of freshly killed hogs. The hogs were 
chilled at 35 0 F for twenty-four hours and the hams cut 
from the rest of the carcass. The hams were chilled an 
additional twenty-four hours, heated to an internal tem
perature of 142 0 F and smoked. Center slices of the ham 
showed an incomplete penetration of the cure to the out
most periphery. The remainder of the ham lacked uni
formity of color. The taste of the ham slice was of excel
lent flavor except for the uncured portion. This had the 
characteristic flavor of fresh pork. The fatty center por
tion of the ham proved to be quite moist probably due 
to the shortened curing and heating time. Phosphate 
added to the cure corrected this to some extent. (Project 
100)' 
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Nutrients Required By Hogs 

L. A. Weaver, L. F. Tribble, 
Clarence Bradley 

PROGRESS REPORT: 

A total of 128 crossbred and purebred Landrace pigs 
were used in a 2 x 2 x 2 replicated factorally designed ex
periment to study growth, feed efficiency and carcass de
sirability of swine as affected by level of protein antibio
tics and level of feed intake. 

A summary of the combined data for all of the treat
ments suggests that, for optimum rate of gain, a ration 
containing 16 percent protein with an antibiotic should 
be full fed from weaning to approximately 100 pounds. 
From 100 to 200 pounds, a ration full fed and containing 
12 percent protein would produce the fastest gains. The 
addition of an antibiotic would be optional during this 
period. 

The most efficient gains would be produced by (1) 
full feeding a 16 percent protein ration with an antibiotic 
up to 100 pounds, (2) full feeding a 12 percent protein 
ration from 100 to 135 pounds and (3) limiting the 12 
percent protein ration to approximately 85 percent of a 
full feed from 135 to 200 pounds, and (4) limiting the 
12 percent protein ration to approximately 85 percent of 
a full feed from 135 to 200 pounds. 

Level of protein or antibiotics had no significant ef
fect on the yield of lean cuts in the carcass. Limiting the 
feed to approximately 85 percent of a full feed produced 
carcasses that were significantly leaner than those full 
fed from weaning to market weight. 

A series of tests have been conducted on the level of 
calcium and phosphorus required by growing-fattening 
swine in dry lot. 

ParakeratOsis was produced in two separate trials in 
pigs consuming corn-soy ration that contained in excess 
of 0.8 percent calcium and in one out of three trials with 
pigs receiving 0.6 percent calcium. The addition of zinc 
appeared to be beneficial when added to a corn-soy ration 
containing 0.6 percent calcium but did not improve a ra
tion containing corn, soybean oil meal, tankage, wheat 
shorts, plus minerals and vitamins which contained ap
proximately the same level of calcium. (Project 141). 

Roughage and Pasture In The Production 
Of Late Lambs 

L. A . Weaver, A. J. Dyer, Clarence Bradley, 
Armond Moles. 

PROGRESS REPORT: 

Late lambs (April) used on Project 235 did not at
tain the desired finish on pasture, i.e., they were general
ly in feeder flesh; severe parasite infestation was a major 
cause. From these lambs, four lots of eight head each 

were used to compare hexestrol implant (12 milligrams) 
with oral feeding at two levels, 1.25 and 2.5 milligrams 
daily. . 

Hexestrol increased both the rate and efficiency of 
gain during the 74 day feeding period ; implants were 
slightly superior to oral feeding during the first 39 days 
while a relatively high fiber ration was fed . During the 
remaining 35 days when a more concentrated ration was 
fed , there was little difference-the lower level of oral 
feeding has a slight advantage in rate of gain and feed ef
ficiency. Using dressing percentage and carcass grade as 
the criteria, the 1.25 milligram level of oral feeding was 
superior, controls ranked second, the 2.5 milligram level 
third and the implanted group, last. ( Project 142) 

Pasture Improvement 

A. J. Dyer, L. A. Weaver 

PROGRESS REPORT : 

Without rain, no pasture produces well. Even les
pedeza-usually dependable, in bluegrass failed in 1956. 
Mixtures of fescue-trefoil and orchard grass-Iadino pro
duced more total gain per steer than bluegrass-Iespedeza 
which was essentially bluegrass. After August 23 at 
Columbia and after July 16 at Pierce City, pasture would 
not support any cattle. For the period grazed, carrying 
capacity to these dates was about 50 percent of normal; 
thus, many cattle allotted to this test could not be used 
and it was \lot possible to draw conclusive comparisons. 
(Project 154) 

Factors Affecting Rumen Digestion 

PROGRESS REpORT: 

The addition of two micrograms testosterone or five 
micrograms cortisone to an artificial rumen, produced an 
average increase in cellulose digestion of 10.74 and 11.51 
percent, respectively, above the basals. Hexestrol de
creased the average amount of cellulose digestion 15.92 
percent below the basals. 

Digestion trials for cellulose and nitrogen, conducted 
with mature wethers fed daily rations of 800 gm. alfalfa 
hay and 400 gm. shelled corn, determined the effect of 
the 10 mg. testosterone, 1.5 mg. hexestrol, or 20 mg. 
cortisone which was sprayed on the alfalfa hay. 

The coefficient of apparent digestibility was deter
mined in the conventional manner and the differences be
tween lots tested for significance by analysis of variance. 
The testosterone supplemented sheep digested 6.76 per
cent more cellulose and 3.59 percent more nitrogen than 
the basal sheep. Cortisone supplemented sheep digested 
6.56 percent more cellulose and 2.33 percent more nitro
gen. With hexestrol supplementing the basal rations a 
6.10 and a 1.35 percent average increase for cellulose and 
nitrogen digestibility above the basal sheep was found. 
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While the increases for cellulose and nitrogen digestion 
were not statistically significant, it was thought that this 
was due primarily to the small number of observations 
and the variation between the sheep in each lot. 

The concentration of ruminal volatile fatty acids 
was determined on three successive days in all sheep on 
the digestion trials. The rumen ingesta were drawn five 
and one-half hours after the morning rations were fed . 
The small amount of rumen ingesta removed would not 
produce a significant error in the total fecal collections. 
Ingesta from testosterone and cortisone supplemented 
sheep contained 5.59 and 5.79 percent more volatile fat
ty acids, respectively, than the basal ingesta. Hexestrol 
supplement decreased volatile fatty acid production.1 
percent below the basal lot. These differences were not 
statistically significant. The volatile fatty acid values are 
only approximate, as the sampling technique used to ob
tain rumen ingesta can not be relied on to provide a rep
resentative sample from all sheep. 

Lambs were fed purified rations supplemented with 
either urea, gelatin, casein, soybean protein, or bovine 
blood fibrin to supply nearly 100 percent of the ration's 
total nitrogen. 

A metabolic nitrogen level of 2.39 mgm. nitrogen 
per gm. dry matter intake or 7.17 mgm. nitrogen per gm. 
dry matter excreted was determined for lambs fed a nitro
gen free ration. 

Metabolic nitrogen expressed on the basis of excreted 
dry matter rather than on dry matter intake gave more 
consistent results. An endogenous nitrogen level of 31.9 
mgm. nitrogen per kilogram body weight was determined 
for lambs. 

Ruminal ammonia concentrations resultant from feed
ing urea, were significantly higher than from any other 
source. There was no significant difference between 
ruminal ammonia concentrations following the feeding 
of gelatin, casein, soybean protein, or bovine blood 
fibrin . 

Digestion trials were run to determine the effect of 
time of feeding of hay and concentrate on the utiliza
tion of rations. Twelve mature wethers were fed 800 gm. of 

·u. S. No.4 Timothy hay or U. S. No.3 alfalfa hay and 
212 gm. of concentrate mixture containing soybean meal, 
corn, urea, CaHP04 , trace mineralized salt, and Vitamin 
A & D. In some trials 70 gm. blacks trap molasses were 
included. In each trial 14 day preliminary and seven day 
total collection periods were used. During a two year 
period each sheep received the following combinations: A: 
one-half of complete ration at 7:00 a.m. and 5:00 p.m., B: 
Concentrate at 7:00 a.m. and 2:30 p.m.; hay at 9:30 a.m. 
and 5:00 p.m., C : hay at 7:00 a.m. and 2:30 p.m., con
centrate at 9:30 a.m. and 5 :00 p.m., D : hay and con
centrate at 12 hour intervals, E, F, G, H: As ABCD with 

molasses in concentrate, I, ] , K, L: As ABCD with molas
ses on hay. Each roughage was fed with each combina
tion of concentrate and molasses. As compared to the 
utilization of the complete ration, highly significant de
creases in digestibility were found during the periods 
when the components of the ration were fed separately. 
For example, coefficients of digestibility obtained on the 
complete ration with molasses were 77.9, 65 .2 and 68.8 
for nitrogen, cellulose and organic matter, respectively. 
When hay and molasses were fed 2.5 hours after the 
grain, the coefficients fell to 71.2, 58.2 and 62 .0. Similar 
differences in ruminal volatile fatty acids were found. 
(Project 168). 

Improvement Of Beef Cattle Through Breeding 

L. A . Weaver, J. F. Lasley, J. E. Comfort, 
Ciarence Bradley, J. R. Cook, Charles Foley 

Charles E. Webster, G. V. Wright 

OBJECTIVES: 

A. To compare two different systems of breeding and se
fection. 

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

C. To further test techniques of identifying "dwarffree" 
and "dwarfcarrier" beef animals. 

REPORT OF PROGRESS: 

A. Comparison of two different .rystemJ of breeding and se
lection. The purpose of this experiment is to compare two 
plans of breeding, and the division of the breeding cows 
in the herd was first made at the beginning of the 1953 
breeding season. One-half of the cows were placed in a 
herd known as the "open herd" because inbreeding will 
not be practiced here. This herd will be managed in a 
manner similar to that breeding system followed by most 
purebred breeders in which a new bull of good quality is 
purchased to breed to heifers as they reach breeding age. 
The remaining one-half of the original cows was placed 
in a herd called the "closed" herd. This herd will be used 
to test the effectiveness of intra-herd selection of both 
sires and dams based on their performance and conforma
tion. Several promising bull calves from this herd will 
be individually fed for a period of about 150 days follow
ing weaning, and from this group bulls will be selected 
on the basis of performance and conformation to be used 
the next year on the cows in this herd. This will neces
sitate a certain amount of inbreeding as time goes on, 
but if two or more bulls are used each year the increase 
in inbreeding should not be too great. 

At the present time, the two herds used in this study 
include 126 purebred cows, 29 two-year-old heifers, 23 
yearling heifers and 104 calves produced during the 1956 
season. 
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This is a long time experiment and because the 
generation interval is so long in cattle several years will 
be required before the effectiveness of the two breeding 
plans can be compared in a conclusive manner. 

The calving percentage at weaning for the "open 
herd" was 95 percent as compared to 87.2 percent for the 
"closed herd". The calves from the "closed herd", how
ever, averaged 19 pounds more at weaning and their 
weaning score was slightly higher. Since the bulls used in 
the "closed herd" had proved themselves to be superior 
on individual feeding tests as yearlings, this would in
dicate that they were transmitting rapid rates of gains to 
their offspring. A greater difference might be expected 
between calves in the "open" and "closed" herds if the 
calves had been fed out to market weights. 

Nineteen dwarf carrier cows and cows that had calved 
late the previous year were mated to a young bull from 
the "closed" herd. Eighteen normal calves and one dwarf 
calf were weaned from this group. 

Seven yearling bulls were performance tested in the 
winter of 1955-56 and their records are shown in Table 2. 
These bulls were from four different sires and were self
fed a mixed ration in individual feeding stalls. At least 
two of these bulls will be used in the "closed" herd for 
breeding purposes during 1957. 

Heifers from the 1955 calf crop were fed by sire 
groups during the winter of 1955-56 and their records 
are shown in Table 3. Since a high rough ration was fed 
to these heifers their gains were much slower than those 
of the bulls fed individually. It is of interest to note, 
however, that considerable difference was noted in heifers 
from different sires in their ability to make fast gains on 
the high roughage ration and especially in the amount of 
T.D.N . required to produce each hundred pounds of gain. 

Individual feeding of a number of bulls and group 
feeding the heifers from various sires will be continued 
during 1956-57. 

B. To develop more accurate and useful measures of per
formance in beef cattle. In order to develop more accurate 
and useful measurements of performance in beef cattle, 
it is necessary first to study some of the factors that af
fect growth rate during the various periods of growth. 
These include both genetic and environmental factors. 

Data were studied which were obtained in a single 
season from the registered herd of Hereford cattle which 
were the property of the San Carlos Apache Tribe, San 
Carlos, Arizona. The 323 calves in the study were sired 
by eight different bulls by means of artificial insemina
tion. All cows calved in small pastures and the time of 
birth of each calf and it's birth weight was obtained by 
men who rode the pastures twice daily. 

The average gestation period for the 323 calves was 
287 days, and all birth weights were corrected to this 

average gestation length. This was done by determining 
the regression birth weight on the length of gestation 
and using a "b" correction factor. The intra-uterine 
growth rate was then determined by dividing the cor
rected birth weight by 287 days. The post-uterine growth 
rate was determined by calculating the average daily gain 
made by the calves from birth to weaning. All weaning 
weights were corrected to a 205 day basis. 

In this study the sex of the calf and the age of the 
dam were important factors affecting both intra-uterine 
growth rates in beef calves. The time of the year when 
the calves were born was tested on a within sire basis 
and was found to be a significant source of variation in 
growth rate in the progeny of some bulls. 

Post-uterine growth rate was more variable than 
intra·uterine growth rate as might be expected. The 
genetic correlation between intra-uterine and post-uterine 
growth rate was .72, indicating that many of the same 
genes affected the rate of gain in both of these periods. 

The heritability of differences for intra-uterine and 
post-uterine growth rate were 27 and 28 percent respec
tively, indicating that some progress could be made by 
selecting for either trait. 

Other data collected in the same herd during the 
years from 1940 to 1944 were studied to determine the re
peatability and heritability of fertility scores in Hereford 
range cows. This is of considerable interest and is of im
portance because if fertility is highly heritable selection 
for this trait should result in an increase in fertility in 
the herd. 

The following scoring system for fertility was used 
in this study: 

Fertility Score 

1 
2 
3 
4 
5 
6 

Components of Score 

One service and a calf 
Two services and a calf 
Three or more services and a calf 
One service and no calf 
Two services and no calf 
Three or more services and no calf 

Fertility scores as described above were calculated for 
a total of 284 cows born in four different years. These· 
cows had two or more records in which the repeatability 
coefficient of the fertility score could be calculated. Data 
were also summarized for 140 cows in which records were 
available for their first three successive calving seasons. 
In addition, heritability estimates for fertility scores were 
calculated by the paternal half-sib method for cows born 
in five different years. 

The data obtained indicated that the fertility score 
for the cows in this study was not highly repeatable nor 
was it highly heritable. In fact, both coefficients were 
close to zero, on the average, indicating that little pro-
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gress could be made by selection to improve this trait and 
that an extremely large percentage of the variations were 
caused by environmental factors . This does not rule out 
the fact , however, that there may be certain factors in
herited as simple recessive traits, which may cause the 
lack of fertility in the herd. 

Another study was made during the year to deter
mine if the tests now used for semen quality can be cor
related with the fertility of bull as measured by concep
tion rate. The study also had as one of its objectives to 
determine the effects of inbreeding on heterosis and fer
tility. 

Sixty-six purebred Hereford and Angus bulls at the 
Beef Cattle Research Station at Fort Robinson, Nebraska 
were tested, during 1956, for semen quality by several of 
the known semen quality tests. The semen was collected 
before and after the normal breeding season by the elec
trical ejaculation technique. The usual motility rating 
of the spermatozoa plus a determination of the percent 
progressive motile, percent weakly motile, and percent 
non-motile sperm were given each ejaculate. Also the per
centage of live sperm and the concentration of sperm per 
cubic millimeter of semen was determined in each ejaculate. 

Twenty-two of these bulls were pasture-mated to 442 
cows representing 13 different lines of breeding during 
June and July, which is considered the normal breeding 
season for that region of the country. Two bulls represent
ing each line of breeding were mated to cows from four 
different lines. One line was the same as the bulls and 
the other three were outcross lines. 

C. To further test techniques of identifying "dwarffree" 
and "dwarfcarrier" beef animals. Several different approaches 
to this problem have been made during the past year. 
One was to inject large doses of glucose into the jugular 
vein to see if the dwarf could restore the initial level of 
glucose in the blood as quickly as normal appearing cat
tle. Another method was to inject insulin into the jugu
lar vein and then determine if the dwarf could raise the 
level of sugar as quickly as normal appearing animals. A 
third approach grew out of the second study, in which 
total white cell counts were made for a period of hours 
after insulin injections in dwarfs , carrier and pedigree 
clean individuals. In this study, the use of differential 
counts to determine the percentage changes in lympho
cytes and neutrophiles after insulin injections also were 
used. The last method of study was to determine if 
dwarfs and normals differed significantly in the resistance 
of the red cells to hemolysis when the blood was diluted 
with hypotonic salt solutions. The results of these studies 
will be reported separately. 

Blood Sugar Determinations 
One hundred and sixty different animals were used 

for blood sugar determinations during the year. Two dif
ferent methods of blood sugar analysis were used. These 
were the modified Folin- Wu and the Nelson-Somogyi 
methods and the determinations were made in assumed 
"clean", known "carriers" of the dwarf genes and dwarf 

beef animals. 
In general, the two methods of sugar analysis were 

in agreement, but in some samples the two methods 
showed considerable variations. It appeared that for blood 
samples containing large amounts of sugar the two meth
ods were comparable, but for those samples with ex
tremely low levels of blood sugar the Folin-Wu method 
was superior. 

Regardless of the method used, the results obtained 
during the year showed rather clearly that dwarfs differed 
from normal cattle in their ability to restore their blood 
sugar level to normal after insulin injections. This was 
illustrated in several tests in which the initial blood sugar 
level of the dwarfs was lower than that of normal cattle, 
fell to a lower level and more quickly after insulin in
jections and did not return to the initial level, in many 
cases, for several hours . This indicates that the dwarfs 
tested were deficient in some adrenal or pituitary hor
mones. Although the results were 'not so clear-cut there 
was a tendency for "carrier" cows, on the average, to lag 
behind "pedigree-clean" cows in their ability to restore 
their blood sugar to the initial level after insulin. 

Intravenous injections of glucose were given to 20 
dwarf cows, bulls and calves. Thirty minutes after these 
injections the blood suga~ level in the dwarf was ex
tremely high, but within one to two and one-half hours 
it had returned to normal. It was concluded from this 
that the dwarfs were not lacking in ability to lower their 
blood sugar to the normal level after glucose injections. 

Various hormones were administered to dwarf ani
mals to measure their ability to respond in a normal man
ner. Injections of growth hormone caused only a slight 
increase in blood sugar for a 12lh hour observation peri
od. The administration of adrenalin to two dwarfs result
ed in a four-fold increase in the blood sugar level in 30 
minutes. This remained high for a period of six to eight 
hours and then returned to normal. Injections of dwarfs 
with ACTH caused very little change in the blood sugar 
level for 20 hours and even then only a slight increase in 
blood sugar was noted. Injections of cortisone into two 
different dwarfs caused no increase in blood sugar for a 
period of 12 hours. In fact, after cortisone injections the 
blood sugar level never equalled that of the initial sam
ple during the observation period. This phase of the work 
needs to be intensified by observing the response of nor
mal and carrier individuals to a similar hormone injec
tion. Possibly this could lead to a more definite under
standing of the physiological causes of dwarfism in beef 
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cattle. (Projea 198) 

Economic And Technical Feasibility Of Retail 
Distribution of Frozen Meats 

D. C. Brady, O. J. Kahlenberg, N. B. Webb, 
E. Birmingham, H. D. Naumann, Nelson Rolf, 
J. L. McBee, A. M . Mullins, Steve Zobrisky 

OBJECTIVES: 

To determine the technical feasibili~y of frozen meat 
distribution. 

REPORT OF PROGRESS: 

One of the problems associated with the production 
and maintenance of high quality frozen meats is the color 
deterioration of red meats displayed in transparent pack
aging materials, when exposed to light in display cases. 

This study is concerned with studying the effect of 
(1) light intensity, (2) duration of exposure to light, (3) 
previous storage treatments, (4) storage temperature, (5) 
packaging film on the color fading of frozen meats. 
. Top round steaks packaged in a modified polyviny

hdene chloride film, a polyvinylidene chloride film with 
an opaque material covering one-half the surface of the 
meat, and a polyethylene-mylar laminate film were sub
jected to the following treatments: light intensities of 
25 to 50 foot candles; duration of exposure to light 1200, 
2400, 3600 and 7200 foot candle hours; prior frozen stor
age of 0, 1, 2, and 4 weeks, storage temperatures of 0° F 
and 10° F. 

Color deterioration of the meat was measured with 
a Photo-volt color reflectance meter, comparative color 
photographs, were taken and color panel scores were 
recorded. 

The data are now being treated statistically and only 
preliminary results are available. Indications are that the 
polyethylene-mylar laminate is superior to the other films 
used, so far as slowing down color deterioration of frozen 
meats is concerned. Results show that a temperature of 
10° F is not adequately low, since deterioration of color 
to the extremely undesirable state was found at 1200 foot 
candle hours of exposure at this temperature. (One-half 
of each steak, packaged in an identical manner, was stor
ed in the dark and served as a control). 

Summary 

A satisfactory frozen beef stew has been prepared up 
to the final stage of development. The general percentage 
composition of the frozen beef stew consists of diced 
meat 39:40, rendered suet 2.45, frozen carrots and peas 
11.91, dlCed potatoes 11.91, waxy rice flour 2.45, salt 0.79, 
white pepper 0.02, monosodium glutamate 0.22, and 
w~ter 30.86. Additional investigations with possible 
mmor changes in composition are now necessary to de-

termine the minimum amount of water which can be 
utilized in the final development of a concentrated stew. 

Quantities of the final concentrated stew will then 
be processed, frozen , reheated and submitted to a labora
tory panel for judgement of the feasibility of the product, 
quality retention and acceptance. Palatability studies of 
the freshly prepared stew and subsequent periodic ex
amination of the stored stew as well as some chemical 
tests will be conducted to determine the retention or 
changes in flavor of the stew as a result of processing and 
frozen storage. (Project 217) 

Economic Significance of Pork Grades 
And Consumer Acceptability 

OBJECTIVES: 

D. E. Brady, H. D. Naumann, 
Eugene Birmingham 

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 
retedl stores. 

RESULTS: 

A pork sales study was conducted using over nine 
thousand hams and approximately eight thousand pork 
loins. The study was designed to measure the relative 
sales of "lean" and "regular" grades of these pork cuts 
when displayed in a comparable manner. 

The product was obtained from a midwestern packer 
and was merchandised through fourteen stores of a retail 
grocer chain located in Kansas City. The hams and loins 
were selected from carcasses of known backfat character
istics. 

The grading of the cuts was based upon the propor
tion of inter-muscular fat at the blade end of the loin and 
at the cut surface of the ham between the center and 
shank portions. Hams as lean or leaner than the ham on 
the left were graded "lean" and hams as fat or fatter than 
the ham on the right were graded "regular". 

One of the most significant findings of this study is 
the relatively low proportion of "lean" cuts from carcasses 
in the U. S. Medium and U. S. No. 1 grades. 

TABLE 1. DISTRIBUTION OF HAMS FROM 
PORK CARCASSES 

Hams 
Pork Carcass Lean Regular 

Grade % % 
u. S. Medium 61.2 38.8 

U. S. No.1 47.5 52.5 

U. S. No.3 34.8 65.2 
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TABLE 2. DISTRIBUTION OF LOINS FROM 
PORK CARCASSES 

Loins 
Pork Carcass Lean Regular 

Grade % % 
u. S. Medium 64.0 36.0 

U. S. No.1 53.3 46.7 

U. S. No.3 28.8 71.2 

These results indicate, first, that many U. S. Medium 
and U. S. No.1 carcass are not meat-type and, second, 
that some potential meat-type hogs are being over
finished before being sent to market. 

The extent of preference for "lean" and "regular" 
grades of pork is reported in Agricultural Economics 
Project #216. (Project 218). 

Estrus, Ovulation, And Nidation In the Female 
And Spermatogenesis And Related Functions In 

The Male 

J. F. Lasley, John Massey, Mike Miiicevic 

OBJECTIVES: 

A. A study of carbohydrate metabolism in swine as re
lated to growth and reproduction. 

B. To study endocrine factors involved in embryonic mor
tality in swine. 

REPORT OF PROGRESS: 

A. A study of carbohydrate metabolism in swine as re
lated to growth and reproduction. For all practical purposes 
glucose is the only form in which carbohydrates are 
transported in the body, and the various body tissues re
quire blood glucose for the maintenance of their metabo
lic functions. In most mammals, the glucose level in the 
blood is maintained within a range of 60 to 90 percent. If 
the level of glucose in the blood varies too much above 
or below this range for a considerable length of time, 
body disfunctions and even death may result. The main
tenance of the normal glucose level in the blood, there
fore , is of considerable importance and through research 
work with dogs and small laboratory animals it has been 
found that several body organs and their secretions are 
involved. 

The pancreas secretes a hormone called insulin that 
plays a very important part in the maintenance of the 
normal sugar level. A lack of insulin in the body results in 
an increase in the glucose level in the blood to the point 
where it may spill over into the urine. In humans, such 
a condition results in a disease known as diabetes and is 
often fatal unless proper treatment is given. It is known 
that a similar condition can exist in farm animals al
though not too much information is available on this 
subject. 
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The anterior pituitary gland secretes the growth hor
mone and ACTH which are responsible for the mainten
ance of the normal glucose level in the blood. Growth 
hormone and ACTH which work indirectly through the 
adrenal glands, seem to be antagonistic to insulin as far 
as the maintenance of blood glucose is concerned. These 
hormones tend to cause the glucose level in the blood to 
rise whereas insulin causes it to decrease. Therefore, the 
normal blood glucose level is dependent on the proper 
balance between these various hormones. 

The knowledge gained through studies with small 
laboratory animals has also demonstrated that when the 
animals are subjected to metabolic stress, as is the case 
when insulin is injected, a rise or fall in the blood sugar 
level can be detected which is characteristic of the action 
of the various hormones involved. In other words, tests 
can be conducted in which it is possible to detect dis
turbances in the hormone balance, and in many cases it 
can be determined which hormone or hormones, are 
deficient. A thorough understanding of the hormone me
chanism in the live animal, might make it possible to 
select for breeding purposes those with potentially good 
performance, or help to determine what hormones are 
needed for proper growth and reproduction in some ani
mals. 

Preliminary studies on the effects of insulin on blood 
glucose in swine were conducted during the year. A total 
of 69 pigs of different ages, sexes, weight and breeds have 
been used in this study to date. 

The results of the preliminary work indicated that 
insulin had its most hypoglycemic effect on swine in the 
summer months, and that more insulin is required to 
lower the blood sugar level to a similar degree in the 
winter months. This is to be expected because the pigs 
are under a constant stress and their glucocorticoids are 
being secreted at a higher rate during the winter months 
because the need for energy is greater. 

B. To study endocrine factors involved in embryonic mor
tality in swine. Approximately one-third of all eggs shed 
by the sow at the time of ovulation fail to result in live 
pigs at parturition. Previous work at this station has 
shown that the bulk of this embryonic mortality occurs 
at the time of implantation or immediately thereafter, and 
that overcrowding in the uterus or a primary or secondary 
uterine deficiency may be the most important of many 
causes of fetal mortality. 

Pilot experiments with rats in the past have indicat
ed that progesterone and estrone in the ratio of 2000 : 1 
resulted in an increased number of implantations. This 
may have been through a beneficial stimulation of the 
pregnant uterus, and it is possible that similar treatment 
in swine might also result in less embryonic and fetal 
death losses. Such a study is now in progress at this sta
tion. 



Twenty open Landrace x Poland crossbred gilts of 
different ages and body weights varying from 100 to 250 
pounds were slaughtered from June 27, to September 25, 
1956 for the study of the relative development of the re
productive organs, age at maturity and the changes in the 
reproductive tract as a result of sexual maturity. The gilts 
which had either ovulation points or fresh corpora lutea 
were classified as mature. The puberal age was calculated 
from the date of birth to the date of maturity. 

Fifty gilts were employed for the study of the 
embryonic mortality. Forty-one of these gilts were Land
race x Poland crossbreeds, and nine were purebred Durocs. 
These gilts were born during the period between March 
15, and April 15, 1956, at the Missouri Agricultural Ex
periment Station. The gilts were weighed at weekly in
tervals during the growing-fattening period and as soon 
as they reached 200 pounds of body weight, some of the 
phenotypic traits, such as body length, heart girth, flank 
girth, and backfat thickness were measured. The gilts 
were then transferred to pasture. Daily checks for symp
toms of estrus were made and the gilts were bred to un
related Landrace x Poland crossbred boars at the first heat 
during the period of August 19 to October 31, 1956. Five 
different boars were used for breeding purposes. 

The fifty gilts were divided into five different groups, 
and they were subjected to the different treatments. 

The data are now being subjected to detailed stat
istical treatment and hence the pertinent figures are not 
yet available. However, some of the general observations 
may be reported. 

Hormonal therapy, in general, seems to improve the 
intra-uterine environment. The uteri of the treated ani
mals were more vascular and contained more uterine 
fluids. The treatment seems to stimulate the growth of 
the weaker embryos. The generally accepted philosophy 
that the average weight of the embryos tends to be in
versely proportional to the litter size is disputed by our 
results. In the control group where the litter size was 
only 7.9 the mean weight of the 55 day embryos was 
77.30 grams whereas, in the treated groups II, III, IV and 
V with litter sizes 9:0; 8.67; 9.0 and 10.67 the mean 
weights were 79.99, 74.0, 84.26 and 78.25 grams respec
tively. The uteri of the treated animals were more dis
tended and remarkably heavier with greater amounts of 
uterine fluids. The embryos of the treated groups were 
healthier in appearance and chemical investigation of 
their body composition is being carried out to determine 
the nature of the apparent growth. The exogenous hor
mone therapy seems to exert greater beneficial effects on 
some animals than others. Apparently, an inter-action be
tween the genetic makeup for the endocrine secretion 
levels and the treatments is indicated by this study. (Pro
ject 222) 

Returns From The Use Of Sheep On Small Fertile, 
Irrigated Areas 

L. A . Weaver, A. J. Dyer, Armond Moles, Clarence Bradley 

OBJECTIVES : 

To find out how the following affect sheep produc
tion, using response of ewes and lambs as criteria: 
A. Different pasture, i.e. , a comparison of orchard grass

ladino clover, orchard grass-Korean lespedeza, orchard 
grass alone. 

B. Irrigation of said pastures. 
C. Adding nitrogen to irrigated pastures. 

RESULTS : 

Carrying capacity was doubled, approximately 
through irrigation (20 inches water, 2 inches in each of 
10 applications at biweekly intervals- Treatment A) of 
orchard grass-Iadino mixture and orchard grass-lespedeza 
mixture; however, orchard grass alone yielded only 40 
percent increase. Adding nitrogen periodically, i.e., 53.6 
pounds per acre with each of three applications in addi
tion to the foregoing irrigation, further increased the car
rying capacity by approximately 30 percent in orchard 
grass-Iadino clover and orchard grass-lespedeza mixture. 
Average rate of daily gain for the suckling period (73 
days) significantly favored the control pastures, i.e., gains 
of .783, .799 and .490 occurred on control pastures while 
comparable gains under treatment A were .458, .428, and 
.520 respectively. And under treatment B .419, .441, and 
.560. Rate of gain during post weaning (75 days) showed 
the same response but the gains were materially lower. 
Controls gained .214, .142 and .179; treatment A, .174, 
.064, and .158; treatment B, .081, .133 and .087. Severe 
stomach worm infestation occurred in spite of all that 
was done to prevent it, i.e., drenching of ewes prior to 
pasturing, constant access to phenothiazine-salt mixture, 
biweekly treatment of ewes and lambs with drench. 
Deaths occurred among both ewes and lambs, the latter 
at 14 percent of the total, largely during September. 
Deaths occurred from that cause even in dry lot after the 
grazing season. Sheep grazed selectively and obliterated 
the Korean lespedeza under all treatment-also the ladino 
clover in the control lot which received no additional 
moisture. (Project 235) 

Rations For Fattening Cattle 

L. A. Weaver, A. J. Dyer, Clarence Bradley 

OBJECTIVES: 

To determine the efficts of additives in the cattle fat
tening ration. Rate and efficiency of gain and quality of the 
finished product were the criteria for measuring results. 

RESULTS: 

In two feeding trials, 1956, additives were tested in 
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fattening rations. In the first, 10 milligrams of hexestrol 
added daily to a control ration of ground ear corn, soy
bean meal, alfalfa hay, and mineral had the following ef
fects: Rate of gain, increase of 20 percent, 3.39 compared 
with 2.82 pounds; more feed consumed by five percent; 
higher carcass grade by Y3, high good compared with 
average good; higher dressing percentage- .2 percent 
greater shrink to market by .75 percent. 

In the second test, cattle weighed 950 pounds initial
ly. The control ration consisted of ground shelled corn, 
soybean meal, alfalfa hay, and mineral mixture. Additives, 
in every case, increased the rate of gain, i.e., rumen ex
tract, fed only during the first 28 Jays, .5 pound; special 
supplement, .2 pound; 36 milligram hexestrol implant, 
.76 pound; hexestrol fed orally (10mg.), .57 pound; de
layed hexestrol implant, .2 pound. 

Additives improved utilization of feed, i.e., the 
amount required per unit gain was decreased in all but 
one case. The implanted group, 17 percent less corn; oral 
feeding, 13 percent less corn, delayed implant (after 56 
days), 6 percent less corn, special supplement, more feed, 
3 percent more corn. Shrinkage in transit was greatest for 
the hexestrol implanted group, 77 pounds compared with 
a range of 43 to 55 pounds for the other lots. All lots 
graded the same in the carcass except those fed hexestrol; 
they graded high good compared with average good for 
the other lots. (Project 237) 

Effect Of Handling On Beef Carcass Quality 

L. A. Weaver, D. E. Brady, J. E. Comfort, 
H. B. Hedrick, D. W. Zinn, A. M. Mullins, 

Steve Zobrisky 

OBJECTIVES: 

To study the influence of stress and remedial mea
sures on the physical and chemical characteristics of the 
live animal and subsequent carcass. 

RESULTS : 

Our studies during the past year on 30 animals 
further substantiates our report of 1957 that dark cut
ting beef is caused by cattle being subjected to stress for 
approximately one day antemortem. Stress arouses the 
sympathetic nervous system which then via the splanchnic 
nerves stimulates the adrenal medulla to secrete adrenalin 
in increased amounts. Adrenalin activates the phos
phorylase enzyme systems in the liver and muscle to 
promote glycolysis which results in hyperglycemia being 
produced. The fact remains that adrenalin produces 
hyperglycemia. After a subcutaneous injection of 2-3 mgs. 
of adrenal in per 100 pounds live weight the blood sugar 
level rises more than three fold. Glycosuria is also pro
duced as a result of the blood sugar level exceeding the 
renal threshold. 

The activation and continued stimulation of the 
sympathetic-adrenal medulla mechanism over a period 
of time will result in a rapid depletion of the muscle 
glycogen. The amount of glycogen present in the muscle 
of the animal at the time of slaughter governs the amount 
of lactic acid formed postmortem. Lactic acid formation 
lowers the pH of the muscle. The color and the pH of 
a muscle are very closely related. In a normal animal suf
ficient glycogen is present which after death is converted 
to lactic acid and will lower the pH of the muscle to 5.4, 
the iso-electric point of muscle. However, when an ani
mal has been stressed and its muscle glycogen diminish
ed there is not sufficient lactic acid formed to lower the 
pH to the iso-electric point. Consequently, the resulting 
carcass cuts dark. As in the case of animals 59 and 72 the 
resulting pH of the carcasses were 6.0. 

Upon activation of the sympathetic-adrenal medulla 
mechanism of an animal, other defense mechanisms in 
the body are activated as a result of the stress produced. 
The anterior pituitary is stimulated to secrete adreno
corticotrophic hormone (ACTH) which in turn stimulates 
the adrenal cortex to secrete hydrocortisone. Hydrocorti
sone deaminizes amino acids and tissue proteins leaving 
short chain carbon fragments which can be synthesized in 
the liver to glycogen. The nitrogen from the amino acids is 
excreted in the urine. This is demonstrated where the N2 
in the urine rises two to three fold 16 to 21 hours after 
adrenalin was administered to the animal. 

The administration of 1, 2, and 3 mgs. of adrenalin/ 
100 pounds live weight over a 23 hour period antemortem 
depleted the muscle glycogen to the extent that the pH 
values of the subsequent carcasses were 5.55, 5.75, and 
5.16 respectively. The three mg. dosage/lOO pounds live 
weight produced a dark cutting carcass, the two mg. dos
age a shady carcass and the 1 mg. dosage no appreciable 
effect upon the color of the muscle. 

The administration of at least 75 mgs. of hydro
cortisone per 100 pounds live weight prior to the ad
ministration of adrenalin will in most cases aid in help
ing to alleviate the pronounced effect of adrenalin upon 
muscle glycogen depletion. Our studies with 12 animals 
given hydrocortisone prior to the administration of three 
mgs.l1oo pounds live weight of adrenalin, 10 of the car
casses ranged in pH from 5.45 to 5.7 and the other two 
with pH values of 6.0 and 6.15. The administration of 
three mgs.l100 pounds live weight of adrenalin 24 hours 
antemortem will deplete the muscle glycogen to the ex
tent that the subsequent pH value of the carcass will 
range from 6.0 to 6.2. 

The administration of three mgs.l100 pounds live 
weight of adrenalin 48 to 72 hours antemortem produced 
carcasses with pH values of 5.6 to 5.7. 

Animals which have been subjected to stress which 
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would produce dark cutting carcasses will after a 24-48 
hour rest period yield carcasses with improved color. (Pro
ject 238) 

Mineral Nutrition Of Ruminants 

W. H. Pfander, L. A. Weaver 
G. B. Thompson, W. C. Ellis 

OBJECTIVES : 

Twelve, 60-pound Colorado ewe lambs were started 
November 19, 1955 on a low calcium ration consisting of 
timothy hay, corn, and cottonseed meal in an attempt to 
produce so-called "stiff lamb" disease. The calculated com
position and the N. R. C. reco m mended allowances are 
shown below in Table 1. 

TABLE I. 

1. Ration Percentage Composition* 
2. National Research Council Recommended Allowances 

Dig. Prot. T.D.N. Fat. Fiber Ash Ca p 

1. 7.49 66.1 2.84 18.75 12.24 3.15 .12 .41 

2.** 7.3 58.0 .22 .20 

* Calculated from analyses of timothy hay and Morrison's average values for corn and cottonseed meal. 
** Based on 90 percent dry matter basis for 70 pounds ewes with three pounds air dry feed intake. 

Approximately 30 days after the start of the experi
ment, some sluggishness and possibly slight soreness was 
observed for two or three days; no lameness or stiffness 
developed. The mixed ration with chopped hay was not 
too palatable and anorexia developed. The addition of 
corn molasses increased feed consumption slightly. When 
the hay was ground, feed consumption increased to the 
extent that the feeding of corn molasses was discontinued. 

During the period November 1955 to September 
1956, the ewes were fed equal feed determined by the 
amount consumed by the animal with the lowest ap
petite in approximately 11h hours at each of two daily 
feedings. Palatability was the limiting factor in feed con
sumption until lot self feeding was initiated in September 
1956. The daily consumption ranged from 11h pounds 
per head when hand fed twice daily and approximately 
31h pounds per head per day while self-fed. 

One ewe died on March 1, 1955. Veterinary diagno
sis indicated death was due to inadequate rumen func
tion resulting from old foundered condition probably 
prior to start of experiment. (Project 248). 

Changes In Physical Structure Of Roughage 
During Growth And Digestion 

L. A. Weaver, W. H. Pfander, G. B. Thompson, 
Donald Lyons 

RESULTS: 

obtained at intervals during the growing season. The 
plants were weighed, separated into leaf, stem and (if 
possible) seed. 

Sub samples of each fraction were placed in silk bags 
and suspended in the rumen of mature sheep and cattle 
for periods of 2 1h, 5 and 10 hours. 

Samples have been delivered to the Physics Depart
ment for examination by the electron microscope and the 
determination of the x-ray diffraction patterns. 

For almost a year the Physics Department did not 
have personnel to make the necessary examinations, but 
they have now obtained the services of a man who is 
calibrating the electron microscope and improving his 
technique with the x-ray diffraction apparatus. Analyses 
are now being made. (Project 250) 

Efiect Of Nitrate In Feedstufls On Performance 
Of Cattle And Sheep 

L. A. Weaver, W . H. Pfander, j. L. Ketchum 

REsULTS: 

Three Shropshire Wether lambs were obtained from 
the University herd in mid-July, 1956. They were im
mediately started on a small amount of oat hay, chopped 
in a hammer-mill with a one-half inch screen. This ra
tion was refused. To make the ration more palatable 
black strap molasses was added. The potassium nitrate 
was dissolved in warm water and added to the molasses. 
A fresh ration was mixed each day. The test ration is 

During 1956 samples of wheat and lespedeza were shown in Table 1. 

Lamb Number 

Oat Hay 

Molasses 

Potassium Nitrate 

TABLE 1. RATION COMPOSITION 

Control 0.5% KN03 

53 

400 gm. per day 

100 gm. per day 

o 
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52 

400 gm. per day 

100 gm. per day 

2.5 gm. per day 

51 

400.0 gm. per day 

100.0 gm. per day 

5.0 gm. pe.r day 



Individual feeding stalls were used for the prelimi
nary feeding phase. At the end of the preliminary feed
ing phase, the lambs were put into collecting crates. A 
seven day collection period was used, and collections were 
made each day at 4 p.m. Approximately 400 mgm. of 
toluene were added to each urine collecting bottle as a 
preservative. Total fecal production was weighed and a 
20 percent sample was taken for compositing. Total 
urine output was measured in a graduate cylinder and 
five percent of the total was retained for compositing. 
Urine samples were stored at approximately 34 degrees 
Fahrenheit . Feed refusals were collected dail y to avoid 
sounng. 

Total nitrogen was determined in the fecal and 

urinary samples by the Kjeldahl method with the fol
lowing modifications: the catalyst was a combination of 
copper sulfate 0.08 grams, potassium sulfate 9.9 grams, 
and mercuric oxide 9.41 grams. A two percent boric acid 
solution was used as the receiving fluid during distilla
tion. All samples were analyzed in duplicate. Percentage 
values were averaged when they were within two partS 
per 100 of each other. 

The nitrate content of the blood was determined by 
the Agricultural Chemistry Department using the Micro
biological Determination of Nitrate Method by Garner, 
Baumstark, Muhrer, and Pfander, Analytical Chemistry, 
Volume 28, 1589-91 , 1956. Results are shown in Tables 
II, III, and IV. 

TABLE II. AVERAGE DAILY EXCRETIONS AND NITROGEN CONTENT 

Final Feces Feces Urine 
Sheep Wt. Excreted Composition Urine Composition 

No. Lbs. (dry wt) (%N) Excreted (mgm. N. per Ml.) 

51 44 194.58 gm. 1.48 1545.57 mI. 3.20 
52 41 206.35 gm. 1.42 1374.14 mI. 2.10 
53 45 162.48 gm. 1.88 596.29 ml. 5.85 

TABLE III. NITROGEN BALANCE 

Nitrogen intake per day 

Sheep No. Ration KN03 

51 7.025 gm. 0.692 gm. 

52 7.025 gm. 0.346 gm. 

53 6.597 gm.* 0.0 

* Sheep number 53 refused 213 grams over entire period. 

TABLE IV. NITRATE CONTENT OF BLOOD* 

Lamb No. KN03 Intake N03 in blood mgm. % 

51 1.0% 0.286 

52 0.5% 0.279 

53 0.0% 0.173 

* Samples were taken eight hours after feeding. 

CONCLUSIONS: 

1. Nitrate nitrogen can be utilized by lambs on a 
poor quality ration containing molasses. One-half percent 
potassium nitrate of the ration gave better nitrogen utili
zation in this test. 

2. Lambs vary in their ability to utilize nitrogen. 
The feces and urine of the control animal had a higher 
percentage of nitrogen than the others. 

3. There were no visible effects from the nitrate 
levels. Nitrate content of the blood did correspond to ni
trate intake. (Project 251) 

Nitrogen excreted 
per day Nitrogen 

Feces Urine Balance 

2.880 gm. 4.946 gm. -0.109 gm. 

2.930 gm. 2.886 gm. +1.56 gm. 

3.055 gm. 3.488 gm. +0.054 gm. 

Control of Microbial Development During Meat 
Processing 

L. A. Weaver, D. C. Brady, O. J. Kahlenberg, R. L. 
Henrickson, Rhule Sleeth, George Kelly 

OBJECTIVES: 

To determine the optimum environmental conditions 
for holding or aging beef of various qualities. 

REPORT OF PROGRESS : 

Studies previously reported at this station show that 
beef aged at a higher temperature (680 F. ) is more tender, 
has more flavor, and ha.s more desirable cutting charac
teristics than beef aged at 340 F for a comparable period. 
In addition, the work indicates that environmental con
di dons affect moisture losses during processing. 

The organoleptic data for this study are now being 
statistically analyzed. Therefore, no final results can be 
reported. 

In the study reported last year, the data which had 
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not been completely analyzed can now be summarized as 
follows : 

1. The reproducibility of tenderness values for beef 
quarters and ribs aged three days at 57° F were found to 
be equal to those aged at 40° F for 14 days. An analysis 
of variance of the taste panel data for each palatability fac
tor showed no significant treatment difference. This indi
cates that beef aged two days at 68° F was comparable to 
that aged 14 d ays at 34° F. Although not significant, 
there was considerable variation in aroma as shown by 
the palatability committee between the treated and the 
control steaks. 

2. There was a significant relationship (.05 level) be
tween animals for tenderness which suggests that proper 
animal selection is an important phase in producing ten
der beef. 

3. Correlations of shear values for round and rib 
steaks with the palatability committee scores for tender
ness were not significant. 

4. An analysis of variance was used to determine if 
difference existed among the taste panel judges and if the 
various treatments had a significant influence between the 
judges. Mean and "F" values were also determined for 
each palatability factor as determined by individual judges. 
There was a significant difference between judges (.05 
level ) for flavor of fat , indicating the judges were not 
consistent in scoring fat samples. In addition, a significant 
difference (.05 level) for aroma existed due to differences 
in treatment as influenced by judges. 

5. The results indicated that rib steaks from whole
sale ribs aged three days at 57° F lost more moisture due 
to thawing than controls aged 40° F for 14 days. T-bone 
steaks from hindquarters aged at the high temperature 
lost more moisture during cooking than the controls. The 
loss of moisture by round steaks during thawing was 
found to vary with the steaks from different animals. 

6. No significant difference in thawing and cooking 
losses between treatment or animal was found to exist 
in those samples aged at 68° F and 34° F. 

7. Bacterial platings of internal rib samples incubated 
at 15 ° C and 37° C showed no difference in total micro
flora between ribs aged at 68° F and 34° F. This supports 
the contention that proper sanitary procedures on the 
slaughter floor and in the chill room assists in minimizing 
microbial spoilage. 

8. The total accumulative shrinkage of 16 U. S. 
Good wholesale beef ribs aged 12 days at 34° F was 4.06 
percent. The average shrinkage was 0.4 percent per day 
indicating that a consistent line relationship is formulateP 
under these cooler conditions. The average shrinkage was 
1.67 percent for 16 U. S. Good wholesale beef ribs aged 
two days at 68° F. This indicates that 1.67 percent shrink
age for two days at the higher temperature is equivalent 

to 1.40 percent shrinkage for three days at the lower tem
perature. However, taking into consideration this shrink
age and the thawing and cooking losses, the total mois
ture loss for the high and low temperature aging treat
ments was approximately the same. 

To summarize : shrinkage, cooking loss, organoleptic, 
and shear values have been determined on round, rib, 
and T-bone steaks from Choict and Good grades of beef 
aged at 68° F, 5r F, 40 ° F, and 34° F. These products 
were aged under relative humidities varying from 80 to 
90 percent and air velocities of 15 to 20 lineal feet per 
minute. Ultraviolet radiation was used to comrol microbial 
growth at the elevated temperatures. ( Project 257) 

Endocrine Secretions As Related To Growth 
Reproduction And Gene Action 

L. A. Weaver, ). F. Lasley, J ohn M assey 

OBJECTIVES: 

To study the influence of sex and various hormones 
on the body development and carcass quality of market 
hogs. 

REPORT OF PROGRESS: 

An experiment designed to study the influence of sex 
on rate of gain and carcass characteristics during the 
growing-fattening period was completed during the past 
year. Four lots of pigs from an inbred Landrace line and 
a similar number from an inbred Poland line were used 
in this experiment. The four lots ·from each inbred line 
included normal gilts, spayed gilts , boars and barrows. 
The animals were allotted as nearly as possible to the age 
and litters. 

Very little difference was noted for rate of gains by 
pigs in the different lots except the barrows made slightly 
slower gains. Normal gilts had thinner backfat, were 
longer in body and smaller in the heart girth than were 
the spayed gilts although these differences were only 
slight. A tendency was noted for the normal gilts to 
show more increase in backfat thickness between the 
weights of 100 and 150 pounds than between 150 and 
200 pounds which was opposite to the results obtained 
with the spayed gilts. Boars and barrows were very 
similar to certain body measurements, but the boars 
gained an average of 0.13 pounds more per day than did 
the barrows. 

Unlike the results with the inbred Polands, the Land
race gilts made slower gains than the boars and barrows. 
In addition, the spayed gilts made slightly faster gains 
than normal gilts which is similar to the results obtained 
with the Polands. Backfat thickness was very similar in 
pigs from the different lots with both the normal and 
spayed gilts averaging less in backfat thickness and body 
length than the boars and barrows. 
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The data obtained indicate that the male and female 
sex hormones, as measured by the removal of the gonads 
in both sexes, do have slightly different effects in the in
bred Landrace than in the inbred Polands. Since Landrace 
and Polands are no doubt different in their genetic make
up, this may indicate an interaction between hormones 
and genes in some breeds. This work needs to be repeat
ed on a larger scale and the results statistically analyzed 
before definite conclusions can be drawn. 

During the winter of 1956-57, another experiment 

Controls 

Fed stilbestrol 

Normal Spayed 
Boars Barrows Gilts Gilts 

8 

8 

8 

8 

8 

8 

8 

8 

* * * 

was planned using only Landrace x Poland crossbred pigs. 
The following is the design of the experiment: 

Eight different litters were used for the experiment 
with an attempt insofar as possible to allot one pig from 
the same litter of the eight litters in the eight lots. Only 
two pigs were used in the experiment from other litters, 
and these were from closely related to the incomplete 
litter to fill out the experimental lots. In other words, the 
experiment was designed so that factors common to lit
termates were controlled as nearly as possible previous to 

the beginning of the experiment. 
The data obtained will include rate and efficiency of 

gain, backfat and body measurements on the live hog, de
tailed carcass data on a portion of the pigs in each lot 
and information on possible influences of stilbestrol on 
the reproductive tracts and cell production in both 
normal gilts and boars. (Project 276) 

* * 

Dairy Husbandry 
A. C. Ragsdale, Chairman 

Enzymes Of The Mammary Gland 

C. W. Turner, G. W. Pipes, 
W. F. Williams, C. W. Grosvenor, 

H. G. Damm, D. R. Griffith 
T. M. A . EI-Attar 

OBJECTIVES: 

A. Study of enzyme systems of the rat mammary gland 
during pregnancy, lactation and involution. The 
enzymes studied this year were adenine and adenos
sine deaminase and guanine and guanosine deaminare. 
Our observations are being published. 

B. The desoxyribose-nucleic acid (DNA) content per cell 
of the mammary gland during pregnancy and lacta
tion has been determined as a basis for the use of 
DNA as an index of mammary gland growth. It 
has been shown that the total amount of DNA in 
the mammary gland increases under the stimulus of 
estrogen and with estrogen and progesterone. 

e. A study of the factors involved in milk "let-down" in 
the rat and methods of blocking the release of oxytocin. 
A study of the release of lactogen is being conducted 
concurrently. 

D. A study of calcium metabolism as influenced by 
estrogen. 

REPORT OF PROGRESS: 

Since all of these studies have either been published 
or have been prepared for publication, reference is made 
to the abstracts of these publications. (Project 28) 

A Study Of Mating Systems In Dairy Cattle 

A. C. Ragsdale, e. P. Merilan, P. R. Cornelison, K. W. 
Bower, L. R. Rainey, H. S. Peet, H. A. Ball 

OBJECTIVES: 

To determine the relative merits of various breeding 
plans and practices as measured by production, reproduc
tion, and related physical functions, for developing im
proved strains 0/ dairy cattle. 

DETAILED RESULTS: 

Preliminary analysis of blood type, production, and 
type classification data did not indicate any particular 
blood antigen to be associated with the production and 
type classification characteristics included in the study. 

A study is being made of the reproduction records of 
the Missouri Campus herds of Guernseys, Holsteins and 
Jerseys for the period from 19~4 to 1955. This study is 
limited to services during the first three heat periods for 
the second through the seventh calf and includes 487 
cows with 665 calvings from 1093 services. First service 
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calving rate declined from 64.9 percent for calf No.4 to 
40.0 percent for calf No.7. The optimum postpartum 
period for conception as indicated by the average first 
service calving rate for 2nd through 7th calvings was 71 
to 85 days; however, the difference in calving rates for 
the various postpartum periods was most pronounced for 
the 5th through the 7th calf. The average first service 
calving rate for all cows bred during the first, second and 
third postpartum heat periods was 62.6, 59.7, and 56.9 
percent respectively. 

A preliminary study of the gestation records for the 
Holstein and Jersey herds show some variations in length 
of gestation period which appear to be related to the sire; 
however, the variations are relatively small and possible 
seasonal effects have not been eliminated from the data. 

Production data for animals involved in this investi
gation which indicates long time practical results in terms 
of herd improvement are as follows: Twenty-five years of 
Herd Improvement Registry Testing of Jersey cattle at 
the Hatch Dairy Experiment Station Farm, Hannibal, 
Missouri, has resulted in a 25 year herd average of 7130 
pounds of milk and 392 pounds of fat. The 1956 produc
tion was 7969 pounds of milk and 409 pounds of fat. The 
Station Jersey herd in Columbia this last year averaged 
6407 pounds of milk and 369 pounds of fat. The Hol
stein herd which averaged 10,869 pounds of milk and 360 
pounds of fat in 1928 averaged 11,145 pounds of milk 
and 427 pounds of fat in 1956. The Foremost Guernsey 
herd with 159 cows of producing age, including a num
ber of aged cows held for their breeding value, averaged 
8530 pounds of milk and 400 pounds of fat. There were, 
on the average, 134 cows actually in milk and they pro
duced 10,140 pounds of milk and 473 pounds of fat per 
cow in 1956. (Project 35) 

Factors Influencing Ice Cream Quality 

w. H. E. Reid, K. L. Smith, D. S. Shelley, G. F. Dickensheet 

OBJECTIVES: 

To determine the influence of the factors listed below 
on the flavor, body, texture, meltdown properties and con
sumer acceptance of the resultant ice cream. 
A. New types of sweeteners such as liquid sugars and 

syrups. 
B. Spray processed dehydrated ice cream mixes and result

ant ice cream. 

PROGRESS REpORT: 

A. New types of liquid sweeteners for ice cream: several 
different types of liquid and crystalline sweeteners have 
been studied. A standard mix of 12.00 percent fat, 11.00 
percent serum solids, 15 .00 percent sweetener and 0.30 
percent stabilizer was used in the control mix. Fifteen dif
ferent series, consisting of two different mixes per series, 

have been investigated. The data show that: liquid sugar 
is a more sanitary and convenient way of furnishing sugar 
solids for ice cream mix and if sole source of sugar solids, 
15 to 17 percent was more desirable as to flavor, body, 
meltdown and texture; corn syrup of satisfactory quality 
imparts milder flavor; as percent of low conversion corn 
syrup is increased and sucrose decreased a milder flavor 
and improved body and texture results; high conversion 
corn syrups are not superior to low conversion type as 
to flavor, body, texture, and meltdown; if used in excess 
of three percent, high conversion corn syrup may impart 
syrup flavor and does not have body building properties 
observed in low conversion corn syrup; viscosity of mix 
increased by low conversion syrup; corn syrups do not 
effect total acidity, pH, and protein stability of ice cream 
mix to any significant degree ; meltdown quality of ice 
cream is not impaired by corn syrup. Currently 18 addi
tional different series of two mixes per series are being 
investigated. The data acquired ·confirm the above data 
and furnishes evidence that liquid sugars and syrups of 
desirable percentage reflect favorably on flavor, body, tex
ture, meltdown and consumer acceptance of vanilla ice 
cream. The use of variable percentages of liquid corn 
syrups caused a decrease in temperature of ice cream as 
it was withdrawn from the freezer. 

B. A study of spray processed dehydrated ice cream 
mixes has not been undertaken as the dehydrated mixes 
are not available at this time. (Project 37) 

A Study Of Dairy Bull Semen 

A. C. Ragsdale, P. R. Cornelison, K. W. Bower, C. P. 
Merilan, Frank Orsini, B. W. Pickett, H. A. Ball, 

L. R. Rainey 

OBJECTIVES: 

To study the chemical and physical characteristics of 
bovine semen and correlate them with spermatozoa via
bility and fertility for developing more suitable semen 
quality tests and storage techniques (diluters, frozen, and 
dried semen.) 

DETAILED RESULTS: 

Autoradiographs of bovine spermatozoa exposed to 
glycerol-l-C14 suggests a possible localization or retention 
of glycerol in the general area of the spermatozoan nucle
us. This in turn implies that an important role of glycerol 
in protecting spermatozoa during the freezing process is 
that of protecting the nucleus from harmful effects such 
as increased salt concentration. 

Manometric determinations of the in vitro anaerobic 
glycolytic activity of bovine spermatozoa indicates either 
that sperm cells metabolize glycerol in the presence of 
fructose or that glycerol acts as a catalyst for increased 
fructose utilization. Differential gas absorption techniques 
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show that the gas produced under these conditions is car
bon dioxide; however, the enzymatic pathway for possi
ble glycerol utilization by spermatozoa is not known. 

Preliminary results from studies on the effects of ni
trate intake on spermatogenesis in dairy bulls indicate 

Preliminary results from studies on the effects of ni
trate intake on spermatogenesis in dairy bulls indicate 
that both spermatogenesis and libido are reduced when 
nitrate intake is' sufficient to produce a readily detectable 
level of methemoglobin in the blood. Rate of spermatozoa 
production was determined by comparing the total num
ber of spermatozoa obtained from 10 consecutive ejacu
lates (collected within five hours) with similar values ob
tained after sexual rest periods of two, five and seven 
days. In addition to a decline in spermatogenic rate, the 
quality of semen produced by bulls receiving the higher 
levels of KNO:, was sharply depressed. Survival of the 
diluted semen at 0_40 was less than 24 hours compared 
to a normal of more than one week. In vitro exposure of 
normal semen to KNOa and KNO~ did not indicate suf
ficien t direct toxic effects to account for the observed 
drastic reduction in spermatozoan viability, thus increased 
nitrate intake appears to be associated with an alternation 
or mal-functioning of the spermatogenic process in the 
bovine. (Project 54) 

Influence of Diet On Dairy Animals 

A . C. Ragsdale, P. R. Cornelison, C. P. Merilan, G. A. 
Stewart, R. D. Prewitt, H. S. Peet, H. A. Ball, 

L. R. Rainey 

OBJECTIVES: 

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

RESULTS: 

Feeding trials were conducted to determine if pre
cultured dried rumen materials showed any stimulatory 
effects on milk production. Two paired groups of six cows 
each were used alternately as experimental and control 
animals during three 21 day feeding periods separated 
by seven day adjustment periods. During the feeding 
periods, experimental animals received the standard milk
ing ration daily except that .5 pound of this ration was 
replaced by .5 pound of a commercial precultured dried 
rumen material (TDN and Digestible Protein remained 
constant). No significant changes were observed in either 
milk production or body weights for the 12 animals and 
thus this rype of material does not appear to stimulate 

milk production of cows receiving adequate nutrients. 
The pre-cultured dried rumen material might benefit ani
mals on a low plane of nutrition by supplementing the 
nutrient supply but only at a cost exceeding that for con
centrates of equal nutritive value. 

The effect of environmental temperature on the com
position of milk from Holstein and Jersey cows has been 
studied to provide a basis for determining the effect of 
various feedstuffs and excesses or deficiencies of specific 
substances on milk composition. Increased percentages of 
butterfat and solids-not-fat occurred during both high and 
low temperature conditions. Total nitrogen of milk in
creased when cows were exposed to low temperature 
conditions. The chloride content of milk increased with 
advancing lactation and exposure to high temperatures. 
Changes in milk composition occurred relatively slowly 
and thus suitable adjustment periods must be interposed 
between experimental periods. 

Preliminary results from administration of potassium 
nitrate either by capsule or by stomach tube to calves 
and lactating cows indicate that single dosage levels in 
the order of 20 grams KNO:, per 100 pounds body weight 
are required.to induce toxic symptoms. Toxic symptoms 
noted include scours, temporary increases in heart rate, 
urination and irritability with decreased appetite and 
gross changes in blood appearance accompanied by forma
tion of methemoglobin. Milk production was depressed 
and milk composition altered by decreased solids-not-fat 
percentage with marked but somewhat erratic changes in 
butterfat content. Although response of individual ani
mals to a series of dosages has varied, the trend indicates 
increased toxicity with prolonged administration of KN03 

even at levels well below the toxic single dose. Feed in
take, both type and amount, appears to exert considerable 
influence on the animals reaction to various nitrate levels. 

Comparisons of the relative value of bluegrass, sudan 
grass, and alfalfa-brome as pasture or as soiling crops for 
dairy cows indicate that the normal decline in milk pro
duction associated with advancing lactation is retarded by 
feeding the chopped green grass as compared with pas
ture. 

Silage studies showed no material difference in silage 
quality when either sodium bisulfite or cane molasses 
were used as the preservative for alfalfa-brome silage. 
Sorgo silage was found to contain approximately .6 per
cent KN03 equivalent (dry matter basis) as compared to 
less than .2 percent KN03 equivalent for corn silage 
grown and handled under similar conditions. The toxic 
symptoms observed in lactating cows consuming the 
sorgo silage over an extended period approximated those 
found with experimental KN0 3 feeding trials . (Projea 
55) 
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Practices Contributing To An Efficient 
Farm Enterprise 

A. e. Ragsdale, H. S. Peet 

OBJECTIVES: 

A. A dairy cattle breeding program planned to develop 
Jersey cattle with a capacity for high milk production, 
of superior type, of good size, and long life. Brood cow 
families and the use and development of superior trans
mitting sires receiving special attention. 

B. The study was continued of permanent pastures, and 
of alfalfa, alfalfa-brome, and Sudan grass used as 
pasture as compared with these crops cut with a field 
chopper and used as soiling crops. 

e. A comparison of silage preservatives-cane molasses and 
metabisulfite was continued. 

D. Herd health management and sanitation practices re
lating to bruce11osis, tuberculosis, mastitis, milk fever, 
and calf ailments have been continued using appropri
ate methods, controlled milking and diagnostic tests. 

E. Demonstrations and public relations. Cooperation with 
dairy, farm and business groups, including schools, 
4-H clubs, boy and cub scouts, girl scouts, FFA, 
church groups, dairy cattle judging demonstrations 
and contests, farm picnics, farm organizations and 
business men's groups have received considerable at
tention, as is indicated by the 27 organized groups 
and more than 1400 visitors to the Station farm dur
ing the past year. 

F. Complete records of herd and farm improvement prac
tices, dairy and farm equipment operational costs 
have been continued. 

REPORT OF PROGRESS: 

Dairy Cattle Breeding. The dairy cattle breeding pro
gram is directed toward developing Jersey cattle with 
capacity for high milk production, of good size, superior 
type and long life. The use and development of super
ior sires, brood cow families and rigid culling have been 
important factors in working toward this objective. The 
present herd consists of 28 cows, 38 heifers, two herd 
sires, and one yearling bull. These animals are grouped 

according to sires as follows: Cows Heifers Bulls 

Forfarshire Fauvic Prize 381739 2 
Sparkling Dandy Royal 460160 6 
Philidora Design 46505 2 
Sparkling Standard Pinn 481616 4 
Oxford Sparkling Draconis 453724 5 
Masterman Standard Certify 525009 9 
Hatch Masterman Buster 560083 
Standard Lavender Jest 532680 

18 
11 

9 1 

The present herd sires are Standard Lavender Jest 
532680 and Sparkling Noble Aim Markese 555421. As of 
March 1, 1957, in addition to the offspring listed above, 

15 animals were bred to Standard Lavender Jest and 24 
animals to Sparkling Noble Aim Markese. 

Twenty-five 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 7163 pounds of milk and 392 pounds fat over a 
25-year period. The herd average for the test year ending 
December 31,1956, was 7969 pounds milk and 409 pounds 
fat, a slight increase over the previous year. The Hatch 
Farm herd is scheduled to be officially classified for type 
this spring. The last classification was in April 1955 at 
which time seven animals classified "Very Good", thir
teen "Good Plus", and five "Good", making an average 
classification score of 82.90 for the entire herd. 

Pasture Investigations: The study to determine the 
value of pasture grasses, sudan, and legumes as soiling 
crops for dairy cows as compared with normal pasturing 
of these crops was continued during 1956. The crops were 
harvested with a field chopper and fed to the cows on dry 
lot. Emphasis was placed on acre yield, consumption, 
labor and machinery costS, as compared to previous years 
when the animals grazed the same fields. 

Drouth conditions during the late summer months 
greatly influenced this practice and reduced the favorable 
results from those obtained the previous year. Twenty
five acres of alfalfa and alfalfa-brome which in 1955 pro
duced 1301 bales of hay, 42 tons of silage, sufficient 
chopped forage to feed 33 Jersey cows from May 20 to 
August 10, and normal pasturing supplemented with hay 
from August 10 to September 21. Full hay feeding was 
started September 22 in 1956 as compared to October 18 
in 1955. 

Other than reduced yields, the results obtained in 
1956 compare with the results obtained the previous year 
as follows. 

1. Jersey cows consumed from 6.0 to 7.7 pounds 
chopped forage per 100 pounds body weight per day. 
This variation depends on the moisture content of the 
grass and weather conditions prior to and during the 
time of cutting. 

2. The yield of alfalfa and alfalfa-brome ranged up to 
6.5 tons of chopped grass per acre. 

3. The average time involved was approximately 40 
minutes per day for one man and a tractor to harvest the 
forage and feed. 

4. The normal decline in milk production through 
advanced lactation was retarded by the feeding of chop
ped grass in comparison with pasturing. This was especi
ally true during drouth periods because of the amount 
and kind of pasture grasses the animals consumed. 

5. We conclude that there are three conditions which 
particularly warrant the consideration of using the prac-
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tice of feeding chopped forage as a soiling crop to cows 
on dry lot : (1) on farms with insufficient pasture acre
age, (2) on farms where it is desired to increase the num
ber of animals in the herd without increasing the pasture 
acreage, and (3) on farms which have field choppers avail
able which previously were used only for silo filling. 

6. Dairymen and livestock men in the area continue 
to show much interest in this practice and several have 
introduced it into their farming methods. 

Silage Preservatives: Investigations on preservatives for 
alfalfa and alfalfa-brome silage have been continued. Two 
upright silos were used for the comparison of silage pres
erved with cane molasses at the rate of 50 pounds per 
ton and silage preserved with sodium bisulfite at the rate 
of 8 pounds per ton. Results after two years of this prac
tice indicate the following : 

1. An excellent quality of silage resulted when either 
the sodium bisulfite or the cane molasses was used. 

2. The spoilage on top of the silos was negligible 
with each preservative. 

3. Differences in color were slight but the metabi
sulfite silage tended to be slightly greener. 

4. No difference in palatability was observed. 
5. Silage preserved with sodium bisulfite tends to 

have a more favorable odor than similar silage preserved 
with cane molasses. However, no off flavor or odor was 
detected in the milk following the feeding of either silage. 

6. Small mold spots observed in the cane molasses 
silage last year were not present this year. 

Herd Health. A Federal tuberculosis-free and a State 
Accredited brucellosis-free herd has been maintained. 

Official Calfbood Vaccination for brucellosis was 
started in the herd in November 1955. All females were 
vaccinated between the ages of six and seven months. 
They are tested for brucellosis prior to vaccination, 30 to 
60 days following vaccination, and again at 15 months of 
age if earlier tests have not shown the animal to be nega
tive following vaccination. Twenty-four animals vacci
nated have all been negative to brucellosis tests at or before 
15 months of age. 

A limited study has been continued to determine 
whether the frequency of milk fever in dairy cows can be 
influenced through feeding of a grain mixture consisting 
largely of ground oats and wheat bran and feeding a non
legume hay for a period of two to four weeks prior to 
calving. Results to· date, while not conclusive, indicate 
that this practice may be helpful in preventing milk fever 
in dairy cows which have had milk fever at prior calvings. 

Sanitary practices such as. washing the udders with 
chlorine solution, rinsing teat cups after milking each 
cow, use of the strip cut, diagnostic tests and controlled 
milking order have kept mastitis infection at a minimum. 

Records: Complete herd, Herd Improvement Registry, 

Type Classification, health , pasture, crop and feeding rec
ords, with costs , have been kept. Detailed results and ob
servations have been recorded. 

Equipment: The milking barn at the Station farm was 
remodeled during August 1956, at which time a bulk 
milk cooling system was installed. Approximately 75 per
cent of the milk in this area is now being shipped by 
bulk tanks. The equipment at the Station serves as a 
demonstration to dairymen considering the installation of 
this system. 

Demonstrations and Public Relations: The Station has 
cooperated with farm and dairy interests in serving as a 
source of information on dairy farm management. Em
phasis has been placed on the use of local and regional 
newspapers , magazines, radio and television as means of 
relaying the activities at the Station and related informa
tion to the public. 

The Station served as June Dairy Month headquarters 
for Ralls and Marion Counties during the month of June. 
During this period Station personnel presented one tele
vision and two radio programs which stressed the activi
ties of the Hatch Dairy Experiment Station as well as 
other information regarding the dairy industry. Some 24 
newspaper articles were prepared and distributed to all 
newspapers in the area. A tour was conducted for busi
ness men of the area to visit the Station Farm and several 
dairy plants. 

A tape recording presenting the history and activities 
of the Station Farm was prepared and presented on the 
farm program by Station KMMO at Marshall, Missouri. 

Special emphasis has been placed on working with 
Future Farmers, 4-H Club members and Veterans on-the
farm training, both by tours and discussions at the Sta
tion and by personnel of the Station meeting with these 
groups. 

The Station cooperated with personnel of the Chi
cago, Burlington, and Quincy Railroad Company in mak
ing plans for groups from the St. Louis area to visit the 
Station farm and points of interest in and around Han
nibal. 

Altogether a total of 1222 persons in 27 organized 
groups and approximately 180 other persons visited the 
Station during the year. Among the groups visiting the 
Station farm were: 

School groups 485 
Boy and Cub Scouts 390 
Girl Scouts 76 
Other boy and girl groups 39 
Church groups 106 
F.F.A. groups 47 
Veterans-in-training 11 

4-H judging groups 36 
Agronomy Club, Univ. of Mo. 6 
Miscellaneous groups 26 
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Individual dairymen, farmers and other 
groups usually in single cars, etc. 180 

Total 1402 
(Project 64) 

Endocrine Genetics Of Milk Production 
A . C. Ragsdale, C. W. Turner, Jack Saroff, Gayle Pipes 

OBJECTIVES : 

A. A method has been developed for the determination of 
the thyroxine secretion rate in cattle. It is being ap
plied to animals during growth, pregnancy and lacta
tion. 

B. A comparable method for the determination of the 
thyroxine secretion rate in fowls has been developed. 
Differences in the thyroxine secretion rate of two strains 
of fowls have been noted. 

C. Simultaneous determination of the estrogen in the urine 
and feces of cows during pregnancy is being made in 
order to estimate the estrogen secretion rate. 

D. The variation in the level of the adrenal hormones in 
cattle under normal and experimental conditions is re
ported. 

E. Milk from individual cows which were open, pregnant, 
experimentally induced to lactate and those fed diethyl
stilbestrol has been assayed for estrogenic activity. 

F. The cellulolytic activity of dried rumen organisms is 
being studied. 

G. Studies on the experimental growth of the udder and 
the induction of lactation are reported. 

REPORT OF PROGRESS: 

A. Determination of thyroid gland function in cattle. By 
a method developed in our laboratory (description pub
lished) it is now possible to study the functional activity 
of the thyroid gland of cattle. Three measurements are 
made : (1) the normal rate of release of thyroidal p31 
(called k'4); (2) the rate of release of thyroidal p :n when 
goitrogens are administered to prevent the recycling of 
p al (called k'4); and (3) the estimated thyroxine secre
tion rate. The reports of our studies using this method 
follow. 

B. The effect of temperature variations on thyroid activity 
of calves and cows. Release rates (k'4) for thyroidal p31 
were measured monthly on six calves from February 
through September. k'4 values ranged from 0.0102 to 
0.0007 between calves at the same temperature. Average 
values for the group were .0020 in February to 0.0013 in 
July. Wide variations were observed during the period 
which were apparently unrelated to temperature. These 
preliminary observations indicate that between average 
daily temperatures of 38° to 82° F there is little effect of 
temperature on thyroid activity as shown by rates of re
lease of thyroidal P 31. Similar observations have been 
made on dairy cows throughout the year. 

However, the thyroid secretion rate studies show a 
marked change with season in the mature cows. The thy
roid secretion rate of dairy cows was measured from De
cember through February. Thyroid secretion rates varied 
from 0.2 to 1.0 mgs. of L-thyroxine per 100 pounds body 
weight at the same temperature. A significant depression 
in thyroid secretion was observed during the summer 
months. 

The thyroid secretion rates of eight young calves and 
heifers were measured during the summer months. The 
average secretion rate found was 0.17 mgs. of L-thyroxine 
in July, 0.15 in August and 0.30 in September. 

Further investigations are under way to determine 
the effects of ambient temperatures upon thyroid secre
tion rates in both cows and calves. 

C. The rate of response and duration of action of thyrox
ine in cattle. It has been observed that subcutaneous in
jections of thyroxine exert their effect rapidly upon the 
thyroid-pituitary system as shown by a rapid decline of 
"thyroxine-like" IJ:l1 in blood and by retention of thy
roidal p :l l. With repeated dosages at or above the normal 
secretion rate thyroidal l' 31 remains constant for six to 
eight days indicating that thyroxine or its effect is still 
b"ing exerted upon the pituitary-thyroid system. 

At present studies are under way to determine the 
rate at which thyroxine is metabolized in dairy animals. 
11 :11 labeled thyroxine will be administered to animals 
which are receiving thiouracil in sufficient amounts to 
prevent the reutilization of pal from metabolized hor
mone and allow true measurements of the biological half 
life of I 1

:
n labeled thyroxine in blood and the rate of ap

pearance of II:ll in urine. 

D. The effect of estrogen and progesterone upon thyroid 
function. In order to evaluate the effect of various phys
iological processes upon thyroid function, a systematic 
study has been initiated to determine the effects of various 
hormones. 

Prolonged estrogen-progesterone treatment did not 
reduce p al uptake by the thyroid or the rate of release 
of thyroidal p31 as compared with controls. 

A second and more sensitive technique has been de
veloped for studying the effects of hormones on thyroid 
function. Thiouracil is administered to p al treated ani
mals to prevent reuse of pal from metabolized hormone. 
Under these conditions the apparent rate of loss of thy
roidal pal is more rapid and can be measured with greater 
accuracy. After a control period estrogen or estrogen
progesterone combinations are administered and the rate 
of release compared with the control period. Preliminary 
observations have shown that these hormones produce 
little or no effect upon the release rate. (In this experi
ment the control period followed the hormone treat
ment.) 
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E. Thyroid activity and milk production. Preliminary 
observations on a limited number of animals indicate a 
close correlation between thyroid function and milk pro
ducing ability. Animals with high thyroid activity have 
not always shown good milk producing ability but ani
mals with low thyroid activity have been poor producers. 
It is assumed that deficiency of other hormones may be 
responsible for poor production in the animals with high 
thyroid activity. (Project 80) 

Effect Of Environmental Temperature On Growth 
In Heifers 

A. C. Ragsdale, P. R. Cornelison, H. E. Dale, 
J. D. Sikes, P. R. Stahl, H. D. Johnson, 

H. H. Kibler, Chu San Cheng 

A. GENERAL SCIENTIFIC OBJECTIVES : 

To determine the influences of climatic factors (and 
the mechanisms of these influences) on body temperature 
regulation, growth, and milk production and related phys
iological reactions in different categories of cattle. 

Final analysis is being completed on the 18 month 
growth (birth to 18 months) study (50 ° F, 80° F, and 
Missouri open shed conditions) on the Zebu and Euro
pean-evolved breed (Shorthorn) and their cross (Santa 
Gertrudis) . Objective was to determine the breed differ
ences in physiological and / or growth response to tem
perature and how the Santa Gertrudis has combined pro
ductivity (meat production) with heat tolerance. 

A similar experiment is currently underway (started 
October 1956) on European-evolved dairy calves (Brown 
Swiss, Jersey, and Holstein) being raised from a month 
to approximately 15 months at constant temperatures of 
50° and 80° F. This objective is to study the effect of 
temperature on productive processes (growth or meat 
production) as has been done previously on cows (milk 
production) . 

B. PRACTICAL OBJECTIVES: 

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

2. To furnish basic data for design of breeding ex
periments for developing animals adapted to given cli
matic conditions; particularly cattle adapted to high tem
peratures because highly-productive cattle are extremely 
sensitive to high temperatures (the rectal temperatures 
in large, high producing dairy cattle begins . to rise at 
75 ° F reaching the lethal rectal temperature of over 
108° F at environmental temperature 105 ° F) . 
C. The general objectives (A above) are subdivided into 
many sub-objectives or sub-projects with reference to: 

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

2. The effects and mechanisms of the many sub-re
actions which, together, make up the overall reaction of 
the animal, as reflected by such overall reactions as growth 
and development, milk yield and composition, feed con
sumption, water consumption, heat production (rumen 
heat, body proper heat), heat dissipation (by vaporization 
from the outer surface and from the respiratory tract, also 
heat dissipation by radiation, convection, and conduction), 
body temperature and temperature gradients (rectal tem
perature, hair and skin temperatures in various regions, hair 
density by beta gauge, rumen temperature at various leve
Is) , respiration rate and volume, pulse rate, body composi
tion (blood composition, body tissue composition-special 
em phasis is now being given to distribution of water 
between various body compartments), neuro-endocrine 
activities including thyroid and adrenal activities and the 
involved mechanisms. Specifically, the reason for deter
mining effect of temperature on blood volume and serum 
volume and body water (antipyrine space and Na 24 
space) in different cattle breeds is that they are involved 
in body temperature regulation and heat tolerance. They 
also give basis for computing the fat and lean in the 
body. 
SUMMARY OF CURRENT EXPERIMENT: 

Following is a summary of the current experiment 
on the growth responses of dairy calves (Holstein, Brown 
Swiss, and Jersey) . This experiment began October 1956 
(3-4 months ago), therefore these observations are neces
sarily very tentative. 

A. Body Weight: Jersey and Brown Swiss at both 50° 
and 80° F are gaining at about the same rate. However, 
the larger Holstein calves are making better growth gains 
at 50° than at 80° F. 

B. Heart Girth and Height at Withers: Heart girth 
generally parallel the gains in body weight, whereas, 
the differences in wither height are less significant be
tween the 50° and 80° F groups. 

C. Body Temperature: The body temperature of the 
Jerseys at 80° F is generally l,h ° F higher than' those at 
50° F. The Holsteins 1 ° F higher at 80° than at 50° F. 
There is practically no difference between the Brown 
Swiss at 50° and 80° F; this may indicate that they have 
considerable heat tolerance. 

D . Feed Consumption: Roughage was fed ad libitum 
whereas grain was fed' according to ideal dairy calf stand
ards (University of Missouri Agricultural Experiment 
Station Research Bulletin 377, 1937). There is generally 
no significant difference between the levels of feed con
sumption of the animals at 50° and 80° F with exception 
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of the Holstein calves, whose roughage (alfalfa) consump
tion was ·found to be 20 percent less at 80° F than at 
50° F. 

E. Water Consumption: The measured water consump
tion values parallel the hay consumption levels at each 
temperature. However, at 80° F all breeds drink more 
(approximately 50 percent) than those at 50° F. 

F. Hair Coat and Density: In general hair coats of 
the three breeds are short and sleek at 80° F. Measure
ments of hair density by the recently developed beta 
gauge indicate a much denser hair at the 50° F calves 
than those at 80° F. Hair coat measurements are being 
made by the spectrophotometric method. 

G. Thyroid Activity: Thyroid activity, which is in
creasing with age at both 50° and 80° F, is generally 
higher in all breeds at 80° F than at 50° F. 

H. Heat Production, etc.: Heat production, cardio
respiratory, and other remaining measurements being 
made are not sufficient to bear comments at this early 
stage in the experiment. (Project 125) 

Microorganisms Common To The Dairy Industry 

J. E. Edmondson, K. L. Smith 

OBJECTIVES: 

To develop bacteriological methods which will deter
mine or classify the microorganisms with which the milk 
producer is concerned or which affect the quality of raw 
or pasteurized milk and milk products and thus provick 
information helpful in protecting the health of the con
suming public. 

RESULTS: 

Sodium thioglycollate and thallous acetate were added 
to Brigg's basal medium to improve its selectivity for 
lactobacilli and thus increase its value as an isolation 
medium. Toxicity or growth inhibition by sodium thio
glycollate and thallous acetate was tested using 12 strains 
of lactobacilli species previously used in the media evalua
tion work. Sodium chloride was omitted from Brigg's 
basal medium since thallous acetate reacted with it to 
form an insoluble thallous chloride which interfered with 
the turbidity test used to determine growth. The con
centration of thallous acetate and sodium thioglycollate 
which gave the best results were 0.1 and 1.0 percent re
spectively. Brom cresol purple was added to aid in detect
ing acid producing colonies. 

The most satisfactory results were obtained using 
0.01 percent indicator which gave a purple color at pH 
6.8. If more than 50 acid producing colonies were present 
on an individual plate, the whole plate would turn yel
low and no distinction could be made between acid and 
non-acid producing colonies. (Project 133) 

Official Testing Of Dairy Cattle And Milk Goats 

Paul R. Cornelison 
OBJECTIVES: 

To provide official testing service to purebred dairy 
cattle and milk goat breeders in Missouri so that Ad
vanced Registry and Herd Improvement Registry records 
may be made available for use in planning breeding pro
grams and as a basis for herd improvement. The proving 
of sires and dams, locating brood cow families and super
ior transmitting sires are important factors in this pro
gram. 

RESULTS: 

This project is basically a cooperative enterprise in
volving the National Dairy Cattle Breed Association, 
American Goat Record Society, the Purebred Breeders 
and the College of Agriculture, Department of Dairy 
Husbandry. 

Each month during the period of this report official 
testing service was made available to an average ninety
five Missouri herds made up as follows : 

24 Jersey Herds 573 cows 
44 Holstein Herds 1431 cows 
15 Guernsey Herds 609 cows 
11 Brown Swiss Herds 220 cows 

1 Goat Herd 3 goats 
Complete butterfat and milk records were tabulated 

for the above herds. Two forms of official testing, Ad
vanced Registry and Herd Improvement Registry are 
carried out. Ninety-five percent of the herds enrolled in 
official testing programs are enrolled in the Herd Im
provement plan. 

During 1956 numerous sires of all breeds were Proven 
with the proof records published in the Advanced Regis
try Publication of the several breed associations and in 
lists published by the U.S.D.A. 

Many outstanding brood cows were located through 
the testing program. 

Breeders use records as compiled by testing pro
grams on brood cows and proven sires as a basis for im
proved breeding practices. 

The highest butterfat and milk producing cow for 
the year in the Herd Improvement Registry program for 
all breeds was Bristol Fifi Man-O-War Dean, a Holstein 
cow owned by O. J. Hartzler, Harrisonville, Missouri 
with 24,604 milk, 1052 fat, 10-7 years of age in 305 days 
2x M.E. 

The high cows for other breeds in the Herd Im
provement Registry Program are as follows: 

Jersey-Commando Marlu Zinnia, owned by School 
of Ozarks, Pt. Lookout, Missouri with a record of 13,919 
milk, 720 fat, 8-11 years of age 305 days 2x M.E. 
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Guernsey-Flo-Ray's Royal Thelma owned by R. D. 
Penn ewell, Palmyra, Missouri produced 14,519 milk, 780 
fat at 6-6 years of age in 305 days 2x M.E. 

Brown Swiss-Churchview Darlene's Shirley owned 
by Al Markway, Jefferson City, Missouri with 15,285 
milk, 616 fat, 2-1 years, 305 2x M.E. 

The highest butterfat and milk producing cow for 
the year in the Advanced Registry Program for all breeds 
was La Rainbow Louise, a Brown Swiss cow owned by 
Repelmar Farms, Versailles, Missouri. She produced 
16,896 pounds of milk, 796 pounds of fat in 305 days 2x 
M.E. at 6 years and 4 months of age. 

The high cows for other breeds enrolled in the Ad
vanced Registry program are Valiant Boy's Faithful, a 
Guernsey cow owned by Everett Baker, Butler, Missouri 

with a record of 14,274 milk, 678 fat at 2-2 years in 305 
days 2x M.E.; Commando MarIu Zinnia owned by School 
of Ozarks, Pt. Lookout, Missouri. 

The above mentioned are only a few of the outstand
ing high producing cows making records during 1956. 
Along with the official testing program, encouragement 
is being given for the breeding of better cattle as well as 
improving the economic status of the Missouri Dairy 
Cattle Breeders. (Project 134) 

Foremost Guernsey-Breeding for Herd and Breed 
Improvement 

A. C. Ragsdale, L. R. Rainey, P. R. Cornelison, 
J. E. Edmondson, C. P. Merilan 

OBJECTIVES: 

The Guernsey breeding program is directed toward 
developing cattle of good size, large milk production, super
ior type and longevity, with particular attention to the 
development of outstanding sires and brood cow families. 

Consideration was given to good farm practices with 
emphasis on pasture, silage, hay crops and soil conserva
tion. 

The building layout, planned for the purpose, provid
ed an opportunity for study of loose housing vs conven
tional type housing for cows in milk, for closed vs open 
barns for calves, and for a comparison of aluminum vs 
asphalt shingle roofing for heat transmission and for serv
ice lift. 

RESULTS: 

Dairy Cattle Breeding Program. The influence of the 
linebreeding and selected mating program, attention to 
brood cow families and management practices is indicated 
by a herd average of 134 cows in milk daily of 10,140 
pounds of milk and 473 pounds of fat. For 159 cows of 
milking age, including aged cows retained because of 
proved breeding value, the production was 8530 pounds 

milk and 400 pounds fat. Examples of larger records com
pleted include: 

Foremost Footprint's Nella, 17673-787-6yr-3x 
Foremost Footprint's Quality, 15481-769-9yr-H.I.R.-

365C-2x 
Foremost Comet's Patty Marie, 14316-745-5yr-365C-3x 
Foremost]. C's Lassie, 16445-743-6yr-365C-3x 
Foremost Acme's Gardenia, 15634-722-9yr-2x 
Foremost]. C's E. Ina, 16750-731-Sr2-365-3x (unof-

ficial) 
Foremost J. C's Quaffodiall, 14195-686-Jr2-365C-3x 
Brookland's]. C's Bridget, 14858-692-7yrC 
This was in spite of severe drouth in the late summer 

months, resulting in short pastures, lowered hay quality 
and the environmental factors of hot, dry weather. Pro
duction was further reduced from the effect of nitrites in 
the sorgo silage, causing dysentery, and digestive upsets, 
with resultant marked decrease in production and many 
individual cows and affecting the entire herd. 

Total milk production for the past year amounted 
to 1,356,164 pounds based on official testing reportS, and 
1,201,653 pounds actually marketed. The butterfat pro
duction was 63,296, and whole milk fed to calves was 
57,511 pounds. 

In the calendar year of 1956, 149 calves were drop
ped, of which 67 were females and 82 were bulls. Fifty
one of the heifer calves were raised for breeding purposes 
and of the eight lost while young two were twins to 
males and one was twin to a female, born dead. Twenty
seven of the bulls were held back for sale or for breed
ing purposes. One of these was retained as a future herd 
sire, leaving 26 to be sold for breeding purposes. Two 
were marketed to the butcher, one because of injury and 
the other because of poor development. Fifteen were sold, 
leaving six still in the herd. Fifty-five males were sold as 
bob veal in 1956. 

Thirty-two females and 20 males were sold into 17 
different states during 1956. 

Pasture Achievements: The pasture season started April 
20 with 35 acres of wheat pasture. It was not too strong 
because of very dry weather at that time. Rain came on 
April 27, which brought out our permanent pasture, some 
of which had been plowed up for oats and for early sudan 
pasture. The early sudan helped out materially and it 
was not necessary to pasture the oats. Wheat pasture 
was gone by late May. Permanent pasture, 20 acres of 
early sudan pasture and field chopped oats and alfalfa 
maintained the herd, while the wheat pasture was being 
resown to sudan. Approximately 45 acres of sudan, 50 
acres of permanent pasture, 20 acres of alfalfa pasture and 
12 acres of alfalfa carried the milking herd until August 
10. At that time all pasture was gone except some sudan 
and alfalfa which was available for grazing in August and 
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September. Field ch.oppedc.orn .or atlas s.orghum was fed 
to the herd fr.om ab.out August 10 until after sil.o filling 
was c.ompleted and well up int.o Oct.ober. Thirteen acres 
.of s.orghum were planted f.or silage .on June 18 and 2l. 
It did well until the last week in August, but yielded 
.only ab.out .one-half a cr.op. It did, h.owever, supply green 
cut feed f.or the milking herd and s.ome f.or dry and y.oung 
stock from completi.on .of silo filling on September 7 until 
about Oct.ober 5. 

Silage. We were able to harvest 30.5 green tons .of 
pasture grass silage, 144 green tons alfalfa silage, 95 
green tons of oat silage, giving us 269 green t.ons of grass 
silage with corn preservative put in .one upright sil.o. 
While this silo was being filled, s.ome green feed was 
being fed in bunks in feed lots . Two hundred thirty-six 
t.ons of green corn silage were put in an.other upright sil.o; 
als.o 45 green tons of corn silage was used to refill .on t.op 
.of the grass silage in the .other silo. In addition, approxi
mately 30 green t.ons .of corn silage were placed in a 
trench sil.o. These 636 green tons of sorghum silage went 
int.o a large trench silo. Ab.out 80 green tons of sorghum 
was fed after the silos were filled and bef.ore they were 
opened. The tOtal silage produced was thus : 

269 green tOns weighed in f.or grass silage 
281 green t.ons weighed in for corn silage 
716 green tons weighed in for s.orghum silage 

Total 1266 green tons weighed in for silage 
Hay Production in 1956. Approximately 70 acres .of 

oats were sown f.or hay, silage and pasture in 1956. N.one 
were pastured ; appr.oximately 100 green tons went into 
sil.os; s.ome were fed as green cut feed; and 4872 bales .of 
tOp oat hay were weighed and the weights checked out 
167 tons. 

Mixed hays, or clippings from improved, permanent 
pastures t.otaled about 30 t.ons or m.ore ensiled or fed 
green as a soiling crop. Fifteen hundred bales .of mixed 
hay, weighing .out 46 tons, were baled in 1956. Early 
spring drouth and late drouth held this d.own as compared 
to· .over 4000 bales in 1955. 

Alfalfa hay was in short supply. Because .of aphids 
and some of the alfalfa being used as alfalfa silage, the 
first cutting yielded only 1752 bales (43 tons). The sec
ond crop was also very light, yielding only 1063· bales; 
and the third cutting was the heaviest of all, totaling 
2076 bales. Thus the total of 4891 bales (approximately 
140 tons) of alfalfa barely met half our requirements. 

Visitors: · Records were kept of 17 organized groups 
totaling 576 individuals; 125 foreign trainees, 200 4-H 
Club members, 300 FFA students, 100 in home economics 
groups, and 350 freshman agricultural students. Iri addi
ti.on, large numbers of dairy farmers, breeders; business
men and numerous individ~al cars of intetested persons, 

the exact number not known, visited the Foremost 
Guernsey farm during the year. The total visitors appr.oxi
mated 2500 persons. (Project 200) 

Effects of Microorganisms in Dairy Cattle Nutrition 
J. E. Edmondson, C. P. Merilan, R. J. Wilson, 

Kenneth Bower 

OBJECTIVES: 

To determine the specific role and requirements of 
each microorganism in the rumen flora, including biosyn
thesis of vitamins in the utilization 0/ feeds by dairy ani
mals. 

RESULTS: 

The inclusion of 2,3,5-triphenyl tetrazolium chl.oride 
in the nutrient agar has proven helpful in the isolati.on 
and preliminary identification of rumen microorganisms, 
particularly lactobacilli. The major difficulty thus far en
countered with this technique is establishing comparison 
standards .or criteria for routine classification of the c.ol.or 
patterns sh.own by bacterial colonies on media containing 
this comp.ound. 

Studies to determine possible interrelationships be
tween environmental c.onditions (particularly tempera
ture) and changes in the in vivo vitamin levels were con
ducted by making chemical and micr.obiological analyses 
for vitamin C, thiamine, riboflavin, niacin, and panto
thenic acid on milk from Holstein and Jersey cows and 
on blood from the cows and Brahman, Sh.orthorn, and 
Santa Gertrudis calves. 

Cows were exposed to diurnal temperature cycles .of 
40 to 70°, 70 t.o 100°, and 60 t.o 110° F while the calves 
were maintained at 50°, 80° F or normal temperature 
conditions in open shed housing. 

Brahman and Santa Gertrudis calves in the climatic 
laboratory both at 50 and 80° F had lower blood ascorbic 
acid levels than their controls in the open. The values f.or 
Brahmans at 50° F were also consistently l.ower than at 
80° F, however, there was no difference in the bl.o.od 
asc.orbic acid levels of the Shorth.orn calves under three 
different environmental temperature conditions. 

Both Holstein cows had lower bl.ood niacin levels in 
the 60 to i 10° F temperature rhythm than in that of 40 
to 70° F. The· bl.ood niacin values for Jersey cows remain
ed unaffected with change of temperature cycles. The 
Shorthorn calves at 80° F had distinctly lower bl.ood 
niacin levels than at 50° F or in the open shed. Their 
values were also l~wer than those for Brahman and 'Santa , , 

Gertrudis calves maintained at the same temperature, 
~o~ .. 

The influence of high envir.onmental te~p~rature 
cycles on the cc)Ocentrati.ons of pant.othenic acid in t~e 
blood of cows was variable for individual animals, BloOd 
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ribeflavin levels fer beth Jersey and HDlstein CDWS were 
highest in the IDW temperature cycle ef 40 to. 70° F, IDW
est in the high temperature cycle Df 60 to. 110° F and in
termediate in the 40 to. 70° F temperature cycle. 

There was no. nDticeable effect Df environmental tem
peratures Dn the pantDthenic acid and ribeflavin centent 
ef the bleed Df Brahman, ShDrthern and Santa Gertrudis 
calves. 

ShDrthDrn calves at 80° F had clearly IDwer bIDed 
thiamine levels than at 50° F and to' SDme extent also. 
lewer than their cDntrols in the Dpen shed. Their values 
were also. lewer than these fDr Brahman and Santa 
Gertrudis calves maintained in the same chamber at 
80° F. 

There were no. breed differences in the vitamin CDn
tent ef the blDDd Df CDWS. Also. there were no. breed dif
ferences fDr calves maintained under nDrmal cenditiens 
(epen shed) except that SherthDrns had lDwer bleed as
cDrbic acid levels than Brahmans and Santa Gertrudis. 

There was no. definite relation between the blDod vita
min levels Df calves and their age and there was also. no. 
influence Df seaSDn, except that during July, August and 
September all the calves had higher ribDflavin values than 
during Dther periDds Df the year. 

The ascDrbic acid cDncentratiDns in the evening milk 
Df all CDWS were lDweSt in the 40 to. 70° F temperature 
range, highest in that Df 70 to 100° F and intermediate in 
the extreme temperature range Df 60 to 110° F. 

In general the niacin cDntent Df beth mDrning and 
evening milk Df HDlsteins decreased under the influence 
ef beth high temperature cycles; hDwever, the influence 
of 60 to. 110° F temperature cycle was mDre marked than 
that Df 70 to. 100° F cycle. There was no. regular Dr ap
preciable influence Df envirDnmental temperatures Dn the 
niacin values Df Jersey milk. 

The pantDthenic acid centent ef beth morning and 
evening milk Df all CDWS decreased under the influence Df 
60 to. 110° F temperature rhythm but the effect ef the 70 
to. 1000 F temperature cycle was variable frem individual 
cews. 

The ribDflavin levels fDr beth mDrning and evening 
milk ef HDlstein co.ws were significantly increased under 
the influence Df both the high temperature cycles, 60 to. 
1100 F and 70 to 100 0 F. There was no. material differ
ence between the values in the two. high temperature 
cycles. The ribDflavin values Df the Jerseys' milk remained 
unaffected with change Df envirenmental temperatures. 

The ascorbic acid cDntent ef evening milk fer Jersey 
CDWS was feund to. be lDwer than that Df HDlsteins while 
the ribeflavin content Df the Jerseys' milk beth fDr mern
ing and evening was higher than that Df cDrrespDnding 
HDlsteins' milk. There were no. appreciable breed differ
ences Dr diurnal variatiDns fDr niacin and pantDthenic 
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acid levels in milk. ( Project 246) 

Milk and Related Pre ducts As Influenced 
By Handling and Marketing 

OBJECTIVES: 

J. E. Edmondson, G. E. Huskey, 
K. L. Smith, D. S. Shelby 

To determine the nature, extent and causes of de
terioration in fluid milk and related products, the in
vestigation will cover the products from the time it leaves 
the farm until it reaches the consumer. 

RESULTS : 

Marketing studies will be made Df raw and pasteur
ized prDducts, with special emphasis en finished prDducts 
sales in self-service display cases, retail delivery , bulk 
milk dispensers, package and bulk cein-eperated vend
ing machines. Procurement and processing procedures as 
they influence the flavor, sanitary and keeping quality Df 
the product in market channels will be included in these 
studies. . 

The first survey Df self-service dairy cabinets in sever
al markets indicated that the average temperature was 
46.5 0 F. Since this was well abeve the recDmmended 
stDrage temperature range ef 36-38° F, an educatienal 
pregram was inaugurated Dn the CDrrect maintenance ef 
milk stDrage cabinets. Six mDnths later a survey indicated 
that the average milk stDrage temperature was 39.9° F. 
Based Dn a mDre recent survey Df 45 retail stores the milk 
cabinets were maintained at 36-410 F by 75.6 percent, at 
41-46° F by 22.2 percent; and at 46-51 0 F by 2.2 percent. 

The keeping quality Df the milk is knDwn to depend 
en a number ef factDrs. This study emphasizes the im
pertance Df temperature Dn the keeping quality (flavDr 
and eder) Df milk during storage. Storage temperatures of 
41 , 46 and 51 ° F fer 0, 4, 7, and 10 days were studied. 
The effect ef each temperature was measured ever a 15 
week periDd. Milk stored at 41 0 F exhibited goed keeping 
qualities fer 10 days. The greatest deteriDratiDn was 
caused by celiferm and psychrophiles between 7 and 10 
days. The milk stDred at 46 0 F exhibited good keeping 
qualities fDr Dnly fDur days. This ceuld be cDrrelated with 
appreciable increase in the mesDphilic, celiferm and 
pschrophilic greups after the feurth day ef storage. Milk 
stored at 51 0 F failed to. store well fDr the full four days. 
This is partially due to. the tremendDus increase of micro
Drganisms. The mesephilic, cDliferm and psychrDphilic 
bacteria were net inhibited at this storage temperature. 
Of the three temperatures studied, the 51 ° F was the enly 
Dne which favDred a slight increase in the thermDphilics. 

Final cDnclusien can net be drawn until completiDn 
Df the study (36° F stDrage temperature) , hewever the 
data indicate that (a) milk retail storage cabinets should 



be checked frequently to maintain proper storage tem
perature, (b) processed milk should have low initial 
bacterial populations to insure good keeping quality and 

* * * 

(c) milk must be cooled and stored at 41 0 F or lower 
to maintain original milk flavor for seven days. ( Project 
284) 

* * 

Entomology 
Philip C. Stone, Chairman 

Furnishing Missouri Farmers With Timely 
Information On Insects And Control 

H. E. Brown, W . R. Enns, Leonard Haseman, 
Lee Jenkins, F. C. Stone 

REPORT OF PRO(,RESS: 

The major portion of the work on this project has 
been carried out by the Survey Entomologist whose 
financial support comes from this project, the State De
partment of Agriculture, the U. S. Department of Agri
culture, and the Extension Service. His weekly reports of 
the abundance or scarcity of field crop pests are vital to 
agriculture in the state. This insect information along 
with that supplied by all of the research staff and the ex
tension entomologist is made available to all interested 
persons in the state by the extension service by radio, 
television, newspaper articles, and letters on current in
sect problems and possible insect outbreaks. The staff at
tended meetings and worked directly with special groups, 
i.e., gardeners, fruit growers, cotton growers, livestock 
men, corn producers, producers of a specialized crop, 
general farmers, pest control operators, aerial operators, 
and insecticide dealers. Between the staff and these 
specific groups there has been a constant flow of informa
tion for getting the job of insect control done. The staff 
members have also prepared articles and bulletins to 
further disseminate insect information. Thus the farmer, 
insecticide dealers, and all individuals and organizations 
concerned with insect concrol had an opportunity to be 
well informed on their insect control problems. (Project 
30) 

Control Of Codling Moth, And Other Fruit 
And Vegetable Insects 

W. R. Enns, Ralph Strange, E. B. 0' Bannon 

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 residues of chemicals applied to fruits 

and vegetables under field and laboratory conditions. 

REPORT OF PROGRESS : 

1. Plum Curculio 
A few orchardists in Missouri still find curculio con

trol to be inadequate where heavy infestations occur each 
year. An effort was made to compare the effectiveness of 
four insecticides where curculio attack was heavy. The 
following table shows the results: 

Heptachlor 

Dieldrin 

Methoxychlor 

Lead Arsenate -

2 lbs. 25W/100 

1/2 lb. 50W/100 

2 lbs. 50W /100 

3 lbs. /100 (Control) 

% Clean 

96 
99 

97 

65 

Variety : Jonathan. Spray dates : April 25 and May 2. 
Fungicide: Zineb, Vz lb. plus Captan, 1 Vz Ibs. 

Samples of apples spraye'd with heptachlor on June 
19 and July 5, harvested July 30 were submitted to the 
manufacturer for residue analysis. Results of the analyses 
are not yet available. 
II. Codling Moth 

A. As usual the weather, under Missouri conditions, 
was the important factor in codling moth abundance. 
The following chart shows data which are pertinent: 

Year 1954 1955 1956 

Rainfall !. 31.89 " 37.36" 27.81··~ 

Days over 900 F. 78 51 60 

Days over lOOoF. 23 1 3 

Rainfall increment 
6.77 " 5.47" -9.55" over preceding year 

1. Average annual precipitation in central Missouri is about 
38" 

2. Rainfall, July 1 to August 1, 1956 was 7.64" in central 
Missouri. Certain weather data above through courtesy 
of Mr. David Horner, U. S. Weather Bureau, Columbia, 
Missouri. 
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B. Insecticides tested against second brood codling 
moths in 1956: 

(a) DDT 2 lbs. 50W / 100 
(b) DDT 2 lbs. 50W / 100 plus parathion J..2 lb. 15W 
(c) Diazinon 2 lbs. 25W 
(d) Dipterex (Bayer L 13/ 59) 2 lbs. 50S/ 100 
(e) Trithion (Stauffer R-1303) 1 lb. 25W / 100 

Application dates; July 6,17,31. Tree counts on June 19 
showed good commercial control (95 percent or higher 
clean fruit) of first brood by DDT alone. Tree counts on 
August 14 showed the same degree of control of second 
brood. Since color was not developing satisfactorily and 

Variety No. Sprays 

Jonathan Apples 1 
Golden DeliciouS 1 
Jonathan 2 
Jonathan 2 
Belle of Ga. Peaches 1 
Elberta 1 
Carmen 2 
Elberta 2 

In-addition to the above, apples sprayed with Dipterex 
were submitted for analysis but the readings are not yet 
available. 
IV. Tests with acaricides 

Results were inconclusive 

Dates 
~ra:yed 

Dipterex 7/18; 7/31 
Kelthane 7/18; 7/31 
Aramite 7/18; 7/31 

TrUhion 7/18; 7/31 
Mitox 7/23; 7/31 

Controls ---------

Mites per 
leaf before Mites per 
sprayin~ leaf Aug. 7 

50+ 2 
50+ 0 
50+ 0 

40-50 0 
50+ 0 

40-50 10 

Variety- Transparent. European Red Mite. Counts on 
July 31 showed no mites present except on controls 
which ran about 30 per leaf. (Project 31) 
V. Peach Tree Borer 

The following insecticides were tested: 
Standard Elm Spray (2 qts. and 1 gal. per 100) 
Standard DDT Conc. (2 qts. and 1 gal. per 100) 
DDT 50W (4 lbs. per 100) 
Dipterex 50S (2 lbs. per 100) 
Dieldrin 50W (1 lb. per 100) 
Heptachlor 25W (2 lbs. per 100) 
Diazinon 25W (2 lbs. per 100) 

CountS not yet completed. Preliminary counts seem to in
dicate dieldrin quite effective. 
VI. White Grub (Carrot Beetle) in Strawberries 

Numerous complaints were received in 1956 con
cerning white grubs in strawberry plantings. A number 
of materials was tested as soil insecticides. The following 

a delay in picking seemed probable, an "insurance" 
cover of ~ lb. parathion was applied to all blocks on 
August 15. On August 24 the third brood hit just at the 
time picking was to begin. Counts at harvest, therefore, 
showed: 

Wormy fruit-44 percent 
Clean -56 percent 

III. Residue analyses 
The following table gives the residue readings of 

diazinon on various fruits. Determinations by Dr. R. P. 
Gigger, Geigy Agricultural Chemicals. 

Interval Diazinon Control 

4 days 0.161 ppm 0.0 ppm 
4 days 0.399 0.0 

11 days 0.793 0.0 
14 days 0.018 0.0 
o days 1.43 0.035 
o days 1.35 0.035 

19 days 0.655 0.00 
19 days 0.323 0.00 

chart shows the mean number of live grubs found after 
treatment: 

I-Control .. .. . . .. . . .. .. ..... .... . . .. 17.75 
2-Dieldrin 15E, 3 lbs ... . .. . .. . . . ... . . 17.75 
3-Aldrin 20G, 3 lbs ..... .. .. .. .. ..... : 14.75 
4-Chlordane 75E, 5 lbs . . . .... .. . ... . . 14.75 
5-Chlordane 75E, 10 Ibs .. . . . .. . .. .... . 13.00 
6-Dieldrin lOG, 3 lbs . . . . . . . . .... . .. . . 12.50 
7-Aldrin 25W, 3 lbs .... . ..... .... . . . . 11.50 
8-Aldrin 25E, 3 lbs ...... . ... . . . . ..... 10.25 
9-Heptachlor 2.5G, 6 lbs . ..... . . .. ... . 10.25 

lO-Dieldrin 50W, 3 lbs ... .. . . . . . . .... . 10.00 
ll-Diazinon 25W, 3 lbs . . .. .. .. ....... . 10.00 
12-Heptachlor 25W, 3 lbs. . . . . . . . . .. . . . 8.00 
13-Endrin 5G, 3 lbs. .... ...... . . . . . . . .. 8.00 

Only the last two are significantly better than the 
control at the 5 percent level. 

Entomology Museum 

H. E. Brown, P. C. Stone, C. W. Wingo, W. R. Enns, 
P. J. Spangler, J. D. Davis, F. E. Wood, F. E. St. Aubin 

OBJECTIVES: 

To supply adequate safe storage for the entomology 
collections. 

To furnish facilities for those qualified to pursue re
search in the collections. 

To increase the representation of specimens in the col
lections. 

To get the specimens authentically determined. 
To cooperate with other institutions by reciprocal 

loans and trades of material for scientific study. 
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REPORT OF PROGRESS: 

The three steel cabinets back-ordered laSt year were 
received and have been installed in the museum. Thirry
six new Comstock drawers were purchased complete with 
individual pinning trays. 

An additional steel storage cabinet has been installed 
to house the acarology collection. Six dozen new slide 
boxes (capacity 100 slides each) have been installed in the 
new cabinet. 

The Adams collection of Diptera has been removed 
from the Schmitt boxes in which it came and has been 
placed, by families, in the new drawers in steel cabinets. 
The Adams collection consisted of over 100 Schmitt boxes 
of specimens which would average better than 100 speci
mens per box or approximately 10,000 specimens. This 
estimate is probably low. The University collection has 
been incorporated with the Adams collection. The collec
tion of Diptera in the museum now occupies four full 
steel cabinets each of which contains twelve Comstock 
drawers. 

A Study of Sulfa Drugs And Antibiotics On 
Disease Organisms In The Bee Hive 

Leonard Haseman 
OBJECTIVES: 

A. To determine where and for how long the sulfa drugs 
and antibiotics, used in controlling bee disease, are 
stored in the bee hive in effective concentrations. 

B. To determine whether or not these sulfa drugs and 
antibiotics, so stored in the bee hive, are effective against 
any germs or Fire Blight which the bees may carry or 
store in the hive. 

REPORT OF PROGRESS: 

For a number of reasons no progress was made dur
ing the year on either of the two objectives. The primary 
reason for the failure to make any progress was the fact 
that we did not have available anyone capable of carry
ing out the technical bioassay work required since Dr. 
Goodman was fully occupied with his strictly Horticul
tural projects. Under these conditions, and since the cost 
of using tagged sulfa drugs for tracing the drugs in the 
bees and in the bee hive is prohibitive, it would be wise 
to close out this project. 

While it would be well to learn much more about 
how the bees make use of these drugs and antibiotics in 
their hive in protecting their brood against American 
foulbrood we have now had twelve years of experience 
in observing the effectiveness of the treatment when 
properly used, with its saving of millions of dollars to 
the beekeeping industry of this and other countries 
throughout the world so the basic project of controlling 
American foulbrood of hive bees with sulfa drugs and 

antibiotics is completed. However, in closing out the 
project it is hoped that within the next year a final re
port, as a revision of Experiment Station Circular 341 , 
giving our some 13 years' experience with the treatment 
may be ready for publication. (Project 45) 

Control Of Flies As Animal Pests 

C. W. Wingo 

OBJECTIVES: 

A and B below. 

REPORT OF PROGRESS: 

A . House fly response to organic phosphates. 
A continued check of control afforded by 1 percent 

diazinon residues on barn surfaces was carried through
out the 1956 season. Fifty day's excellent control was af
forded by the initial application. The second application 
gave control until frost. American Cyanamid Experiment
al Insecticide 4124 at one percent with one percent aro
dor added failed to give adequate control. Dow ET-14 
gave 35 days' concrol during June and July but the sec
ond application in August gave only two weeks' satis
factory control. There was considerable evidence that the 
ET-14 formulation deteriorated late in the season. Dow 
chemists are currently analyzing samples from the Mis
souri experiments. 

Results of the applications of diazinon at one per
cent indicate no sign of resistance developing to this or
ganic phosphate after four seasons' exposure in the field. 

B. Tick population recovery in treated plots in Lone Star 
Tick study area preparatory to retreatment in 1957. 

Tick populations were sampled by drag in the buffer, 
check and treated areas from the 1955 studies in the sum
mer of 1956. Lone Star Tick populations were much 
higher in general throughout the area. All areas except 
Plat I (dusted with DDT 4# actual insecticide per acre 
April 1, 1955) show a marked increase in Lone Star Tick 
populations in 1956. Considerable variation in popula
tions determined by the sampling methods occurs; how
ever, the reduction in population in Plat I (only 2-4 per
cent of that of adjoining buffer areas) is too marked to be 
attributed to natural variation or introduced error. (Project 
46) 

Study Of The House Cricket And Other Insects 

P. C. Stone, H. E. Brown 

OBJECTIVE: 

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 reproductive potential of the house cricket and other 
insects when fed upon growing plants or parts of plants. 
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REPORT OF PROGRESS: 

The ten major experiments carried out this year used 
day-old crickets as bio-assay animals for studying growth, 
survival and maturity on sixty-nine diets which consisted 
of Cerophyl, lespedeza meal, and Dr. Thomas Luckey's 
Universal Diet to which many substances were added. 
Each diet was five replications of five crickets each. The 
crickets were kept in glass rearing jars (six inches in di
ameter and nine inches high). Double distilled drinking 
water was provided all tests crickets and white silica sand 
was used as a floor covering on the bottom of the rearing 
jars. Five of the experiments were of 30 days' duration; 
one was continued for 80 days ; and one is not completed, 
and three were continued until all crickets matured. Lab
oratory and cabinet space in which a constant tempera
ture and humidity could be maintained limited the size, 
number and duration of the experiment completed. Sever
al of the experiments had to be run at room temperature 
(75°-85° F) because of the large number of rearing jars 
involved. Crickets in each experiment were usually 
weighed on the 10th, 20th, and 30th day when held at 
temperature close to 90° F; however, because growth 
responses are slower and variations slight at the lower 
temperatures, crickets were counted on the 10th and 20th 
day and weighed when they were older. 

Much progress was made during the year in im
proving cricket rearing techniques to provide a continuous 
source of day-old crickets throughout the year. Crickets 
were formerly retained in egg laying jars for at least 24 
hours after hatching had begun and then the day-old 
young were sorted and used in experiments. The survival 
of the crickets during the first week of an experiment had 
often been erratic and deaths may have been caused by 
dehydration and starvation. However, complete survival 
was made possible when crickets 'were forced to leave an 
oviposition jar just after hatching and drop into a rear
ing jar in which Cerophyl and drinking water were pro
vided. The crickets were driven from the oviposition jars 
by means of heat and light from a 60 watt electric light 
bulb. All experiments were thus started with crickets 
which were approximately one day old and had had an op
portunity to eat and drink from the time they hatched. 
(Project 74) 

Biology And Control Of Field Crop Insects 

H. E. Brown, P. C. Stone, 
Lee Jenkins, C. W. Wingo 

OBJECTIVE: Migration of Potato Leafhopper. 

This objective is a cooperative undertaking with 
NC-29. Collections of leafhoppers were made starting in 
early April in southeastern Missouri. The first specimens 
of Empoasca fabae were taken in southeast Missouri on 

April 30, 1956. The earliest record for central Missouri 
(Columbia) was May 21, 1956. 

OBJECTIVE: Seed Treatment With Soil Insecticides. 
The experiments on the effect of seed treatment with 

soil insecticides on germination of farm seeds carried out 
in 1955 was repeated in a somewhat expanded form in 
1956. The same farm seeds, corn, wheat, cotton, and soy
beans, were used, and the same insecticides were tested 
(lindane, aldrin, dieldrin, and heptachlor). Several fungi
cides were also tested in all combinations with the insecti
cides. The cold test was used to test stress in germina
tion on the corn seed as well as a standard germination 
rag doll test. Standard germination tests were carried out 
on the other seeds (soybeans, cotton, and wheat). The 
results of these tests are summarized in the report of 
Field Crops Project 127. This objective was carried out co
operatively with Field Crops Projects 127 and 85. 

OBJECTIVE: Control of Hessian Fly with Insecticides. 

Attempts to control Hessian fly with insecticides has 
been an active objective of this project fora number of 
years. However, very minor success has been attained un
til the present year. Tests have been carried out using 
chlorinated hydrocarbon insecticides and some control 
has been indicated but only at high and non-feasible 
levels. Initial tests with phosphate systemic insecticides 
(Systox) have been largely negative. The first strongly 
positive results were obtained during March and April 
1956. Greenhouse experiments were set up to test a new 
phosphate systemic insecticide (Thimet) and the results 
indicated that this material at last was capable of giving 
excellent Hessian fly control at economical rates of ap
plication. (Project 102) 

Cotton Insects In Missouri 

Lee Jenkins, Perry Adkisson 

1956 COTTON INSECT SITUATION 

Better than average weather provided excellent grow
ing conditions from planting time up until July. Most of 
July, August, and early September were abnormally dry 
resulting in many fields "cutting out" entirely by mid to 
late August. General rains in mid-September caused some 
fields to once again produce squares, resulting in bloom 
and small bolls in early November. Frost and freeze stop
ped all growth by mid-November. 

Generally speaking, Missouri cotton once again escap
ed general and widespread injury from cotton insects, al
though widely scattered outbreaks of most of the major 
cotton insects did occur. The following is a brief account 
of the 1956 insect activity on cotton: 

COTTON FLEA HOPPER (including tarnished plant 
bug and rapid plant bug). The peak of activity occurred 
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from mid-July to mid-August although economic popula
tions and damage was light and control was confined to 
individual fields. Predaceous insects were numerous and 
aided materially in keeping damage to a minimum. 

SPIDER MITES (Tetranychus altanticus, T. tetarius, T. 
cinnabarius, T. lobsus and T. schoenei.) Spider mites began 
early and even became a problem in a few fields of seed
ling cotton. By mid-July' infe~tations were common 
throughout the area reaching a peak by mid-August. Lack 
of control resulted in moderate to total defoliation in 
many fields and reduced both the quality and quantity 
of the crop. T. atlanticus was the most common species 
and was responsible for most of the damage. 

BOLL WORM (Heliothis zae). Boll worm activity be
gan early in July and continued throughout the growing 
season. Populations reached a peak by late July and 
continued unusually high until mid-August when drouth 
weather conditions caused most fields to "cut out" re
sulting in only light boll worm damage to the crop. 

BOLL WEEVIL (Anthonomus grand is). Very low num
bers of weevils successfully overwintered in Missouri for 
the first time in the past four years. Infestations slowly 
built up during the summer but were held in check by 
dry weather. Migration began about mid-August and 
rapidly increased in September and October on the second 
growth squares and bolls. Populations by the time of 
freeze were at an all time high throughout the entire 
area. 

SEED CORN MAGGOT (Hylemya cilicrura). Light in
festations occurred in widely scattered fields throughout 
the area although no economic loss occurred this season. 

CUTWORMS (Primarily Peridroma margaritosa) . Scat
tered fields, particularly those bordering alfalfa, had 
marginal injury but overall damage was very light. 

COTTON APHID (Aphis gossypii). Infestations were 
very widely scattered and largely confined to individual 
plants or small areas within a field . By early June some 
spot treatment was used in a very few fields. 

COMMON STALK BORER (Papaipema nebris). Unusual
ly heavy marginal infestations occurred during June 
throughout the area. Many fields had from two to seven 
percent of the marginal rows damaged or destroyed. 

COTTON THRIPS (Several species involved). Thrips 
remained generally low (one to three thrips per 10 plants) 
until early June when populations increased rapidly to 
about two-three thrips per plant. By early June the cot
ton plants had developed to the point that thrips caused 
little or no injury. 

COTTON LEAF WORM (Alabama argillacea). A few 
fields had light to moderate infestations requiring control 
measures by mid-September although populations did 
not increase after this date. (Projea 214) 

Corn Insect Investigations 

P. C. Stone, H. E. Brown, 
Paul Spangler 

Rootworms: During the past summer four farms were 
selected for possible test areas for rootworm control. In 
three of the four cases county agents were contacted and 
they recommended particular farms where they suspected 
a rootworm infestation. In the fourth case the farm was 
personally visited the previous summer and a definite 
rootworm problem was observed to be present there. 

The above has a direct bearing on this report since 
only one satisfactory test resulted from the four tests 
made. Only one of the three fields recommended by the 
county agents had a rootworm infestation. Unfortunately, 
only a small test was applied on this farm (Bone farm) 
and no yield data were obtained. 

Farm Stored Grain: In cooperation with and at the 
request of the Agriculture Stabilization and Conservation 
Office in Columbia, grain purchased by them was examin
ed for stored grain pests. This grain was stored on the 
farm for about one year before it was purchased by the 
A.S.C. office. The samples were taken from the trucks 
prior to storage in A.S.C. bins. The study shows the num
ber of samples, pests found, percentage of occurrence for 
each species, moisture, grade and total percentage of 
samples infested. This indicates that the government was 
buying a stored grain insect problem. 

Insecticide treated bags: Numerous requests have been 
received for information on the use of treated bags for 
seed grain storage. Since little work has been done on 
treating bags with insecticides, an experiment wa~ under
taken. 

Shelled corn was fumigated for 24 hours with carbon 
tetrachloride, aired, screened thoroughly and one gallon 
of grain placed in each bag. 

The bags used were number 20 Kraft paper bags. 
These were dipped in the different percentages of in
secticide and dried before the corn was added. After the 
grain was added the tops of the bags were folded down 
tightly three times and then stapled shut. The treatments 
were replicated four times and randomized in the con
stant temperature room. (Project 269). 

European Corn Borer Studies 

P. C. Stone, A. K. Burdett, 
D. W. Stout, K. R. Thompson, 

Herman Hebenstreit, Erwin Williams. 

REPORT OF PROGRESS: 

Two counties in Missouri, Carroll and New Madrid, 
were selected for participation in Phase 2 of Regional 
Project NC-20. These counties were selected as being rep
resentative of the two corn growing areas of the state. 
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Carroll County is located in central Missouri in the "com 
belt" while New Madrid County is located in southeast
ern Missouri in the cotton growing area. Emphasis has 
been placed on the census in Carroll County, during the 
1956 season, since it is located in the North-Central agri
cultural area. 

Carroll County is located in the North-Central part 
of the state on the Missouri River. The southern quarter 
of the county is a fertile, flat area in the Missouri River 
bottomland while most of the remainder of the county 
is located in poorer upland soil. The county consists of 
over 700 sections of land divided among 22 townships. 

New Madrid County is located in southeastern Mis
souri on the fertile Mississippi River Delta, about 35 
miles southwest of Cairo, Illinois. The county consists of 
almost 700 sections of land divided among 11 townships. 
Cotton, soybeans, and corn are the most important crops 
in this area. Since 1953, the fall corn borer survey has 
shown that the heaviest corn borer population in Mis
souri was found in this area. Apparently this is due to a 

large third brood population found on late planted com. 
In cooperation with the county agents, 46 farmers in 

Carroll County and 13 farmers in New Madrid County 
were contacted to determine if they were willing to par
ticipate in this type of project. Thirty-two and twelve 
farmers, respectively, applied in the affirmative. A ques
tionaire was filled in by these cooperators giving the re
quired information regarding each of the fields. ( Project 
270) 

Plant And Animal Tolerance To Soil Insecticides 
H. E. Brown, C. W. Wingo, 
P. J. Spangler, P. C. Stone 

REPORT OF PROGRESS : 

Orchard and vegetable soils with a long history of 
treatment with DDT were requested by the lead station 
(Wisconsin) for analysis to determine total accumulation. 
Soils were collected December 28, 1955 and analyzed at 
Wisconsin during 1956. 

Results of analysis of such soils appear below: 

DDT APPLIED 

Location Crop 

Jackson Co., Missouri Orchard 

Jackson Co. , Missouri Potato 

Plot A - Pasture (Timothy - Alfalfa) 
Insecticide applied September 1955. 
Pasture planted September 1955. 

Weather was extremely dry with poor germination. 
Alfalfa seedling winter killed. Timothy made a good 
stand and spring growth showed marked differences in 
vigor and height. 100 pounds Heptachlor/ acre replica
tions were markedly delayed in growth. 100 pounds 
Dieldrin/ acre replications showed marked delay but less 
than Heptachlor. No differences apparent at lower con
centrations. These differences disappeared with growth 
and were not detectable at harvest time. No harvest yield 
records taken as alfalfa were completely missing from the 

Recovered in 
Over years Totallbs/acre (1955 Ibs/6" A.) 

11 562 61.00 

9 23 00.90 

plot. Soil samples taken September 13, 1956 now in lab
oratories for bioassay and chemical analysis. 

Plot B-Wheat 
Insecticide applied September 1955. 
Wheat planted September 1955 . 
Late germination due to drouth. No detectable dif

ferences in growth or vigor of seedlings in spring or sum
mer. Good crop at harvest. Combined yields determined 
July 10, 1956. 

WHEAT YIELDS - McCREDIE STATION - PLOT B - 1956 

Check Dieldrin/Acre 

No. 
Treat. 3'* 10'* 

Yield Bu. 25.45 23.44 18.65 22.84 

* Significantly different from check at five percent level. 

Plot B was planted to pasture (Timothy and Alfalfa) 
September 1956. 

Soil samples for bioassay and chemical analysis taken 
September 12, 1956. 

Plot C-Corn 
Cover crop, wheat, September 1955 . 

Heptachlor/Acre 

100'* 3# 

16.57* .17.86 23.11 

Insecticide applied July 9, 1956. 
Corn planted July 19, 1956. 

10'* 

16.95 

100'*-

13.16* 

Heavy sheet erosion in July. Bioassay of check plots 
in August showed soil contamination with Heptachlor 
and Dieldrin. 

Com harvested and yield determined December 1956. 
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CORN YIELDS* - McCREDIE STATION - PLOT C - 1956 

Check Die ldr in/ Acre Heptachlor/Acre 

No. 
Treat. 3# 10# 100# 1# 3# 10# 100# 

Yield Bu. 61.88 63.22 66.47 64.75 64.56 59.97 55.20 67.23 64.94 

No significant differences. *Based on Replications 4, 5 & 6. 

This rotation plot will be abandoned due to contam-
ination of check replications by sheet erosion. 

Plot D-Soybeans 
Cover crop, wheat, planted September 1955. 
Insecticide applied July 9, 1956. 
Soybeans planted July 9, 1956. 
No apparent differences in germination or seedling 

vigor was observed in July. Late July rains of exceptional 
intensity badly eroded the lower half of Plot D shortly 
after the beans were up. This plot has been abandoned. 

Soil samples, as noted above, were taken from Plots 
A and B for bioassay and chemical analysis. A composite 
sample of each treatment was taken by taking 54 cores 
(9 cores from each of 6 replicates) from each treatment 
one year after the initial application of insecticide. The 
data from these samples will be available later in 1957. 
(Project 283) 

Grasshopper Control 

R. L. Shotwell, C. M. Sewell, J. T. Sewell 

REPORT OF PROGRESS : 

Objective A: An investigation of grasshopper trends 
in relation to weather, biological factors, cultural prac
tices, chemical control, and any other direct or interesting 
factors that might affect insect populations such as soil 
types, soil fertility, etc. 

Fall Egg and Egg Predator Surveys 

In this study some 194 square foot soil samples were 
taken in 17 fields on the area. The average was .25 pods, 
mostly mexican us, per square foot. Furthermore, in 227 
square foot samples along the roadsides and field margins, 
the average was only .29 pods per square foot and mostly 
differentialis. This latter figure speaks well for the spray
ing of 199 acres of roadsides and margins with aldrin and 
148 acres of similar margins with dieldrin toward the end 
of the spray operation when differentialis, were concentrat
ing in these places. It amounted to spraying about 40 
miles of roadsides and fields margins four rods wide. 

Egg surveys were made in eight fields not on the 
area but were sprayed during the summer with ex-cellent 
results. In 95 square foot field samples the average was .21 
pods per square foot which is about the average on the 
area. This places the infestations in all the sprayed fields 
in the Number 1 or Non-economical category. 

At the same time the egg counts were made the 
number of egg predators, blister beetle and bee fly larvae 
in the pods were recorded. The field egg pod counts on 
the area showed that 27 percent of the pods had preda
tors in them. Off the area there were 10 percent with 
predators. In the field margins egg predatism averaged six 
percent. 

A special egg predator survey was made of some 
heavy marginal infestations of M . differentialis not on the 
area which bordered fields that had not been sprayed. 
Along the margins of seven fields of 347 egg pods ex
amined there were 139 with and 208 pods without preda
tors. This was an average of 40 percent predatism for the 
seven fields . There were over three times as many blister 
beetle as bee fly larvae and a few pods had as many as 
three predators in them. (Project 286) 

Taxonomy And Biology Of Insects Attacking 
Acorns In Missouri 

Jerome Brezner, W. R. Enns 

OBJECTIVES: 

A . To conduct a systematic study of the insects which at
tack acorns in Missouri with emphasis on the various 
species of nut curculios. 

B. To conduct an investigation of the biology and ecology 
of insects attacking acorns in Missouri. 

REPORT OF PROGRESS: 

During the past year, acorn collections were made at 
18 collecting stations throughout the state. Field person
nel of the Missouri Conservation Commission, U. S. For
est Service, Forestry Department, and the Entomology 
Department aided materially in obtaining these collec
tions. Over 200 separate collections of acorns were made. 
Insects were recovered from each collection, the adult 
form identified, and the larval forms placed in rearing 
containers. This phase is intended to give information as 
to host specificity and the ecological complex of the 
acorn habitat. Parasites also were recovered and identified 
and all associations were noted for future investigation. 

The following chart lists the species of insects re-
covered from acorns to date : 

Curculio strictus from Swamp white oak and from 
white oak. 
Curculio emarginatus from Swamp white oak. 
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Curculio rectus from Northern red oak. 
Conotrachelus naso from White oak. 
Conotrachelus posticatus from White oak. 
Melissopus sp., an acorn caterpillar, was recovered 

from acorns of all species of oaks sampled. 
Maggots from which adults were reared belonging 

to the family Ceratopogonidae (Diptera) were submitted 
to the U. S. National Museum and were identified as a 
species belonging to the genus Forcipomyia. 

Of the parasites reared from acorns, two families of 
insects are represented. They are wasps of the family Bra
conidae, probably the genus Urosigalphus; and flies of the 
family Tachinidae, genus and species undetermined. 

Efforts have been made to determine primary and 
secondary acorn invaders. Nut curculios appear to be the 
only primary invaders and for this reason most of the 
taxonomic study is being placed on the weevils. 

Larval forms of acorn weevils have been dissected, 

* * * 

cleared, and mounted on microscope slides for taxonomic 
study. Since no previous work has been done on identifi
cation of these larvae, this is an unknown field and work 
in progress is aimed at discovering morphological char
acters which may be used in the taxonomy of the group. 
So far very few characters which vary with the species 
have been found. This phase of the study is very impor
tant for it appears that rearing will be an extremely slow 
and laborious process and if methods may be devised to 
determine the species in the larval stage, great progress 
will have been made toward a better understanding of 
these insects. 

Notes on life histories have been made including 
such items as data of appearance of adults under natural 
conditions; average number of larvae per nut; and emer
gence data from two year old rearing cages set out in the 
course of work done in seasons previous to activating this 
project. (Project 294) 

* * 

Fertilizer Control 
w. L Baker, Chairman 

Administration Of The Missouri Fertilizer Law 

W. L. Baker, R. H. Wehrmann, W. R. Bernhardt, W. F. 
McNeall, Doris A. Stone 

OBJECTIVES: 

Efficient administration and enforcement of the Mir
souri Fertilizer Law by means of 
A . Operation of an effective inspection program to pro

vide protection and guidance to fertilizer consumers 
within the state. 

B. Maintenance of records listing every reported sale of 
fertilizer, and tabulation of this data for publication:' 

C. Collection of fees. 
D. Preparation and publication of the annual Missouri 

Commercial Fertilizer Inspection and Analysis bulletin 
and other pertinent and informative material. 

REPORT OF PROGRESS: 

A. During the calendar year 1956 authorized inspec
tors traveled a total of 46,500 miles calling on farmers, 
dealers, and manufacturers throughout the state. A total 
of 2477 official samples of bagged and bulk fertilizers, 
representing lots from every county in the state, were 
collected and analyzed. 

A schedule of approximately ten days from collection 
of samples to reporting of analyses was consistently 
achieved, thereby permitting a return in time to stop sale 

of most lots of fertilizer found misbranded. 
B. Maintenance of accurate and current tonnage rec

ords made possible checking of fees collected against ton
nage reported as soon as received. It was generally possi
ble to account for discrepancies by correspondence, ex
cept where manufacturers failed to file all invoice copies 
as required by law. 

C. Fees collected on fertilizers sold for use in Mis
souri during the year ending December 31,1956 amounted 
to $237,172.20. All fees of significant amount were re
ceived by, or within a few days after July 30, 1956 and 
January 30, 1957. 

D. Publications issued during the year ending Janu
ary 31, 1957 included the following: 

(1) Publications issued during the year ending J anu
ary 31, 1957 and Analysis, 1955. 

(2) Missouri Fertilizer Tonnage ReportS including a 
breakdown by grades within each county. (issued 
semiannually). In addition monthly tonnage 
totals were made available to all interested parties. 

(3) A list of all permit holders, with supplementary 
listings issued as new registrations are received. 

(4) Seven ReportS of Analysis of Fertilizer Samples 
Collected issued periodically throughout the 
year so that the performance of manufacturers 
could be observed on a current basis. (Project 186) 
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Field Crops 
E. L. Pinnell. Chairman 

Improvement Of Missouri Farm Seeds 

W. E. Astin, Norman Brown, L. E. Cavanah, Carl 
Hayward, Viola Stanway 

REPORT OF PROGRESS: 

Certified Seed Production and Distribution. Seed fields 
of the recommended crop varieties were thoroughly ex
amined for qualities best seen in actual crop growth on 
19,004 acres. This acreage, under certification, of crop and 
crop varieties recommended for use in Missouri was lo
cated in 67 of the 114 counties of the state. This includ-

No. Acres 
Crop Growers Inspected 

Wheat 59 2635 
Barley 24 1232 
Rye 3 68 
Grasses 5 593 
Millet 2 100 
Corn 31 2074 
Cotton 13 2237 
Oats, spring 13 472 
Oats, winter 1 24 
Soybeans 104 8997 
Rice 2 44 
Sorghum 6 169 
Sudan grass 5 165 
Legumes 9 194 

* Estimated seed to be certified T. Ton # Pounds 

This volume of seed certified should be sufficient to 
plant 400,000 acres of corn, 200,000 acres of soybeans, 
20,000 acres of cotton, 50,000 acres of small grains, 12,000 
acres of grasses and legumes, and 2500 of sorghums and 
sudan grass. 

In addition to the ,certified seed production, breeders 
and foundation seed of new and old varieties was pro
duced on contracted acres for further increase and distribu
tion as follows: 

(a) 926 bushels of foundation seed of Lee soybeans. 
(b) 24 bushels of breeders seed of S-715 8 soybeans. 

(c) 42 bushels of foundation seed of Mo. 0205 
oats. 

(d) 2251 bushels of foundation seed of Vermillion 
wheat and distributed to fifty-three growers over 
the state and planted on approximately 1800 
acres. 

(e) 83,497 M.V.K.'s of nine single-cross hybrid com 
lines and 162 M.V.K.'s of two inbred corn lines, 

ed 51 varieties, in total, of corn, cotton, soybeans, sorgh
ums, rice, winter wheat, rye, winter barley, winter oats, 
spring oats, millet, grasses , and legumes. 

Of the 19,004 acres field inspected, 16,900 acres were 
approved and accepted for certification, subject to ap
proval of later seed inspection and detailed tests by the 
Seed Testing Laboratory for their planting value. . 

Certification completed on the 1956 crop, with 
estimates on the seed of those crops still being processed 
is as follows: 

Acres 
Accepted 

2253 
1093 

68 
593 

31 
2067 
2237 

441 
24 

7571 
44 

119 
165 
194 

Bushels Bushels 
Inspected Certified 

56,811 53,901 
29,215 26,299 

140 0 
86,685# 60,385# 
27,500# 27,500# 
Incomplete *51,500 
Incomplete * 401 T. 
28,000 26,500 

750 750 
Incomplete *94,000 
Incomplete * 1,700 

158,900# 158,900# 
74,300# *41,200# 
Incomplete *75,000# 

completely processed into planting grades and 
treated to protect the seed from pathogens. 

(f) 86 bushels of Pipe corn hybrids No.4 and 6. 

Seed Testing Laboratory. Testing of seeds by the Seed 
Testing Laboratory continued on a more orderly manner 
as a result of a seasonal schedule. Though, many sam
ples were received after the scheduled time for testing 
those seeds, all seeds were later tested and reported for 
most results to be useful. 

Sorghum Yield Tests. Good yields were obtained in 
1946 though conditions were not a favorable as they were 
in 1955. At Columbia, the lack of sufficient moisture dur
ing the period of pollination and seed formation in early 
August, resulted in poor seed set and small seed. The dry 
fall allowed all varieties to dry sufficiently for safe storage. 
But far more striking was the severe lodging by many of 
the varieties. Much of the lodging was caused by char
coal rot being more pronounced during drouth condi
tions. 
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The test at Sikeston was again damaged by birds and 
it was necessary to discard the test. 

The hybrids included in the tests in 1956 gave good 
yields but were uneven in heigh t and were somewhat dis
appointing. (Project 19) 

Mechanism Of Heredity In Corn 

OBJECTIVES: 

M. G. Nuffer, T. Yabono, 
G. Redei, E. H. Coe 

A . Comparison of the effect of x-rays and ultraviolet 
radiation on gene mutation. 

B. Search for means of controlling mutation by the use 
of genetic modifiers and mutators. 

C. A nalysis of gene structure at selected loci. 
D. Study of the mechanisms by which genes control bio

chemical processes. 
E. To discover and analyze any genetic markers and 

phenomena that might facilitate the accomplishment 
of the above four objectives. 

REPORT OF PROGRESS: 

A. Comparison of the effict of x-rays and ultraviolet 
radiation on gene mutation. During the past year a re
search paper containing highly significant data on the 
problem of the comparative effects of x-rays and ultra
violet radiation on gene mutation was published. The 
conclusions reported were as follows: (1) that x-rays do 
not cause gene mutations but instead cause minute defici
encies and gross chromosomal aberrations which though 
perhaps of some practical value to the plant breeder be
cause they increase variability, they cannot be considered 
true changes of the gene itself; (2) ultraviolet radiation 
on the other hand produced changes which could not be 
distinguished from true gene mutations. With these facts 
in mind a new approach to the radiation problem was 
taken. First of all it was decided to investigate the ef
fects of ultraviolet radiation more carefully. Experiments 
are now under preparation for a more extensive analysis 
of ultraviolet induced mutation. The second approach 
was to determine whether x-rays, though not changing 
the gene, could actually produce desirable or advantage
ous changes (deficiencies and rearrangements) in the corn 
germ plasm. To do this, highly uniform lines (doubled 
haploids) were treated with x-rays and now await prog
eny testing for vigorous and advantageous types. 

B. The genetic control of gene mutation. The means by 
which several different mutator factors (Dt, Ac, M, Id, 
etc.) can increase or lower the rate of mutation at the Al 
locus and at several other independent loci has come un
der extensive investigation. It is not yet known just how 
one gene can effect the mutation rate of another but it 
is quite clear that the answer is the key to efficient means 

of inducing hereditary variability and to the understand
ing of the gene itself. 

Certain of the mutable genes which are affected by 
the mutators mentioned above undergo a number of dif
ferent kinds of change. An experiment was set up to de
termine if they would also undergo such changes as the 
result of crossing-over but in the absence of the mutator 
factor. Sizeable tests have indicated that crossing-over 
with the a-a-Sh segment has very little effect on the mut
ability or the phenotypic expression of at least two mut-

able alleles (a and am) at this locus. There is, however, a 
possibility that certain discrete changes may occur. Prog
eny tests are now underway to analyze a few special cases 
that have been found . The evidence as to whether the 
above described mutator systems result in a suppression 
phenomena is inconclusive. 

C. Analysis of gene structure at selected loci. A detailed 
analysis of two loci which are well suited for gene struc
ture studies has been continued during the last year. At
tempts have been made to subdivide these loci and to 
analyze and characterize their component parts. 

D. Study of the mechanism of genetic control of biochemi
cal processes. Through a unique interaction of the aleurone 
color intensifier factor with other factors responsible for 
anthocyanin synthesis in the aleurone tissue, a logical 
construction for the sequence of action of these factors 
has been made, using all available information from this 
and other sources. The sequence is (C, R), In, AlJ (Bzu 
A~). The position of Pr is not clear. Other sequences are 
feasible, but this one is most nearly in accord with the 
simplest interpretation. 

Factors for high-amylose starch have been difficult to 
distinguish from normal, since their effects on the pheno
type are not very distinctive. An interaction of hal with 
wx has been found, in which ha wx kernels show marked 
collapse and, usually, translucence. New ha mutants 
might best be sought on a wx background, where they 
would be easily distinguished. Through this interaction, 
linkage of hal with chromosome 5 has been confirmed, 
and linkage of ha2 with chromosome 10 has been dem
onstrated. 
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E. Analysis of new genes and genetic phenomena. In a 
line having a high frequency of haploidy, data accumu
lated over twO years show 3.14 percent haploids in 7706 
individuals, in self progenies. In reciprocal outcrosses, 
the line shows 0.86 percent maternal haploids in 22,281 
individuals, and no paternal haploids in 6946. It is clear 
that the high frequency in selfs must involve some inter
action between pollen parent and egg parent. Heterofer
tilization is very high in the line, and may be associated 
with the production of haploids. 

A small test for non-homologous crossing-over in 
heterozygous translocations has given negative results. 



Eight translocations, having breaks near known genes, 
were tested in a total of over 24,000 gametes. This type 
of crossing-over must be quite rare. (Project 48) 

Breeding Hybrid Corn For Missouri 

M. S. Zuber, C. O. Grogan, W. A. Crane, 
Marvin Whitehead, Phil Smith, Arnold Matson, 

Norman Brown, Carl Hayward. 

OBJECTIVES : 

A . Develop agronomically superior hybrids. 
B. Develop hybrids for special purposes. 
C. Conduct investigations in pathological, entomological, 

and cultural problems, and in breeding techniques. 

REPORT OF PROGRESS: 

A. Develop agronomically superior hybrids. The recently 
released new double cross for northern Missouri, Mo 843, 
has received generally favorable comment as a result of 
its performance in 1956. The average for the northern 
region was slightly more than 10 bushels to the acre bet
ter than US 13 which is the hybrid that Mo 843 is to re
place in that region. This difference is slightly more than 
has been common over the past five year period. The re
sults were rather surprising in that Mo 843 normally 
does better under ideal conditions than under more ad
verse c·onditions. However, in northern Missouri in 1956 
the results were generally adverse but in spite of that 
Mo 843 pertorms superbly. There has been some com
plaint as to its low shelling percentage but a test of that 
nature revealed that Mo 843 had a shelling percentage 
of only a few points below that of US 13 and the differ
ence in yield more than offset the difference in shelling 
percentage. Furthermore, Mo 843 has better resistance to 
ear dropping as well as lodging resistance and these fac
tors also contributed to an even higher yield. 

B. Develop hybrids for special purposes. It was repotted 
last year that a cross between a high amylose strain from 
Purdue and a high amylose strain from Missouri gave a 
product whose amylose content was 27 percent indicat
ing the factors in the two amylose strains were not allelic, 
and that it was possible a strain could be isolated from 
this-cross which would have an amylose content above 
that of the highest high amylose parent. The F3 from this 
cross gave a number of progenies with an amylose ·con
tent ranging from 60 percent to slightly more than 70 
percent. This is especially encouraging since the northern 
regional research (laboratory at Peoria, Illinois indicated 
if an amylose strain containing as much as 80 percent 
amylose could be developed, pilot runs of possible com
mercial utilization would be instigated. Since the 70 per
cent strain came from an F3 progeny of a cross, it is very 
possible strains from this material can be isolated which 
will give amylose contents approaching 80 percent. Con-

cern has been expressed by some investigators that as 
the amylose content approaches 100 percent the strains 
may have a high degree of inviability. 

C. Conduct investigations in pathological, entomological, 
and cultural problems, and in breeding techniques. The study 
of the time of inoculation of corn with Diplodia zea as 
having an effect on yield was continued in 1956. The re
sults were similar to those obtained in 1955 in that it 
was found the reduction in yield was greater as the plants 
were inoculated at later dates after flowering than when 
similar plants were inoculated at an earlier period. These 
results are contrary to the popular opinion that the young 
plant subjected to diseases at an earlier stage would be 
more likely to have a severe reaction to the disease than 
if the inoculation had occurred at a later period. How
ever, these results are analogous to those reports that 
plant tissue and extracts of corn before anthesis are es
sentially immune to the attacks of Diplodia zea and some 
of the other stalk rotting organisms. It has also been re
ported stalks of inbred lines after anthesis lose this 
original immunity at different rates depending 'upon the 
original resistance of the strains. Therefore, the results 
obtained at Missouri Agricultural Experiment Station 
would coincide rather closely with those earlier reports. 
(Project 85) 

Testing And Breeding Of Winter Badey 

J. M. Poehlman, D. T. Sechler, Carl Hayward, 
Charles Hayward, Norman Brown 

OBJECTIVES : 

The objective of this project is to breed winter barley 
for yield, winter hardiness, and disease resistance. 

REPORT OF PROGRESS: (1956 crop season) 

Winter barley acreage remains high in Missouri with 
438,000 acres harvested in Missouri in 1956, in spite of a 
dry fall in which it was difficult to establish winter barley, 
and the. most severe winter in seasons. Most of the acre
age is planted to the Mo. B-400 variety. 

A new variety, Mo. B-475, was distributed to growers in 
the fall of 1955. Approximately 3000 acres of Mo. B-475 
were harvested for seed, and certified, in 1956. This was 
sold widely over the state to farmers in the fall of 1956. 
The advantages of Mo. B-475 over Mo. B-400, are higher 
yield, better threshability and higher test weight. B-475 
threshes more easily than B-400, the awns breaking off 
cleaner, and giving a higher test weight. 
PROGRESS IN BREEDING. 

a. Yield tests in 1955. At Columbia, 121 strains and 
varieties were grown in yield tests, and 35 strains at each 
Bethany, Pierce City, Sikeston, and Bragg City. B-475 has 
been the leader in yield, among the established varieties. 

Experimental strains in the yield tests that hold 
special interest are selections from the crosses: 
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(a) B-400 x Harbine-stiff straw and good yield. 
(b) (Michigan winter x MEB) x B475 2 -high yield 

and covered smut resistance. 
(c) B-475 x B-700-stiff straw and high test weight. 
One strain, B-969 (sel. C.1.7407-3), has proven to be 

outstanding in winter hardiness and also has good yield 
and stiff straw. The level of hardiness possessed in this 
strain may enable us to push the winter barley production 
another 100 miles northward. 

b. Experimental strains. A total of 1771 experimental 
strains were grown in increase or head rows. 

c. Crosses. Bulk hybrids of 27 crosses were advanced 
one generation in 1956. Eleven new crosses were made. 

d. Special nurseries grown in 1956: 
Uniform winter barley yield nursery 28 entries 
Uniform winter-hardiness nursery 50 entries 
Winter barley classification nursery 150 entries 

e. Improvement of B-475. The Mo. B-475 is being im
proved by backcross programs to reach the follow
ing objectives: 
(a) Add smooth awns 
(b) Add covered smut resistance 
(c) Add resistance to loose smut from c.l. 4966 
(d) Improve winter hardiness 

(Project 90) 

Diseases Of Missouri Field Crops 

Marvin D. Whitehead 

OBJECTIVES: 

A . To determine the diseases 0/ 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 ratings of present breeding 
lines, hybrids and varieties to the common diseases of 
the crops concerned, to Sfarch for high types of resist
ance and to cooperate with the plant breeders in the 
development of new, more resistant varieties. 

D. To determine the optimum and limiting environment
al factors for disease development and to search for 
cultural methods of control of the disease. 

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 inciting 
epiphytotics and develop new techniques for the study 
of diseases of field crops. 

DISEASES OF COTTON 

The estimated reduction from field yield due to diseases of cotton of Missouri during 1956 was reported as: 

Disease 

Fusarium wilt, F. vasinfectum and root-knot nematode 
Verticillium wilt, V. albo-atrum 
Bacterial blight, XintliOiiiOilitSiiialvacearum 

Percent Reduction 

Anthracnose boll rot (exclusive of seedling losses) Glomerella gossypU . 
Seedling damping-off 

4.0 
0.5 
0.5 
0_1 
2.5 
5.0 
0.5 
1.0 

Nub-root (mature plant symptom of seedling disease) 
Ascochyta blight, Ascochyta gossypU 
Root-knot Meloidogyne spp. and other nematodes parasitic 

REPORT OF PROGRESS: 

An extensive survey of the cotton producing area 
was made for the presence of tli.e root-knot nematode 
Fusarium wilt complex. Extensive areas were found heavi
ly infected and it was found to cover a considerably larger 
area than had been previously thought. The 4.0 percent 
reported reduction in yield compares with a previously 
reported' high of 2.0 percent. 

Corn Diseases 
An extensive test was conducted to determine the 

effect of Diplodia stalk rot on yield and another test to 
determine the effect of time of infection upon disease se
verity. In all tests the inoculum was prepared as a mix
ture of cultures of ten isolates. Isolations were made from 
a varied collection of diseased stalk material. The inocu
lum was prepared both as agar plate mycelium cultures 

Total Diseases I4.6 

cut in a Waring Blendor and as a pycnospore suspension 
prepared from grain sorghum cultures. Sorghum grain 
soaked twelve hours in water was placed in 500 cc Erlen
meyer flasks to a depth of approximately one and three
fourths inches, 20 cc of water added and autoclaved for 
45 minutes. Twenty-four hours later if the surface of the 
grain showed drying 10 cc of water was added before re
autoclaving for two hours. After cooling the medium was 
shaken to separate the sorghum kernels that tend to cling 
together. Four or more small agar mycelium pieces from 
a plate culture were mixed in the grain in the inocula
tion of the medium. During the incubation period the 
medium was shaken at intervals to break up the myceli
um development, allow air to enter the culture, and re
tain the kernel particles. After pycnidal development the 
sorghum grain culture was washed to obtain a spore sus-
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pension. Inoculation was made hypodermically with a 
continuous flow syringe into the second internode above 
the soil line. 

Diseases of Forage Crops 
Yellow leaf blotch, Pseudopeziza jonesii, Stemphylium 

leaf spot, Pleospora herbarium and Cercospora leaf spot, 
Cercospora zebrina were the main incitants of defoliation 
of alfalfa. A heavy early general infection of downy mil
dew, Peronospora trifoliorum occurred. 

A trip into the Charleston, Missouri area on July 11 , 

1956 revealed several fields Of alfalfa severely infected 
with bacterial wilt, Corynebacterium insidiosum. The survey 
was made approximately three weeks after the time of the 
second cutting of most fields. Certain fields had 60 per
cent of the plants dwarfed with small chlorotic leaflets 
to completely dead plants. Dr. Hugo Grauman, in charge 
of alfalfa research for the U.S.D.A., stated that the infec
tions were the most severe he had ever seen. 

A statewide collection of specimens of alfalfa black
stem was made and forwarded to the University of Min
nesota where a toxonomic regional survey was conducted. 
From the 20 collections it was reported that Phoma and 
Ascochyta occurred on 18, Colletotrichum on 12, Pseudoplea 
on 5, Stemphylium on 3, Fusarium on 2 and Verticillium 
on 4. 

Northern Anthracnose, Kabatiella canlivora, and 
powdery mildew, Erysiphe polygoni, were the main diseases 
of red clover. 

Tar spot of lespedeza, Phyllachora lespedezae, was 
found' general with the crop inciting 5-60 percent defolia
tion. It is considered to incite more forage yield loss than 
any of the other diseases. Bacterial wilt incited from 
trace to heavy forage yield loss. 

Stemphylium leaf spot, Stemphylium loti, was con
siderably less severe on birdsfoot trefoil than occurred in 
the 1955 season. 

The tests to determine the cause of dying out of 
birdsfoot trefoil stands were continued. Agar plantings 
were made of the root and crown portions of diseased 
plants. The results of these planting are listed. 

Leptodiscus terrestris, was the most prevalent root 
pathogen occurring in the wet soil portion of the nursery. 
Stemphylium loti was the most consistently present organ
ism occurring in the drier portions with species of 
Fusarium plated from most collections. Extensive green
house work is needed to check the relative pathogenicity 
of these organisms. Stemphylium loti has been described as 
a leaf spotting pathogen, but no connections have been 
made as to its ability to incite root rotting. (Project ]27) 

Control Of Weeds 

O. H. Fletchall, Norman Brown, Carl Hayward, 
D. L. Klingman, H. D. Kerr, E. J. Peters 

OBJECTIVES: 

A. Control of Weeds (including Woody Plants) in Pas
tures and meadows. 

To evaluate the selective effect of chemicals on indi
vidual weed species and to evaluate the effects of herbicides 
upon the production of desirable forage resulting from re
duced competition of weeds. The effectitieness of chemicals 
for weed control as an aid in establishment of legumes 
were to be studied. The relative cost of controlting un
wanted brush by different methods is being determined as 
well as the effict of the different methods of brush control 
upon vegetative composition and production of desirable 
forage. 
B. Control of Weeds in corn, cotton, cereal, and in soy

beans. 
a. To test new and standard herbicides as pre-emer

gence treatments, post-emergence treatments, and di
rected sprays under varying conditions of the crops, the 
weather and the soil. 
b. To compare various combinations of chemical and 
cultural weed control practices from the standpoint of 
efficient crop production. 

REPORT OF PROGRESS: 

Detailed results with pictures are reported in the an
nual report of the Field Crops Research Branch, A.R.S., 
U.S.D.A. and the Missouri Agricultural Experiment Sta
tion. Following are summaries of results of experiments. 

A. Control of Weeds (including Woody Plants) in 
Pastures and Meadows. 
a. The Use of Chemicals for Control of Broom Sedge. 

Dalapon applied at 16 pounds per acre was better for 
controlling broom sedge than dalapon applied at eight 
pounds per acre. TCP was not effective for the control of 
broom sedge. Treatments of dalapon applied early in the 
summer appeared to be more effective than late applica
tions. The data suggest that early spring application may 
be worth exploring for the control of broom sedge. 

b. Wild Garlic Control in Bluegrass. Repeated treate 
ments of wild garlic over several years with various 2,4-D 
compounds show promise for the control of wild garlic. 
The 2,4-D compounds appear to be more effective in con-
trolling garlic than 2,4,5-TP. . 

c. Selective Control of Weedy Grasses and Broad
leaved Weeds in Legume Seedlings. Several herbicides have 
shown promise of being useful for the control of weeds 
in alfalfa seedlings without injury to the alfalfa. The use 
of TCA and dalapon shows great promise in the control 
of grassy weeds, but for the control of both broad-leaved 
and grassy weeds these two chemicals need to be used in 
combination with additional treatments. The most suc
cessful treatments in this experiment for the control of 
both types of weeds were eight pounds of TCA with one 
pound of 2,4-DB and three pounds of dalapon plus mow-
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ing. Good broad-leaved weed control and poor grass con
trol resulted from treatments with eight pounds of TCA 
plus mowing and from treatments with one or two 
pounds of dalapon plus mowing. 

d. Preliminary Experiment To Discover Supplemental 
Weed Control Methods to Earlier Post-emergence Treatments 
on Birdsfoot Trefoil. At advanced stages of weed grass 
growth, three pounds of dalapon is superior to eight 
pounds of TCA for control of weed grasses. However, if 
the applications are made at emergence to shortly after 
grasses emerge there is little difference between these 
rates of the two herbicides. TCA is apparently a more 
residual compound. The best stands of birdsfoot trefoil 
in 1955 resulted on plots given two treatments of dalapon 
at three pounds per acre on May 19 and on June 18, 
1955. Two mowings were necessary to control broad
leaved weed growth as supplement to the grass control 
by the twO dalapon treatments. Best stands of birdsfoot 
trefoil remained in July 1956 on plots given the above 
treatment in 1955 and yields were consequently greater 
on these plots. Weed grass competition seems to be more 
detrimental to birdsfoot trefoil growth during the seeding 
year than competition from broad-leaved weeds. 

Leads gained from these studies will be tested in new 
experiments next year. Combinations of herbicides for 
control of both broad-leaved weeds and weed grasses 
need to be compared with grass controlling herbicide and 
mowing combinations for weed control in seedling birds
foot trefoil. (Due to lack of space this report has been 
greatly shortened). (Project 156) 

Efficiencies Of Cotton Production 

W. P. Sappenfield, M. D. Whitehead, 
O. H. Fletchatf, Arnold Matson, 

Norman Brown 

OBJECTIVES : 

A. To compare and evaluate different varieties as to their 
inherent ability for yield and quality under various 
environmental conditions. 

B. To develop a cotton variety that is better adapted to 
Missouri conditions than existing varieties in regard 
to earlier maturity plus high quality. 

C. Reported in Soils Project, Hatch 267 -Soil Fertility in 
Cotton Production. 

D. Reported in Field Crops Project 156- Weed Control. 
E. To test different chemicals for effectiveness in removing 

leaves from mature cotton plants in order to promote 
rapid opening of botts, reduce damage from diseases, 
and increase grades of lint. 

RESULTS: 

A sound testing program is most essential in any cot
ton program. In this way, those varieties best suited to 

our local conditions are singled out from the host of 
available commercial varieties. New strains are also 
evaluated to determine their worth. 

Tests were planted at five locations in 1956. Only 
three can be considered competent-those at Sikeston, 
Malden, and Bragg City. 

Lack of moisture during late July and August pre
vented the set of a full crop at Sikeston. The test at 
Malden received six sprinkler irrigations of approximately 
two inches of water each during the fruiting and boll de
velopment period. An early cold and wet period and poor 
drainage prevented rapid development of seedlings at 
Bragg City. The following drollth prohibited adequate 
recovery and a very light crop was produced. 

Date of planting and harvesting, soil and fertilizer 
information for each location was maintained. The value 
of irrigation and adequate fertilizers was clearly demon
strated. Lint yields of 2 to 2.5 bales per acre were com
mon. 

Only four varieties are recommended for 1957 -Fox, 
Deltapine 15, Deifos 9169 and Coker 100 W only where 
trouble is expected from fusari~m wilt. This disease us
ually occurs on the lighter sandy soils. No varieties pres
ently available are tolerant to the verticillium wilt found 
most commonly on the heavy soils in counties adjacent 
to the Mississippi River. 

The short fiber length of Paula, despite the improved 
yields, eliminates this variety from the recommended list. 
Availability of seed is also questionable. Productivity of 
Stoneville 2B has declined and it too has been dropped. 

Recommendations are based on performances dur
ing a minimum test period of three years. Only recom
mended varieties are eligible for certification. Spinning 
performance as well as field performance provide an ad
ditional basis for recommendation. The number of varie
ties to be recommended will be minimized so as to pro
vide growers with maximum varietal purity and mills 
and buyers with a maximum volume of a consistent lint 
quality. These facts are important to maintain the demand 
for Missouri cotton. 

During the past two seasons three new varieties
Stoneville 7, Coker 124, and Stoneville 3202 have pro
duced good yields. These, however, are not recommended 
for 1957. Additional testing is necessary. 

Stoneville 7, even though productive, is quite late in 
maturity. Reduced yields and quality could result if the 
season is cut short by an early killing frost. Coker 124 is 
similar to Deltapine 15 in maturity and productivity. 
Its tolerance to fusarium wilt is m·ild. Spinning perform
ances of Stoneville 3202 and Stoneville 7 are extremely 
questionable. Fibers are weak and wasty. 

A new strain of Fox-Fox 0253-was grown during 
1956. A true comparison of its place in Missouri cannot 
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be given since the original Fox was not grown. Fox 0253, 
however, is more similar to Deltapine 15 in maturity and 
does not appear to have maintained the earliness advant
tage of the original Fox. The new strain may possess im
proved fiber properties. Its release, however, is question
able until further comparisons can be obtained. 

Pope, outstanding in yielding ability during 1956 is 
extremely weak stalked and would not be suitable for 
machine harvest. Auburn 56, tested for the first time in 
1956, was only average but is known to possess excellent 
resistance to fusarium wilt. Additional information will 
be obtained in 1957. 

Hatch 160 Sub. B - Breeding Better 
Cottons For Southeast Missouri 

Preliminary phases, leading to eventual develop
ment of a complete cotton breeding program designed to 
meet the specific needs of the Missouri Cotton producers 
were begun during 1956. 

Problems and objectives are established. These are: 
A. The development of cotton varieties with maxi

mum-yield potentials and specifically adapted to the Delta 
of Southeast Missouri . These must be (1) early in ma
turity, (2) resistant to diseases, (3) vigorous, (4) suitable 
for production under high soil fertility and irrigation and 
(5) adapted to mechanized handling. 

B. The development of adapted cotton varieties that 
possess fiber, spinning and other quality characteristics 
superior to present commercial varieties. Fiber must be 
(1) stronger, (2) 11/ 16 inch staple, (3) mature, (4) of an 
acceptable fineness, (5) easily cleaned, (6) of special and 
wide use and (7) desired by mills and industry. 

Over 500 different strains of cotton, collected from 
many sources were grown during the 1956 season in 
search of those possessing the needed characteristics. Sev
eral of these were selected to form the basis of future 
breeding work. An initial hybridization program is un
derway in greenhouses at Columbia. Several superior se
lections were sent to Mexico, in cooperation with the Na
tional Cotton Council and the U.S.D.A., for seed increase 
this winter. These will be returned in time for normal 
planting. 

More than 1500 plant selections were retained and 
are being processed in laboratories for the various gin
ning and fiber properties. The best of these will be grown 
again in 1957. 

Studies related to flowering, fruiting, fiber tech
nology, and natural crossing, all significant to cotton 
breeding, were begun during 1956. 

This program, being the first of its kind developed 
at Missouri, is in the stage of infancy. Its size and mag
nitude will double and triple within the next few years. 
Its sole purpose is to provide Missouri Cotton producers 
with the best variety possible. 

Defoliation Studies In Cotton In 
Southeast Missouri 

Chemical defoliation of cotton greatly reduces the 
amount of foreign material and staining of Cotton which 
is mechanically picked. All of the present defoliation 
chemicals are quite variable in their performances and it 
is important that they be tested to determine their rela
tive effectiveness. 

Three varieties of cotton were planted May 6 on a 
heavy clay soil. These varieties were D & PL Fox, Del
tapine 15 , and De1fos 9169. The defoliants were applied 
when approximately 50 percent of the bolls were open on 
the following dates: 
D & PL Fox-ATA applied September 18. Liquid defoli

ants applied September 18. Dusts applied September 
19. 

Deltapine 15 -AT A applied September 24. Liquid defoli
ants applied September 25. Dusts applied September 
25. 

Delfos 9169-A T A applied October 1. Liquid defoliants 
applied October 2. Dusts applied October 3. 

The materials and rates were as follows: 
Calcium cyanamid at 30 pou.nds per acre 
Calcium cyanamid at 15 pounds pI us AT A at .75 
pounds per acre 
Magron at 2.50 quarts per acre 
Magron at 1.25 quarts plus AT A at .75 pound per 
acre 
Penco at 8.50 pounds per acre 
Penco at 4.25 pounds plus AT A at .75 pound per 
acre 
Shed-a-Leaf at 20 pounds per acre 
Shed-a-Leaf at 10 pounds plus AT A at .75 pound per 
acre 
V.C 1-186 at 2 pounds per acre 
V.C 1-186 at 1 pound plus AT A at .75 pound per 
acre 
V.C 1-443 at 2 pounds per acre 
V.C 1-443 at 1 pound plus ATA at .75 pound per 
acre 
All the liquids were applied with a high clearance 

spray rig using five nozzles per row at a volume of 23 
gallons per acre. Dusts were applied with a tractor
mounted two-row dusting machine. The leaf counts for 
determining the percent defoliation, percent frozen leaves 
and amount of new growth were taken 10 days after the 
treatments were applied. 

Differences between materials were not great, but 
Shed-a-Leaf appeared slightly superior to the other ma
terials in these tests in 1956. Amino triazole (ATA) re
duced the number of new growing points and the volume 
of new growth after treatment. The rank of the varieties 
in order 0f decreasing response to defoliating chemicals 
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was : (1) Deltapine 15, (2) Delfos 9169, and (3) D & PL 
Fox. Since treatments of different varieties were made at 
different times, varietal response and environmental ef
fects can not be separated. (Project 160) 

Breeding And Evaluating New Strains 
Of Soft Wheat 

J. M. Poehlman, Norman Brown, Carl Hayward, 
Charles Hayward, Dale Sechler 

OBJECTIVE: 
Breeding and evaluating new strains of soft wheat 

with resistance to leaf rust, loose smut, and the Hessian fly. 

REPORT OF PROGRESS: (1956 crop season) 

Test 
Location No. 

Columbia 1 

Columbia 2 
Columbia 3 
Columbia 4 
Columbia 5 
Columbia 6 
Columbia 7 
Columbia 10 

Bethany 10 

Pierce City 10 

Sikeston 10 

Bragg City 10 

Among the standard varieties, best yields were pro
duced by the varieties, Genessee, Dual, Clarkan, Vermil
lion, and Knox soft wheats and Concho and Pawnee hard 
wheats. Outstanding among the experimental strains were: 

W6540 (SeI. Wx80) - 69.0 bu. 
W6561 (SeI. Wx79) - 65.0 bu. 
W6625 (SeI. WX78) - 62.3 bu. 
B. New Breeding materials-In the new strain obser

vation nursery, selections from 27 crosses were grown as 
follows : 

Increase rows - 1800 plots 
Head rows - 4775 plots 
Hessian fly nursery - 446 plots 
Drill plots - 94 plots 
C. Bulk hybrids and new crosses-Forty-two bulk hy

brids were advanced on generation, and 28 new crosses 
made in 1956. 

D . Uniform nurseries-Four cooperative U.S.D.A. 
Uniform nurseries were grown in 1956 as follows : 

U.S.D.A. Eastern soft wheat nursery 
U.S.D.A. Winter wheat rust nursery 

No. 

Approximately 100 acres of certified Vermillion wheat 
was harvested in 1956 and distributed to certified seed 
growers. In the past two years there has been a considera
ble increase in acreage of Knox wheat in Missouri. As 
seed of Vermillion becomes available, it appears that 
Knox and Vermillion will be the two leading varieties of 
soft wheat in Missouri . Both are early, short, leaf-rust 
resistant and high in yield. Vermillion appears to be 
more resistant to loose smut and more winter hardy than 
Knox. 

RESULTS OF PROGRESS IN BREEDING: 

A. Yield Tests-Thirteen yield tests were grown at 
Columbia and one each at Bethany, Marshall, Pierce City, 
Sikeston, and Bragg City as outlined below: 

Entries Varietal Materials 

24 

25 
30 
30 
31 
16 
22 
30 

30 

30 

30 

30 

Standard varieties and advanced 
experimental strains 

Early soft and hard strains 
Wx78, Wx80, Wx79, Wx81 selection 
Wx90, Wx92, Wx93, Wx101 selection 
Selections from Norin crosses 
Selections from Scandia crosses 
Uniform Eastern soft wheat nursery 
Standard varieties and advanced 

experimental strains 
Standard varieties and advanced 

experimental strains 
Standard varieties and advanced 

experimental strains 
Standard varieties and advanced 

experimental strains 
Standard varieties and advanced 

experimental strains 

U.S.D.A. Spring wheat rust nursery 
U.S.D .A. Hessian fly nursery 
E. Disease nurseries-Artificial inoculation with leaf 

rust were made by Dr. Whitehead to establish a leaf rust 
epiphytotic throughout the nursery. Seasonal conditions 
were unfavorable for the development of rust, and a very 
light infection was obtained. Heavy mildew was observed 
as a result of natural infection. Resistance to mildew was 
observed in a few strains. 

F. Hessian fly nursery-A Hessian fly nursery was 
grown at Columbia, under the supervision of Mr. Elmer 
T. Jones, Entomology Research Branch, Manhattan, 
Kansas. All strain~ with fly resistant parentage was in
cluded in this test, along with entries from the Kansas 
and Nebraska stations. Many of the Missouri strains were 
also tested by Mr. Jones in the greenhouse at Manhattan. 

G. Wheat quality studies-Wheat quality studies of 
leading varieties and strains were continued. Eight sam
ples grown at Columbia were milled by the Scott County 
Milling Company and the flour samples will be evaluated 
by the Department of Home Economics. Forty-five sam-
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pIes from the 1956 crop were sent to the Federal labora
tory at Wooster, Ohio for quality evaluations. (Project 
202) 

Breeding New Oat Strains For Missouri 

J. M. Poehlman, Carl Hayward, 
Charles Hayward, Dale Sechler 

OBJECTIVE: 
The objective of this project is to breed an improved 

early variety of oats, with stiff straw, good seed quality, 
and resistance to the prevailing races of crown rust, stem 
rust, and smut. 

PROGRESS: (1956 crop season) 

A. Mo. 0-205 - Missouri 0-205 continues to lead 
other commercial varieties in yield and test weight. Burn
ett, a new variety not yet available commercially, has also 
produced excellent yields in the Missouri tests and will 
probably be recommended in northern Missouri when 
seed becomes available. Present breeding work is being 
directed toward the improvement of Mo. 0-205 with re
spect to stiffer straw, greater rust resistance, and improved 
seed quality. 

B. Yield Tests-Thirty varieties and advanced experi
mental strains were tested in yield plots at Columbia, 
Bethany, Marshall, Pierce City, and Sikeston. Due to the 
unusually dry weather in northwest Missouri the test at 
Bethany was abandoned. Exceptionally good yields were 
harvested from the other tests. Rust did not develop in 
any area of the state. Thirty-two new selections from 
crosses with 0·205 were tested at Columbia. In addition, 
the uniform red oat nursery and the uniform North Cen
tral State Nursery, with a total of 67 entries, were grown 
at Columbia. Top yields at Columbia were produced by 
three experimental strains being tested for the first time. 
These strains are 046680 (96.1 bu.) and 04670 (90.7 bu.) 
from the cross, Early Clinton x 0-205, and 04661 (91.4 
bu.) from the cross, Fulton-Clinton x Columbia. Test 
weight was excellent at Columbia with most strains aver
aging 34 to 36 pounds per bushel. 

C. Experimental Strains-A total of 1015 increase rows 
and 2399 head rows were grown. All are new experi
mental strains selected from the breeding nursery. Many 
of these strains comoine resistance to all races of stem 
rust. 

D. Improving the Lodging Resistance of Mo. 0-205-A 
few selections from crosses made to improve the lodging 
resistance of Mo. 0-205 were grown in yields in 1956. 
Others were grown in increase rows and will be advanced 
to yield tests in 1957. These represent selections of crosses 
between Mo. 0-205 and such stiff-strawed varieties as 
Early Clinton, Craig Afterlea, Clinton-Overland, and 
others. Backcrosses of stiff-strawed selections are being 
made to Mo. 0·205 . (Project 203) 

Water In Field Crop Production 

Norman Brown, Phil Smith 

OBJECTIVES: 

A. To learn the effect of irrigation on yield and quality 
of corn grown under different levels of fertilization. 

B. To learn the effect of irrigation on yield and quality 
of soybeans. 

C. To learn the effect of irrigation on yield and quality 
of pastures for beef cattle. 

D. To learn the effect of irrigation on yield and quality 
of forage crops. 

REPORT OF PROGRESS: 

Soil moisture storage was low at the McCredie Sta
tion due to the dry weather during the winter and spring. 
However, ample rainfall during July resulted in above 
average corn and soybean yields. Forage yields were re
stricted by dry weather during June and again in the fall. 
Temperatures were near average through the growing 
season. Precipitation figures for the growing season are 
given in Table 1. 

TABLE I. MONTHLY RAINFALL FROM APRIL THROUGH 
SEPTEMBER DURING 1956 - McCREDIE FARM. 

Month 1956 60 year average 

April 2.49 3.79 

May 4.36 4.77 
June 1.80 4.81 

July 9.20 3.47 
August 2.78 3.56 

September 0.65 4.25 

Total 21.28 24.65 

Objective A - Corn Experimental Results, McCredie 
Farm-Mexico Silt Loam. Planted to Kansas 1639, May 17th. 
Uniform high mineral fertility level with 160 pounds ni
trogen, seventy-five pounds N plowed down, 10 pounds 
with starter, 75 pounds side dressed June 20th. 

IRRIGA nON APPLICA nONS 

Days after 
Treatment Date Amount Planting 

6-22 4.16 " 36 
7-1 1.66 44 
7-30 2.03 74 
8-6 2.50 80 

Total lo.!5"" 

8-7 4.0* 81 
Total Dr 

7-30 2.0 74 
2.5 80 

Total IT 
*Measured deficit from soil sample 3.6" yield data and 
other measurements for the irrigated corn experiment 
are shown in Table 2. 
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Measurements 

Moisture at Harvest; % 
Stalk/acre at harvest 
Ears/plant 
Ear Weight 
Shelling Percentage 
% Stalk Lodged 
Amount of irrigation 
Yield, bu/ A 

W1P 1 

9.8 
12600 

1.02 
0.56 

82.8 
9.9 

117.5 

TABLE 2 

W1P2 

10.2 
16700 

0.95 
0.46 

80.7 
22.5 

121.3 

THE EFFECT OF IRRIGATION ON YIELD OF CORN AT 
McCREDIE - 1953-1957 

Summer Amount of 
Year Rainfall irrigation No water Irrigation 
1953 3.93 1.83 51 79 
1954. 7.98 8.43 2 75 
1955 10.50 10.48 77 155 
1956 13.78 4.5 121 142 

4YearAve.9.04 6:2 63 ill 

INCREASE 49 bushels 

SUMMARY 

Even with favorable summer rainfall, two irrigations 
totaling 4.5 inches increased corn yield by 21 bushels per 
acre. The 3.5 -4.0 deficit range in the top 48 inches of 
soil appears to be near the critical level of the corn plant 
on the Mexico Silt Loam. For non-irrigated corn, stalk 
counts higher than 12000 planes per acre tended to re
duce ear quality and increase stalk lodging giving higher 
losses by mechanical pickers. (Project 204) 

Pasture Improvement With Legumes 

Norman Brown, Carl Hayward 

OBJECTIVE: 

To determine which legumes to use with established 
stands or new seedings of adapted grasses for profitable 
pasture production under different conditions of manage
ment, soil, weather, and use. 

RESULTS : 

At Columbia, steers gained 136 pounds an acre and 
1.3 pounds per steer daily on bluegrass-Iespedeza pasture; 
193 and 1.7 pounds on timothy-bluegrass-birdsfoot tre
foil ; and 160 and 1.7 pounds on orchard-grass-Iadino. 
Birdsfoot trefoil grew more slowly during spring than 
ladino, but it withstood drouth better than either ladino 
or annual lespedeza. 

At Lathrop steers gained 164 pounds an acre and 1.1 

pounds per steer daily on orchardgrass, 136 and 1.7 
pounds on bluegrass, and 132 and 2.7 pounds on brome
grass, in each pasture of which ladino clover failed for 

Treatments 

W2 W3 W4 

10.5 10.9 10.7 
18500 17400 17700 

0.91 0.96 0.95 
0.53 0.52 0.53 

82.9 83.2 81.1 
7.7 11.8 10.9 

10.4 4.0 4.5 
145.3 140.2 142.3 

the fourth successive year because of drouth. Steers gained 
227 pounds an acre and 1.7 pounds per steer daily on 
bluegrass fertilized in March each year with 200 pounds 
of ammonium nitrate an acre and 183 and 1.7 pounds on 
bluegrass and volunteer lespedeza. A new seeding of 
bromegrass-ladino made on a prepared seedbed failed the 
third successive year because of drouth without having 
supplied any grazing. 

At Sikesron, steers gained 131 pounds an acre and 1.9 
pounds per steer daily on bromegrass-birdsfoot trefoil pas
ture, one-half of which was pastured only after 1.4 tons 
of hay an acre had been harvested from that one-half; 311 
and 2'.0 pounds on orchardgrass-Iadino; and 225 and 1.6 
pounds on orchardgrass-alfalfa which was intentionally 
undergrazed to avoid injury to the first-year alfalfa. 

At Pierce City, steers gained 107 pounds an acre and 
1.3 pounds per steer daily on tall fescue-Iadino pasture; 
108 and 1.6 pounds of orchardgrass-lespedeza; 105 and 1.7 
pounds on orchardgrass-ladino ; 169 and 1.6 pounds on 
wheat-lespedeza; 79 and 1.9 pounds on sudangrass pas
tured only as needed to supplement other pastures ; and 
91 and 1.6 pounds on tall fescue-birds foot trefoil. Low 
carrying capacity caused by drouth and forcing steers to 

graze mature grass intended for hay until drouth forced 
its use for pasture accounts for the small gains produced 
on pastures growing on this limed and fertilized but 
rocky soil. (Project 213) 

Testing Grasses and Legumes For Pastures 

J. D. Baldridge, Norman Brown 

OBJECTIVE : 

To compare new species and varieties of forage grasses 
and legumes made available by plant introduction and by 
plant breeding with species and varieties now in use to 
determine their value for pasture in different climatic re
gions and on different soils in Missouri. 

RESULTS: 

At Sikeston, sudangrass varieties cut four times pro
duced the following yields of dry herbage an acre: Lahoma 
4.26 tons ; Piper 4.00; Sweet Common 3.89; Sweet-372 
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3.77; Common 3.71; Greenleaf 3.63; Ga.-337 3.63 ; and 
Sweet 372-5-1 3.61. Lahoma was most resistant to leaf 
diseases and Common was most susceptible. At Pierce 
City, the same varieties cut only twice because of drouth 
injury yielded .94, 1.33, 1.17, 1.20, 1.33, 1.05, .99, and 1.04 
tons dry herbage per acre respectively. 

Yields of orchardgrass, bromegrass, and red clover 
varieties were not determined because of drouth injury to 
new seedings and to old stands. (Project 220) 

Breeding Birdsfoot Trefoil and Annual Lespedeza 

J. D. Baldridge 

OBJECTIVES : 

A. To develop varieties of trefoil superior to present va
rieties in seed producing habits, persistence of stand, 
seedling vigor, and other agronomic qualities. 

B. To develop more aggressive and productive varieties of 
annual lespedeza and to evaluate strains of perennial 
lespedeza. 

The results of the year may be found in greater de
tail in the annual report of this project on file in the De
partment of Field Crops. 

RESULTS : 

A. Detailed conclusions about the performance of 
trefoil and its possibilities in Missouri: After several years 
of studying the behavior of trefoil, tentative conclusions 
can be made for Missouri conditions: 

Trefoil appears to be more and more difficult to grow 
as it is moved southward through Iowa and Missouri. 
Varieties with improved southerly adaption are needed. 
The extent to which climate and day length, soil, diseases, 
and other factors are involved in this matter is not known. 

Broadleaved Empire, broadleaved European, and nar
rowleaved trefoil differ in persistence and yield, depend
ing upon environmental conditions, particularly weather 
and system of utilization. Evaluation is a slow and com
plex process. Differences between these broad kinds of 
trefoil far overshadow differences between the strains 
available within each. Viking, Granger, and Cascade have 
been included in two solid plantings, three drill-row 
plantings, and three spaced-hill plantings; Viking has 
been slightly superior in persistence in one solid planting 
and one drill-row planting. 

A large number of selections have been made from 
Empire and European and are undergoing the long pro
cess of evaluation and recombination for persistence and 
forage and seed yield. Root rots appear to be causing 
serious losses of stands in trefoil and must be given in
creased emphasis in the development of improved lines. 

Since Empire and European are distinctly different 
agronomic types, separate breeding programs have been 
maintained; however, there is need to determine the 

advantages, if any, of making hybrid combinations of the 
two by various means, and these studies should include 
the behavior of successive generations of the hybrid 
populations as under volunteering. 

Narrowleaved trefoil has been relatively unproductive 
and usually short lived. It summerkills easily, and in two 
instances, winterkilled completely . It is a prolific seed 
producer and under management which favors survival of 
volunteers, stands may persist even though plants are 
short lived. It has further advantages of being tolerant of 
close defoliation, and of heaving. In general however, it 
has been less productive and less dependable than broad
leaved trefoil. 

Empire is longer lived than European under continu
ous defoliation, but stands appear to thin rapidly after 
three or four years unless volunteering occurs as the re
sult of abundant reseeding and frequent seasons of near 
normal rainfall. 

European is almost as short lived as alfalfa under 
close continuous defoliation. Three clipping tests since 
1947 and much farm experience support this statement. 
This erect type of trefoil is not suited for permanent 
pastures grazed in the usual manner, although it might 
be satisfactory under controlled grazing. It is well suited 
for meadows, however, being productive and long lived. 

B. Progress report on lespedeza and other miscellane
ous legumes. Progress and preliminary conclusions: 
Variety tests have shown that early maturing Iowa 6, 
medium maturing Rowan, and late maturing Climax rep
resent the best of the n.ew varieties of L. stipulacea, each 
being superior to standard Korean in certain respects. 
Climax has been introduced in the southeastern part of 
Missouri, where a small acreage is being grown for certifi
cation. Breeders seed of Climax and F. C. 31057-5 and a 
collection of germ plasm or strains of L. striata and L. 
stipulacea have been maintained. Bacterial wilt has been 
the most serious disease of Korean in recent years, and 
tar spot seems to be increasing in importance. 

Agronomic characteristics of over 60 species and 
strains of perennial lespedeza has been observed dur
ing the period of six years. L. cuneata is the most promis
ing forage species but needed are strains with greater 
palatability, greater persistence and higher yield, more 
seedling vigor, earlier maturity, and better seed-holding. 
L. tomentosa and L. inschanica (Uru. 1386) have been 
vigorous, persistent, and dependable seeders. Crown 
vetch has been drouth hardy and adapted to dry, rocky 
soils; it will probably be useful as a cover but not as a 
forage. 

Outstanding results of the year: (a) Nine hybrid 
strains of Korean as a group produced 19 percent more 
forage than Korean; (b) the early reseeding strain of L. 
striata, F. C. 31057-5, showed superior persistence in grass 
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pastures in wet years, but not in recent drouth years in
cluding 1956; (c) thirty-five strains of annuallespedeza 
were maintained as germ plasm; (d) bacterial wilt was 
of minor importance this dry year; (e) tar spot caused 
economic losses in late summer and fall, being severe on 
most strains of L. stipulacea, but not severe on strains of 
L. striataj (f) dalapon herbicide did not successfully 
solve the problem of summer annual weedy grasses in 
strain tests; (g) breeders seed of Climax and F. C. 31057-5 
was produced but only a little seed was saved because of 
contamination with Korean and weedy grasses; (h) 
Korean broadcast June 24 was more than a week late in 
maturity, but yielded over l.5 tons of hay and 800 pounds 
per acre of seed; (i) over 50 strains of L. cuneata failed 
in seed production, due to late maturity, and drouth-not 
one produced amounts worth harvesting. Six earlier ma
turing perennial species produced considerable seed, much 
of which was chasmogamous; (j) sericea withstood frequ
ent clipping better than L. inschanica or L. tomentosaj (k) 
a new variety test of sericea was planted on June 6, and 
the varieties established in order of decreasing success; 
Arlington, Tupelo, Commercial, and low tannin; and (1) 
one strain of Astragalus cicer and 18 strains of Coronilla 
varia were offered to cattle three times under grazing and 
proved unpalatable. (Project 221) 

OBJECTIVES: 

Testing Alfalfa Strains 

M. S. Offutt, E. L. Pinnell 
Norman Brown, J. D. Baldridge 

Marvin Swearingen 

The improvement of alfalfa in yield, quality, and re
sistance to diseases through the selective testing of varieties 
and strains. 

REPORT OF PROGRESS: 

Aphid damage was widespread and severe in Mis
souri in 1956. Much of this was due to infestations of 
pea aphids in the spring, but the spotted aphid was pre
sent in southern Missouri in the spring and over most of 
the state during the late summer and fall, and doubtless 
caused damage to many stands. Unfortunately, the new 
variety Lehontan which has resistence to the spotted 
aphid is included only in the recent seeding at Sikeston. 
This variety should be included in all new tests hereafter 
to afford a measure of damage caused by the spotted 
aphid and to evaluate Lahontan as possible replacement 
for standard varieties. 

Hardy alfalfa variety tests were harvested at five lo
cations, in Missouri. The data appear as follows: 

The tests at Lathrop, Columbia, Weldon Springs, and 
Pierce City were harvested for the first full season. It is 
too early to draw conclusions from these tests, though it 

appears that no variety was outstanding consistently. At 
Columbia, Nomad appeared to have moderate resistance 
to pea aphid. Du Puits and Socheville stood out in ap
pearance because of their tall, coarse habit of growth. 

The six-year-old test at Sikeston has shown little 
difference in yield and persistence between Oklahoma 
common, Kansas common, Buffalo, Ranger, Atlantic, 
and Williamsburg. Narragansett, Talent, Utah common 
and Argentine have been inferior in yield or persistence 
or both. Nemastand, A-224, and Creeping have main
tained their stands well but have been inferior in yield, 
the Creeping decidely so. California common and New 
Mexico common were non-hardy, non-persistent, and low 
in yield. The unnamed experimental lines were about 
equal to the best named varieties, although 97-1969 stood 
out since early in this test and appears to be superior to 
any named variety. Very little bacterial wilt has been 
found in the test at Sikeston on sandy loam, but wilt is 
a serious problem on heavy soils not far from this loca
tion. A variety test will be located on gumbo soil in 1957. 

On heavy, wet Delta soils where alfalfa is subject to 
wilt, Vernal, Buffalo, or Ranger should be used. Vernal 
is best in wilt resistance and perhaps may tolerate poor 
drainage better than the other two. Buffalo has the 
shorter period of dormancy and may produce one more 
cutting per year than Vernal. 

Varieties may be classified tentatively in three grQups 
with respect to winter hardiness in Missouri: hardy
Vernal, Ranger, Grimm, Atlantic, Narragansett, Wil
liamsburg, Lahontan, Nomad, Rhizoma, Kadak, Buf
falo, Sevelra, and Commons grown in the Plains states 
from Oklahoma north; intermediate-Argentine, Chilean, 
Italian, and probably Talent, Du Puits, Socheville, and 
Caliverde; non-hardy-Indian, African, Peruvian, and Com
mons from low al titudes in California, Arizona, and New 
Mexico. While non-hardy varieties are slightly superior to 
others in initial seedling vigor, this is not sufficient to 
warrant their use. They are easily injured by early fall 
freezes or late spring freezes since they enter dormancy 
late and break dormancy early, and they are susceptible 
to low temperatures during dormancy. 

Utah common and Grimm were not satisfactory in 
yield and persistence in one previous experiment at 
Lathrop, while Buffalo and Ranger were outstanding 
after the third year. 

There seems to be little justification at present for 
recommending any variety (with the possible exception 
of Vernal) over Kansas common if stands are to be kept 
only two or three years. Vernal, Buffalo, or Ranger 
should be used for long duration stands or on sites sub
ject to wilt infestation. Lahontan has resistance to wilt 
and the spotted aphid and may soon be added to the rec
ommended list. 
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It would be advisable to harvest variety tests as long 
as the better varieties maintain productive stands. The 
general practice in the States has been to abandon tests 
after three or five years; hence we do not have accurate 
data on the superiority of persistent varieties in long term 
stands. 

The two-year-old low crown and creeping alfalfa ob
servation nursery was grazed three times during the sum
mer. Detailed notes were not taken this year but will be 
in 1957. It was noted that a small proportion of the 
plants were creeping in the Canadian lines and Turkish 
lines. One Canadian line, F. C. 32144, exhibited 40 per
cent strongly creeping. 

A new observation nursery of alfalfa strains was es
tablished at Columbia, in April, 1956. These included 
creeping lines, aphid-resistant lines, leafhopper-resistant 
lines, and others. Complete notes will be reported in 
1957. Insect infestations were light in this nursery and 
strain differences could not be observed. (Project 241) 

OBJECTIVES: 

Cytogenetics of Wheat 

E. R. Sears 

A. To get additional information concerning the funda
mental genetics of wheat. 

B. To locate genes on the chromosomes of wheat. 
C. To transfer desirable genes to wheat from other genera. 

REPORT OF PROGRESS: 

A. Fundamental genetics 
1. Chromosome relationships. A nullisomic-tetrasomic 

combination was obtained involving chromosomes from 
the same homoeologous group. Like the 39 previously 
synthesized, this one showed a compensating effect. Seven 
between-groups combinations, like all those previously 
tested, were non-compensating. 

2. Gene evolution. The virescent gene v on chromo
some III proved to be of reduced effectiveness in the 
presence of extra doses of chromosome XVI. X-ray in- . 
duced deficiencies of v have been obtained for use in fur
ther studies of the relationships of v and V with genes 
on the related chromosomes XII and XVI. 
B. Locating genes 

1. Gene for stem-rust resistance. A partially dominant 
gene for resistance to race 15B was found on chromosome 
VIII of the Japanese variety Sapporo No. 1. 

2. Genes for leafrust resistance. The resistance of lines 
40 and 44, in each case due to a translocated segment of 
Aegilops Umbellulata chromosome, was found to be located 
on chromosomes X and XX, respectively. 

C. Transfer of genes from other genera. 
L Wheat plants were obtained to each of which 

had been added one or a few chromosomes of Imperial 

rye. One of these chromosomes carries a gene for stem
rust resistance. (Project 261) 

Improvement of the Missouri Soybean Crop 

Carl Hayward, A mold Matson 

OBJECTIVES : 

A. To secure data for release to growers through the Ex
tension Service on the performance of new strains and 
varieties of soybeans in various parts of the state. 

B. To develop soybean varieties with good economic charac
teristics and resistant to disease for various parts of 
Missouri. 

C. To secure information on the effects of certain produc
tion practices (date of planting, rate of planting, ir
rigation) on the performance of various soybean varie
ties. 

D. To secure information regarding certain basic problems 
in soybean breeding such as methods of breeding and 
selection, inheritance of various characters and linkage 
relations. 

RESULTS: 

A. Variety tests. Variety test plots were planted at 
fifteen locations in Missouri. Two of these were aban
doned due to drouth and disease. 

Sixteen Uniform Regional strain tes~s were grown in
cluding the entire maturity range grown in Missouri. Re
sults of these tests are included in RSLM 188 "Results of 
Cooperative Uniform Soybean Tests, 1956". 

B. Breeding better soybeans. Major testing fields for 
new strains were planted at Kirksville, Laddonia, Colum
bia, Jefferson City (Lincoln University), Sikeston, Malden, 
Vinson, and Bragg City. The Bragg City plantings failed 
due to drouth and disease and half of the Jefferson City 
plot was drowned by heavy rains in June. 

In addition to Regional Cooperative tests, approxi
mately 800 experimental strains were grown in yield tests 
in northern Missouri and 800 in southeastern Missouri. 
Of these about 350 were common to the two regions, 
making about 1350 strains under test. The majority of 
these have been under test for two years or more but 
drouth has prevented evaluation and slowed down the 
rate of elimination. Tests in 1956 were good in general 
except for late material at Columbia which suffered seri
ously from late drouth and the number of these lines to 
be tested in 1957 can probably be cut in half. 

C. Culural Studies. Date of planting studies were 
continued at Columbia and Sikeston. 

At Columbia, eight strains were planted in four rep
lications at 15 day intervals from mid-April to mid-July. 
In addition, Dorman and Ogden were added at the first 
three dates. Moisture was adequate until mid-July but 
from then on there was a deficit. As a result, the April 
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14 planting which was most developed when dry weather 
came, averaged the highest in yields. Data were taken on 
date of bloom, date of maturity, yield, height, seed quali
ty, seed size, and percentage protein and oil. Due to dry 
weather there was practically no lodging. 

D. Experimental Breeding and Genetics. Breeding 
Methods-The cooperative experiment "Wide Crosses 
Study" begun in 1951 was continued. Answers to two 
main questions were sought. 

1. Are varieties which perform well in the midwest 
and varieties which perform well in the south, good pri
marily because of particular adaption to their respective 

* * * 

environments or are they good because of an inherently 
efficient metabolism which would be expressed as well if 
the environments were switched providing the limitations 
of maturity were removed? 

2. Can we achieve a higher level of our breeding by 
crossing a good midwest variety with a good late south
ern variety than by early x early or late x late. 

Since detailed data from these tests will be filed and 
available in the Federal Annual Report, only brief men
tion of the more important material has been made above. 
(Project 4-9) 

* * 

Forestry 
R. H. Westveld, Director 

Christmas Tree Culture 

R. H. WestveLd, R. B. Polic, J. M. NichoLs 

OBJECTIVES : . 

A. Nature, extent, and control of Deer damage to pLan
tations. 

B. Influence of seedling size and form on pLantation suc
cess. 

e. ControL of the pine tip moth. 
D. Relative benefit of various site preparations on pLan-

tation estabLishment and growth. 
E. Pruning methods in Christmas tree culture. 
F. Fertilization as a factor in tree growth and color. 
G. ReLative influences of various mulches and planting 

methods on tree development. 
H. Genetical influences on Christmas tree yields. 
1. Mechanical cuLtivation and mowing between rows as a 

means of obtaining better survival and vigor in plan
tations. 

REPORT OF PROGRESS: 

Work on objectives A,B,C,D,E,F, and G (above) 
involved mostly a continuation of treatments and meas
urements as outlined in previous work plans and progress 
reports. Some additional comment is needed for objec
tives A, C, E, and F, however. 

Objective A. Astounding increases in the size of the 
Missouri deer herd have been reported since 1950, at 
which time the population has grown from a 1939 esti
mate of 5000 to approximately 28,000 animals. By 1953 
the total deer in Missouri had reached the vicinity of 
100,000. This rapid growth has continued and recent 

(1956) estimates give a rotal Missouri deer herd figure at 
about 300,000 animals. (These are Missouri Conservation 
Commission estimates.) 

Although deer are now reported in all Missouri 
counties, the degree of stocking varies from light to very 
heavy. One area that has rapidly become heavily and 
overly populated is the Weldon Spring Experimental 
Farm, where much of the work in Christmas tree culture 
is in progress. This area has been closed to hunting and, 
therefore, is functioning as a refuge. Groups of 17 and 
21 deer were counted in December 1956, and deer-man
agement specialists report that aggregations in such num
bers are indicative of excessive populations. 

Deer damage to evergreen plantations at Weldon 
Spring have reached such proportions in the winter of 
1956-57 as to make any production-scale plantings inad
visable until a satisfactory control of the area herd can be 
effected through a policy of regulated hunting. This dam
age has been both by antlers and by browsing. Much 
breakage and debarking has resulted from the antlering 
of trees three feet high and taller. In younger plantations, 
several thousand seedlings have been destroyed in Janu
ary, 1957. 

To date the only satisfactory protection of experi
mental plots from deer has come through fencing, with 
both six-foot and eight-foot heights proving satisfactory. 
Deer repellents have been tried but none has been found 
to be entirely reliable. Good-rite z.i.p. a repellent devel
oped by the B. F. Goodrich Chemical Company and with 
a zinc dithiocarbamate-amine complex and polyethylene 
polysulfite as active ingredients, has given some promise 
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of seedling protection from browsing, but has seemed to 
lack an adequate residual quality. Larvacide Products, Inc., 
has obtained z.i.p. manufacturing rights and claim a new 
and greatly improved formulation of the product. Plans 
are to test this new product when it becomes available 
from the laboratory. Trial amounts had been promised 
with a December 1956, delivery date, but those were not 
received. 

In view of the present situation relative to the deer 
problem, it will be necessary to restrict experimental 
plantings, and especially the selectively produced stock 
from genetical studies that will presently be forthcoming 
from nursery beds, to fenced areas. This will call for ad
ditional fence construction during the coming two years. 

Objective C: During the year there has been a con
tinued effort to learn more about ecological factors that 
seem to affect the occurrence and abundance of the pine 
tip moth (Rhyacionia frustrana Comst.) a serious insect 
pest that restricts height growth and causes deformity in 
the two and three needle or hard pines. It will be recalled 
that previous studies in chemical control demonstrated 
that a complete kill of a tip moth population can be 
achieved in a plantation by a careful and well-timed ap
plication of one percent DDT emulsion. Because of the 
insects very high biotic potential, however, due in part 
to its three generations per year at this latitude, chemical 
control does not seem to offer the most practicable ap
proach, especially where a source of continuous reinfesta
tion resides in the surrounding area. Thus, biological con
trol seems to offer the most feasible approach. This in
volves a consideration of the species complex of trees on 
and adjacent to the planted area in terms of favorable and 
unfavorable influences relative to the tip moth problem. 

Infestation records on various areas over a period of 
years give support to the following opinions: (1) Species 
of the two and three needle pines vary greatly in their 
susceptibilities to the tip moth, shortleaf pine (Pinus 
echinata Mill.) and Virginia pine (Pinus virginiana Mill.) 
being the most susceptible of those pines commonly 
planted in Missouri. (2) When less suceptible Scotch 
pine (Pinus sylvestris 1.) and jack pine (Pinus banksiana 
Lamb.) are planted with or near shortleaf and/ or Virginia 
pines, the result is a much higher and often serious infes
tation of the Scotch and jack pines. (3) Adjacency of na
tive tree cover often results in a marked reduction of the 
tip moth population due to the activities of various para
sitic insects associated with the native tree complex. 

There is doubtless a multiplicity of factors involved 
in this latter consideration. In determining the nature and 
relative effectiveness of various possible influences, con
siderations should be given to such factors as the nearness 
of native timber cover and tree species contained therein, 
total width of the old field or other denuded area on 

which the planting site is located, nature of the opposite 
border relative to vegetative cover, and prevailing wind 
direction. Relative to distance of the planted pine from 
native hardwood cover, it now appears that natural para
sitism is a strong factor over only a belt of about 50 yards 
in width out into open treeless areas. 

The importance of the above considerations cannot 
be minimized in reforestation work with species of the 
hard pine group. Whereas associations of less susceptible 
pines with those of high susceptibility may aggravate the 
tip moth problem on the one hand, certain species mix
tures may well serve to eliminate the problem on the 
other. Just what species associations may serve to bring 
about a high degree of biological control are not present
ly known. Expanded studies of this question could yield 
highly valuable results. Personnel shortages presently pro· 
hibit an expansion of the work. 

During the summer of 1956, tip moth infested twigs 
were collected from various pine stands for the purpose 
of studying the level of parasitism that was taking place 
and the kinds of parasites that emerged. These collections 
were kept separate by areas and included stands with in
festations ranging from almost nil to extremely high. 
This material as in previous years, was turned over to 
W. D . Buchanan, forest entomologist stationed on the 
U!1iversity of Missouri campus with the Columbia Re
search Center, Central States Forest Experiment Station, 
U. S. Forest Service. Mr. Buchanan is keeping these rec
ords of parasitism. 

Objective E: Pruning schedules were continued in 
both scotch pine and jack pine plantations at the Ashland 
Wildlife Area and the Weldon Spring Experimental Farm. 
Two pruning methods were being tested as follows: (1) 
Prune overly long branches back to a node of lateral 
branches in order that subsequent growth will be distrib
uted through those laterals, and (2) prune or shear the 
tree to the desired crown shape, with the application in 
June, in order to stimulate bud formation at the points ' of 
pruning. (Results of pruning at various seasons, previ
ously reported, have shown that bud formation at point 
of pruning can be obtained only by pruning new growth 
early in the growing season. The first method, pruning 
to a node, can be accomplished at any season but prefera
bly during the dormant season before new growth draws 
upon the trees' energy reserve in spring.) 

Results to date indicate that jack pine responds 
strongly to each of the two methods, the result being 
trees of improved symmetry and crown density. Scotch 
pine responds better to the second method than to the 
first, partly because pruning of new growth in early grow
ing season brings a marked stimulation in bud formation 
in that species but not in jack pine. In the case of jack 
pine, winter pruning to nodes, supplemented by a shear-
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ing and shaping process in late Mayor early June, would 
appear to give better results than would be obtained from 
either method alone. 

In every plantation pruned, and especially in every 
jack pine plantation so treated, there have been certain 
trees that failed adequately to respond. This is attributa
ble to undesirable inherent traits, and response in general 
can be greatly improved through the application of genet
ical principles to obtain superior strains within the vari
ous species. 

Objective F: As in former years, the latest fertilizer 
experimentation has failed to benefit the Christmas tree 
crop. There was some response to treatment, however. 
Nitrogen application to Scotch pine plots in August, 
1955, resulted in a notable improvement in tree color dur
ing the 1956 growing season , but this improved color 
failed to persist until harvest time in the fall. There was 
no apparent color response to phosphorus and potassium 
applications. 

The study on which these observations were based 
involved a Scotch pine plantation established in 1950 at 
the Weldon Spring Experimental Farm. Plots contained 
49 trees each and were square, arranged in seven rows 
of seven trees. Rates of application on a per-acre basis 
were as follows: N , 100 lbs. ; P, 300 lbs.; and K, 200 lbs. 
Applications were in all possible combinations ; N, NP, 
NK, KPK, P, PK, K, and check (no treatment) and each 
of these was replicated three times. Thus, there were 
three blocks of eight plots each, or a total of 24 plots. 
(Project 9) 

OBJECTIVES: 

Investigations On Oak Wilt 

R. H. Westveld, T. W. Bretz 

A . Host-parasite relations. 
B. Local spread of the disease and its control. 
e. Long distance spread of the disease. 

REPORT OF PROGRESS: 

A. Host-parasite relations. Oak wilt fungus spore mats 
were exceedingl y rare, if they occurred at all, on wilt 
killed trees during the spring and summer of 1956 and 
they developed sparingly on only a few trees in [he fall 
of 1956. 

Under controlled, nursery conditions, it was estab
lished that the pistillate flowers of oak may serve as in
fection courts, when wounded and inoculated with spore 
suspensions of the oak wilt fungus. 

Attempts to recover the oak wilt fungus from acorns 
that developed and matured on an artificially inoculated 
and wilting tree were negative, despite the fact that the 
fungus was determined to be present, by isolation, in the 
twigs on which the acorns were situated. 

Ninety-two percent of the trees considered' typical for 
oak wilt in the field , on the basis of symptom develop
ment, were confirmed by laboratory isolation and the 
causal fungus . Compatibility of all isolates was deter
mined. Fifty percent were type "A" and 50 percent were 
type "B". 

Preliminary investigations on the vegetative propaga
tion of oaks by cuttings indicate that there are marked 
differences among individuals of a given species as re
gards their inherent potentiality for rooting. 

B. Local spread and control of the disease. Attempts to 
control the local spread of oak wilt on an experimental 
basis, using sanitation (removal and destruction of in
fected trees) alone, isolation (poisoning all oaks in a 50 
foot band around infected trees) and sanitation coupled 
with isolation, have not been successful, as used under 
Missouri condi tions. 

C. Long distance spread. It is thought that long dis
tance, above ground spread of the oak wilt fungus may 
be accomplished by insect vectors. The oak bark beetle 
(Pseudopityophthorus minutissimus) is suspect because it is 
known to attack and breed in actively wilting trees and 
to feed on healthy trees. It was established that the oak 
wilt fungus could overwinter in dead, small diameter 
wood from diseased trees and be carried out in a viable 
condition by emerging bark beetles. 

Successful transmission of the disease was obtained 
with artificially contaminated oak timber worms , ( Ar
rhenodes minuta) caged on fresh wounds made on heaithy 
trees. (Project 52) 

Improvement of Hardwood Stands 

R. H. Westveld, J. M. Nichols, 
L. K. Paulsell, Ralph Musbach 

OBJECTIVES: 

A. Fire studies. 
B. Pruning of Oak. 
C. Decay and Defect. 
D. Conversion of low-value hardwood stands to conifers. 

REPORT OF PROGRESS: 

A. The two sets of fire plots received the burning 
treatments as specified. All tagged trees (1.6" d.b.h. and 
larger) were examined and condition and d.b.h. recorded. 
All mil-acre reproduction plots were examined and re
cords completed. New stems were tagged and mapped. 
Stems killed by fire were recorded. Comer stakes and tags 
were maintained. Records were organized and copies 
made of many. Analysis was continued in the preparation 
of a manuscript which should be completed shortly. 

B. All pruning work at University Forest was re
examined. This consisted of four plots of pruning trees 
of various species and two phases on the pruning of 

-81-



scarlet oak. One phase ison a ridge site; the other, a 
slope site. Plot corners, lines and tree tags were main
tained. D.b.h. and condition were noted on all trees. A 
new d.b.h. was recorded for all trees. The number of 
water sprouts on each pruned tree was recorded and an 
investigation of the water sprouting problem was started. 
All preceding data were reorganized to facilitate analysis 
as time permits. 

C. Logs previously cut and hauled to the sawmill 
were processed. Data pertaining to visible signs of defects 
on the standing trees and on the logs had previously 
been recorded on individual record sheets. As the logs 
were sawed, additional data were recorded. The lumber 
from each log was graded in an attempt to correlate the 
lumber grade with the defect. During the sawing, step-by
step photographs were taken. This resulted in a photo
graphic record of the appearance of the defect in the log 
and the internal condition which resulted from the defect. 
This appears to be an excellent technique for describing 
and recording defects of various types. 

D. Ten additional plots were planted as prescribed 
in the Work Plan. This completes the planting phase 
which was set up for a five year period. Some release 
work was done. This was mainly concerned with the re
moval of hardwood sprouts which were competing with 
the planted conifers. Complete survival and height data 
were taken in December 1956. (Project 75) 

Working Guide to Native And Range Plants Of 
Missouri Ozarks 

C. L. Kucera, S. C. Martin 
OBJECTIVES: 

A. Working toward completion of the manual. 
B. Completion of ecological study of glade and forest 

types in Southwest Missouri Ozarks. 

REPORT OF PROGRESS: 

A. The glade manuscript is to be published in 
ECOLOGY, Vol. 38, April, 1957. 

B. Nearly all range collections of the past four years 
have been diagnosed and mounted as herbarium 
vouchers. 

The key to range plants in the first draft was com
pleted during the year. This includes approximately 100 
entries of common or otherwise important Ozarks plants. 
(project 79) 

OBJECTIVES: 

Marketing The Timber Crop 

R. H. Westveld, W. J. O'Neil, 
J. M. Nichols, Lawrence Leney 

A . Preservation of posts and farm timber. 
B. EJfect of grading on the sale value of lumber. 

REPORT OF PROGRESS: 

A. On March 10, 1956 the posts in the Columbia 
plot were tested again by having a loop of 1h inch manila 
rope placed around the post three feet from the ground 
and a pull of 40 pounds exerted to the east with a spring 
balance. If the post did not fail it was considered service
able. Only two posts failed. 

Post number 112, black oak split post treated with 
creosote for 21,4 hours in the hot bath and one hour in 
the cold bath (the butt plus one foot being treated) failed 
at a pull of 35 pounds. Post number 321, Basswood 
round post treated with zinc chloride (tire tube method) 
had rotted out and fallen to the ground since the last 
test. There are still 64 posts remaining in the plot that 
are serviceable. The posts will be tested again in March 
of 1957. 

The posts set out in the plot at Weldon Springs, Mo. 
were not tested last year because they had been set out 
only a few months. They will be tested during the 1957 
year and annually thereafter. During 1956 metal staples 
(both U and L types) were driven into the posts. This 
was done to test the durability of metal fasteners. Soil 
block tests are being run at present on these posts. 

B. A manuscript has been started for publication as 
an Agricultural Experiment Station bulletin to be com
pleted in 1957. (Project 120) 

Production And Forest Stand Improvement Cuttings 

R. H. Westveld, P. W. Fletcher, A. J. Nash, 
J. M. Nichols, L. K. Paulseli 

OBJECTIVES: 

A. Stand Improvement Cutting. 
B. Regeneration Cutting. 

REPORT OF PROGRESS: 

A. Stand Improvement Cutting. (1) Stand Improve
ment of Immature Oak (University Forest). Routine 
maintenance of the study plot was performed. This in
cluded the installation of durable metal markers, replace
ment of tree tags and the maintenance of fire lines. The 
recent several seasons of drouth have resulted in the 
death of many of the crop trees. All crop trees were ex
amined in August, 1956. The highest drouth mortality 
was on the unthinned (check) plots. The least mortality 
was found on the plots which had received the heaviest 
thinning. Summary and analysis of data was continued 
as time permitted. (2) Weldon Spring-Timber Stand 
Improvement Phase. A preliminary survey was made 
necessary to the location of suitable areas for this work. 
Areas were chosen and part of the surveying was com
pleted. The study dealing with the thinning of planted 
and natural eastern cottonwood was re-measured in ac
cordance with the plan. Data were partially summarized. 
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B. Reproduction Cuttings. (1) University Forest. All 
work necessary to the first block of plots was completed. 
Field data were copied and plot maps were made on the 
reproduction mil-acres. Summary of the data was nearly 
completed. 

A second block of plots was established on lands of 
the Shawnee National Forest under a cooperative agree
ment with the U. S. Forest Service. All initial observa
tions were taken and cutting was started. Some of the 
logs will also be used in connection with 75f-Decay and 
Defect. Winter weather slowed down the progress on this 
phase. 

An area suitable for a third replication of this study 
and a preliminary reconnaisance was made. (2) Weldon 
Spring. Work proceeded on the second replication of 
the study as prescribed in the plan. This included tree 
tagging, measurements and marking. These plots will be 
cut in the spring of 1957 prior to the growing season. 

A plan for a six-year periodic inventory of Weldon 
Spring timber was designed by Nash and Smith which 
will provide an estimate of timber volume by species and 
an estimate of current annual increment. The field survey 
was completed during four weeks in August and Sep
tember. The work consisted of collecting information on 
40 one-fifth acre plots which will define the relationship 
between volume and basal area. Then, on 203 plots of 
variable size the basal area per acre was determined using 
a new instrument called the Spiegel-Relaskop; which is 
designed to permit rapid determinations of basal area cor
rected for slope. 

Analysis of data has been completed to show species 
composition, mortality, form class by size and species, 
volume on the 40 "detail" plots and the relationship of 
basal area as determined by conventional tree measure
ments and the Spiegel-Relaskop. Analysis of data will be 
completed during the first half of 1957 and a report will 
be prepared to guide cutting during the next six-year 
period. (Project 122) 

Ecological Studies In Forestry 

R. H. Westveld, Ralph Musbach, R. E. McDermott, 
J. M. Nichols, L. K. PaulseN 

OBJECTIVES: 

A. Acorn Production. 
B. Silvics of Eastern Redcedar. 
C. Effects of Forest Grazing. 

REPORT OF PROGRESS: 

A. From limited samples, it appears that the mast 
crop in the Southeastern Missouri bottomlands was light. 
The upland mast crop was spotty in that production in 
the Northcentral Ozarks was moderately heavy while the 
Southcentral crop was light. Mast production records for 

1953-1956 are currently being analyzed to see if crown 
diameter relationships to acorn production may be estab
lished. 

Weevil infested acorns of shumard, black, white, and 
swamp white oaks placed in copper screen traps under 
forest conditions did not provide a means of obtaining 
adult beetles of Curculio spp. the first season, 1955. How
ever, examination of these traps in the fall of 1956 indi
cated that these insects can remain in the dormant state 
through two seasons. This has provided an invaluable 
clue to the life history of these insects, and it has also 
provided a reliable index to the host specificity of the 
several species. This work has been transferred to Entom
ology Project 294-1 , a new project dealing with the host 
question and species identification of the acorn weevils. 

B. Research possibilities were explored with the 
U. S. Forest Service to define the economics of marketing 
eastern redcedar in Southwestern Missouri. The Forest 
Service could not handle the work. 

e. No expansion of the work relative to determining 
the effects of grazing on a timbered area adjacent to an 
improved pasture at the Weldon Spring Experimental 
Farm was made. This was due to the transfer of key co
operating personnel and no subsequent replacement. 
When cooperating personnel is again available, this work 
will be re-examined for possible continuance and expan
Slon. 

Cattle proof exclosures that were established in the 
open range counties on the Pioneer Forest in 1955 were 
subdivided and half of each area was made hog tight. 
While optical differences were apparent in the exclosed 
areas vs the cattle grazed in the fall of 1956, records were 
not taken because of continued drouth effects obscuring 
in part the herbaceous relationships. (Project 123) 

Economics of Timber Production 

R. C. Smith, R. H. Westveld, A. J. Nash 

OBJECTIVES: 

A. Case studies of income. 
B. Growth and yield studies. 
C. Taxation of forest land. 

REPORT OF PROGRESS : 

A. Case Studies of Income. No work was done during 
the year. 

B. Growth and Yield Studies. Of the 150 plots estab
lished at the start of this project, 122 were re-measured 
during the year. Of the 28 not measured, five are due 
for re-measurement in 1957, four had been cut over, and 
19 were not able to be relocated. The field work included 
a re-measurement of the trees initially tallied, measure
ment of ingrowth, evaluation of site, measurement of 
growth rate on selected trees for the past 10 and 15 years 
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and marking the plot center with easily visible, perman
ent aluminum plaques nailed to the center tree. 

Air photo coverage of the areas in each county in 
which plots had been established was obtained. Also 
county road maps of applicable counties were purchased. 

Work on the computation of plot volumes, basal 
areas, growth rates, etc., has been under way since the 
end of the field work last summer. Comparisons have 
been made of per acre values of basal area seven inches 
and up, and 10 inches and up; of per acre board foot 
volumes for different aspects and sites between the 1951 
and 1956 data. Curves have been showing diameter grow
th for · the past 10 and 15 years on different aspects. 

C. Taxation of Forest Land. Analysis of data was com
pleted and a 41 page (typewritten) manuscript plus 16 
figures was prepared. (Project 124) 

Techniques For Improving The Results of 
Forestation 

p, W. Fletcher, R. H. Westveld, J. M. Nichols, 
L. K. Paulseii, R. B. Polk, Ralph Musbach 

OBJECTIVES: 

A. Propagation of woody cuttings. 
B. Direct Seeding. 
C. Site adaptability of timber species. 

REPORT OF PROGRESS: 

A. Through the cooperation of the Columbia Re
search Center of the Central States Forest Experiment 
Station, U. S. Forest Service, cuttings have been obtained 
and rooted from natural-occurring hybrids of Populus alba 
L. X P. grandidentata Mixhx. found in southeastern Iowa 
near the Missouri border. Believed to possess a vigor 
above that of either parent, these hybrids have an added 
advantage in that they reproduce strongly by suckering 
and can thus maintain themselves vegetatively. Small 
field test plots of these will be established on both an 
upland and a lowland site in the spring of 1957. There 
will be two plots of 16 rooted cuttings (four rows of 
four) per site, and these will be incorporated as test plots 
with larger field plantings of two lots of one-O eastern 
cottonwood (Populus deltoides Bartr.) seedlings at the 
Weldon Spring Experimental Farm. 

It should be reported that this eastern cottonwood 
nursery stock was especially-· produced during the past 
year at the Licking State Tree Nursery through coopera
tive arrangement with the Forestry Diyi'sion ~f the Mis
souri Conservatiori Commission. Cottonwood seeds hav~ 
a transient viability and require careful handling. Th'ey 
were collected in June, 1956, on the Weldon Spri~g area 
from two selected native trees, one occurring in a stand 
on a lowland site and the other in an upland stand. Fol-

lowing collection and extraction from capsules, the seeds 
were delivered promptly to nursery personnel for seed
ing of the beds. 

B. Direct Seeding. The year was one of preparation for 
direct-seeding versus seedling-planting tests with several 
principal species among native Missouri oak. 

In the fall ·of 1955, red oak acorns were collected 
in sufficient quantity to produce approximately one thou
sand vigorous seedlings. In the fall of 1956, an additional 
lot of red oak acorns was collected from the same trees. 
Only a light seed crop of this species was produced in 
1956, however, and a heavy squirrel population was com
peting for the small supply available. Several trips to the 
collection area yielded only six hundred acorns, and when 
the weeviled or otherwise unsound ones were discarded, 
only 350 remained. These were stratified in moist sand 
for overwintering, and they will be used in replicated 
plot tests of direct seeding vs. use of seedlings on plowed 
and unplowed sites. 

C. Studies of site adaptability and establishment tech
niques with various species. As set forth in the project work 
plan for the year ending June 30, 1957, a field experiment 
was established in the spring of 1956, using four blocks 
of three plots each, plot size being 80 x 120 feet. Each 
of the three plots in a block received at random one of 
three levels of site preparation, as follows: (1) deep and 
full plowing; (2) scalp-plowed by rows; and (3) no plow
ing. Thus; there were four replications of these three site
preparation treatments, or a total of 12 plots . . 

The four blocks of plots were planted to a selected 
group of coniferous and hardwood species. 

A check of the plantation in January, 1957, showed 
that approximately twenty percent of the evergreen seed
lings had been recently browsed by deer. Although no 
species preference was suggested, Scotch pine seemed to 
have been damaged most severely of the four coniferous 
species, probably because seedlings of that species were 
largest and most conspicuous. Unless protection is af
forded in the future, it seems most likely that deer will 
destroy the evergreen portion of this experiment. There is 
at present no active plan for hunting or otherwise regulat
ing the deer herd on the Weldon Spring Experimental 
Farm, and the animals have in recent years increased to a 
presently serious and overly populated level. (Project 157) 

Effect of Forest Cover On Soil and Water Resources 

P. W. Fletcher, R. H. Westveld, L. K. Paulseii, 
Ralph Musbach, R. Z. Whipkey, E. A. Johnson 

OBJECTIVES: 

,A. Hydrologic Orientation. 
B. Soil Moisture Studies. 

I I 'I • 

" ,( " Smt;tii Watershed Studies. 
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REPORT OF PROGRESS : 

A. Hydrologic Orientation. (1) Completed plotting 

stream flow data for Current , Black, and St. Francis 

River for the period 1921-1955. (2) Completed seasonal 
and annual precipitation comparison between forest and 
prairie regions of Missouri. (3) Assisted in setting up a 
course program and thesis problem for R. Z. Whipkey, 
Forest Service Trainee. 

B. Soil Moisture Studies. (1) Completed summary of 26 
month record from University Forest, including plotting. 
(2) Continued cooperative weather station and trough 
interception records at University Forest. (3) Continued 
analysis of cooperative records from the Sinkin Experi
mental Forest. (4) Arranged for installation of a coopera· 
tive weather station at the Weldon Spring Experimental 
Farm. (5) Moved shallow well instruments and prepared 
report for publication. 

C. Small Watershed Studies. (1) Completed final ar
rangements for lease of Army Engineer land at Univer
sity Forest. (2) Acquired surplus property road grader. 
(3) Planned, in cooperation with the U. S. Forest Service, 
future studies. (Project 158) 

Utilization of Native Timber and Residues 

R. H. Westveld. Lawrence Leney 

REPORT OF PROGRESS: 

A. Seven wood-using companies were visited in con
nection with problems under investigation or in order to 
keep in touch with recent developments. It was parti
cularly noted that the powder post beetle is still a wood 
utilization problem, causing loss particularly to handle 
mill products and oak flooring . Further study on this 
problem is needed as it concerns both the manufacturer 
and consumer. Infected material can pass from manufac
turer to consumer without either one being aware of it. 

B. Plans for the study of moisture content of the 
standing tree and other characteristics as outlined in work 
plan for year ending June 1956 have been revised asa 
result of a study of techniques required. A method of ob
taining moisture samples from a freshly felled tree has 
been worked out and will be coordinated with logging 
operations at University Forest. ( Project 159) 

OBJECTIVES : 

Inferior Tree Species Control 

R H. Westveld, J. M. Nichols 

A . To test any new herbicides which may appear on the 
market. 

B. To assist RI W Maintenance Corporation, Buffalo, 
N. Y. , in testing their electronic method of killing 
woody vegetation. 

C. To follow up on tests now in progress to check effective
ness of different chemical applications at yearly intervals 
following treatment. 

D. To use cost data from study under Project 122 to 
supplement cost data secured in 166 studies. 

REPORT OF PROGRESS : 

A. No new herbicides were found marketed which 
appeared particularly adaptable to inferior species control 
in stand improvement. 

B. R/ W Maintenance Corporation has not corre
sponded further regarding their intended experiments. 

Following are results from treatment of old field 
persimmon and sassafras with 2,4,5-Trichlorophenoxy
acetic acid (2,4,5-T) and 2- (4 ,5-Trichlorophenoxy) 
propionic acid (silvex). Methods of application included 
one foot basal (saturating bark to a height of one foot 
from ground), ground line basal (saturating bark around 

root crown and not over four inches above the ground), 
and freshly-cut stump treatment. Chemicals were used at 
concentrations of eight pounds and 16 pounds acid per 
100 gals. diesel fuel. Silvex appeared to be equal in effec
tiveness to 2,4,5-T in all treatments on sassafras following 

one growing season. However, it was almost completely 
ineffective in all methods of treatment of persimmon 
after two growing seasons. A few stems killed by basal 
treatments with silvex sprouted profusely and there was 
likewise abundant sprouting from treated stumps. Follow
ing two growing seasons, 2,4,5-T showed good top-kill of 
persimmon given the one foot basal treatment and very 
few sprouts appeared. The ground line basal treatments 
resulted in poor top-kill. 2,4,5-T gave good results in the 
stump treatments. Differences between the two concentra
tions were small with the 16 pounds concentration being 
slightly more effective. Sassafras was much easier to top
kill than persimmon. Insufficient time has elapsed since 
treatments were made to compare accurately sprouting 
between the two species. 

D. Supplemental cost studies being conducted under 
Project 122 are incomplete. (Project 166) 

Marketing Christmas Trees 

R. H. Westveld, J. M. Nichols, R. B. Polk, L. K. Paulsell 

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 industry. 

E. To determine (1) consumer preferences with respect to 
species, size and grade of Christmas tree and (2) con
sumer habits in the use of Christmas trees and everc 
green boughs, including the time and manner of ac
quisition. 
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C. To determine at the retail level of the industry (1) the 
present sources oj 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 Mis
sourI. 

F. To develop improved methods of Christmas tree and 
evergreen bough marketing. 

CONCLUSION: 

The Christmas tree business is a big business and is 
highly competitive. The dealers, both wholesale and re
tail, are interested in presenting good quality trees to the 
public. They admit that their out-of-state trees are not 
always good quality. It appears that a large percentage of 
the public is willing to pay a high price for premium 
trees but will hesitate to buy poorly formed, open trees. 
Needle retention is of prime importance. 

The success of any development of a Christmas tree 
industry in Missouri will hinge on these factors. Trees 
cannot be planted and forgotten until harvest time. Trees 
must be planted carefully in proper locations, cared for 
properly and sold according to already established cus
tomers. This means that arrangements for the sale of trees 
must be made well in advance-perhaps even a year 
ahead. Any attempt to market poorly formed, off color, 
open trees will not succeed. (Project 245) 

Marketing and Processing Hardwood Panelling 

R. H. Westveld, R. C. Smith, Lawrence Leney, W. J. O'Neil, 
L. K. PaulseH, Ralph Musbach 

OBJECTIVES: 

A. Consumer Preferences. 
B. Finishing Materials and Methods of Application. 
C. Fasteners and Their Use. 
D. Methods of Manufacturing. 
E. Costs for Processing and Pricing of Products. 

REPORT OF PROGRESS: 

A. Consumer Preferences. A questionnaire for testing 
consumer preference for several kinds of oak paneling 
and other wall materials was prepared. The possibility of 
having an exhibit of paneling at functions with large at
tendance, such as the state fair, to sample consumer ac
ceptance was explored. 

B. Finishing Materials and Methods oj Application. No 
formal work was completed. A decision was reached to 
concentrate future work on natural finishes which are 
simple to apply and on prefinishing processes. 

C. Fasteners and Their Use. Nailing tests have been 
continued to evaluate splitting tendencies of oak and 
resistance to nails in paneling stock of different thick
nesses when nailed at varying distances from the edge. 
The use of hardened steel nails has proven effective in 
eliminating nail bending in oak lumber. 

D. Methods of Manufacturing. After considerable de
lay in obtaining 220 volt, 3-phase electric service, facili
ties for processing paneling have been essentially com
pleted. A gas-fired dry kiln of 2000 bd . ft. capacity was 
erected and control devices and instruments were cali
brated. A single-head planer, a four-cutter-head molder, 
and heavy-duty radial arm saw have been set up, all 
powered by electric motors. Preliminary batches of lumber 
have been processed to permit adjustment of cutting 
heads and rate of feed. 

Over 29,000 board feet of paneling stock have been 
logged, sawed into one-inch lumber, and air-seasoned for 
kiln drying later. 

An original pattern for oak paneling was designed to 
reduce structural weakness and make a more attractive 
appearance. 

E. Costs of Processing and Pricing of Products. Work 
was confined to planning methods of collecting informa
tion on cost of processing. (Project 259) 

Factors Affecting Distribution of Native 
Ozark Timber Species 

P. W. Fletcher, R. H. Westveld, R. E. McDermott 

REPORT OF PROGRESS: 

Preparations have been made to carry out the 
WORK PLAN for the year ending June 30, 1956, dated 
March 5, 1956. Seed of white oak, post oak, scarlet oak, 
overcup oak, and willow oak have been obtained and 
stored. Planting stock (1-0) is available for shortleaf pine, 
eastern redcedar, and flowering dogwood. Thus, species 
representative of various degrees of drouth resistance and 
presumably saturation resistance are available. 

A series of tests have demonstrated that polyethylene 
liners may provide an effective drum seal to guard against 
confounding iron oxide effects of saturated soils. 

Additional field checks have been made to corrobo
rate or discount tentative conclusions incorporated into 
the preparation of the manuscript titled "Influence of 
geologic parent material and climate on the distribution 
of shortleaf pine in Missouri." (Project ~60) 

Factors Affecting Bottomland Hardwoods 

R. H. Westveld, R. E. McDermott 

REPORT OF PROGRESS: 

Trees eliminated by 2,4,5-T in an axe frill to reduce 
stand stocking and structure were obviously deadened and 
breaking up by the fall of 1956. 
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Mast studies indicate that the pin oak crop was very 
light, and the willow oak and overcup oak crops light. 
The effects of basal area reduction were not apparent by 
mast production results. ( Project 287) 

Use of Forced Air In Forest Fire Control 
OBJECTIVE: 

To develop a new type of forest fire fighting equip
ment using forced air to move leaves and litter in building 
fire lines. . 

* * * 

REPORT OF PROGRESS : 

An axial flow blower was secured on a loan basis 
from Buffalo Turbine Agricultural Equipment Co., 
Gowanda, New York. This blower was mounted on a 
jeep for preliminary testing of air-moving ability. It was 
found that ample air velocity was obtained to make the 
blower effective in moving litter for fire line construction. 
(Project 290) 

* * 

Home Economics 
Margaret Mangel, Chairman 

Changes In Meat Pigments Under 
Various Treatments 

Margaret Mangel, G. G. Kelly, Mina Glidden, 
Helen Caldwell 

REPORT OF PROGRESS: 

Data from previous work have been analyzed and a 
manuscript dealing with the results and findings are in 
progress of preparation. The reaction involved in the 
greening of meat pigment caused by addition of ascorbic 
acid, and methods of preventing it are being studied at 
present. (Project 87) 

Nutritive Status of Older Women 

G. G. Kelly, Helen Gordon 

OBJECTIVE : 

Retention of Calcium, Phosphorous and Nitrogen by 
Healthy Older Women. 

REPORT OF PROGRESS: 

Various amounts of hydrochloric acid were used for 
the hydrolysis of casein to determine the ease, rapidity, 
and completeness of digestion of this protein. The results 
of this work show that as the amount and strength of the 
hydrochloric acid increase there is less requirement for 
heating the solution to obtain complete hydrolysis. 

Reducing sugars combine chemically with the essen
tial amino acid lysine with the result that lysine becomes 
less available for metabolism. Storage and heat are among 
the factors which cause this reaction. Storage of these 
semi-synthetic diets in the freezer resulted in very little 
loss of lysine, but studies are continuing with diets stored 
at refrigeration temperature. Varying amounts of sucrose 

and impure sucrose, brown sugar, were added to casein 
and studied under the various conditions of acid hydroly
sis . The brown sugar at high levels appeared to tie up 
more lysine than the sucrose at any level. 

Baking studies on various temperatures are s-rill in 
progress. Synthetic diets baked in an electric oven were 
initiated. No"results are as yet available on these com
parison studies. 

Work is in progress on comparisons of turbidimetric, 
titrimetric and chemical assay methods based on repro
ducibility, economy, and ease of procedure. It would ap
pear from our preliminary studies that microbiological 
procedures are better than chemical determinations for 
the assay of lysine and methionine. They are more adapta
ble, easier and more reproducible. There is the possibility 
that mutant organisms which require either lysine or 
methionine are much more sensitive and produce a great
er degree of accuracy. 

Work is continuing on completion of manuscripts 
in creatine excretion of older women on self selected 
diets. (Project 95) 

Consumer Preference for Meat And Meat Products 

Ruth H. Cook, Virginia K. Holt 

REPORT OF PROGRESS: 

1. Analysis: A detailed statistical analysis has largely 
been completed of the large eating experiments in St. 
Louis which were conducted last year. 

2. Exploratory panel: Our previous findings have been 
mainly concerned with short loins. Forty households in 
Columbia are cooperating in panel-evaluating the retail 
cuts from 20 hindquarters and 20 forequarters. An ap-
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praisal card is packaged with each cut. Grades represented: 
Four Good, and Four standard forequarters, Four good 
and Four standard hindquarters, 12 composite forequarters, 
and 12 composite hindquarters. "Composite" quarters are 
composed of Choice, Good, and Standard cuts. 

While the numbers are small, this panel should 
provide some tentative conclusions about the relation of 
carcass grades to the acceptability of all-beef cuts. Our 
previous consumer acceptance research has utilized only 
short loins. (Project 109) 

Utilization of Processed Food and Food 
Improvement 

Georgia Amick, Leta Maharg, George Kilby, 
Bertha Bisby, Helen Caldwell, Helen Gordon 

OBJECTIVES: 

A. To standardize various family sized recipes using 
large amounts of dry milk solids for high nutritive 
value. To continue the comparison of physical and 
cooking properties of dry milk solids which have been 
on the market with the instant types and make ad
justments when necessary. 

B. To study better methods of applying meat tenderizers 
to piece meats. 

C. To develop and standardize a formula for quick 
bread mix using both dry and milk solids and dried 
whole eggs. 

REPORT OF PROGRESS: 

A. Testing of family size recipes for yeast rolls and 
yeast bread using high proportions of dry milk solids has 
been continued. Fifteen recipes with variations have been 
standardized with instant dry milk solids. Work using dry 
milk solids in other food products needs to be done, and 
adjustments in recipes may need to be made if differences 
occur in products when instant dry milk solids are used. 

B. The enzymes for this project were first tested at 
a temperature of 40° C, but some work was done later 
using a temperature of 80° e. This higher temperature 
showed in some cases an increase in enzymatic activity. 
At 40° C, when the concentration of the enzyme was in
creased the activity increased. Some methods of applying 
meat tenderizers to piece meats have been used but no 
satisfactOry method has been found, therefore more work 
needs to be done. 

e. Recipes have been formulated using the home 
prepared mix which had been standardized with general 
purpose flour, hydrogenated fat, and dry milk solids. 

More testing of the mix using dried eggs and dried 
milk solids needs to be done. (Project 130) 

Study of Textile Products in Children's Clothing 

Adelia Ginter, Helen R. Poss, Cecilia Aiegorlus 

OBJECTIVES: 

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. 

REPORT OF PROGRESS : 

Data on the serviceability study of two qualities of 
cotton flannel shirts in size eight are being evaluated. 

A second study, using boy 's twelve year old sizes in 
a cotton flannel and a gingham shirt similar to those 
used in the interview studies of NC24, was begun. The 
flannel shirts were put into service during November 
1955, and ginghams were started in January 1956. The 
wear periods on the graments worn and/or laundered in 
the laboratory were completed by the end of May 1956. 
The wear periods on the garments that were worn and 
cared for at home were completed in the fall of 1956. 

Laboratory evaluations, as originally planned for, 
have been made on the new shirts and those in the three 
treatments after all withdrawal periods. Changes in ap
pearance were also recorded. Tear strength has also been 
included. 

With the approval of the technical committee a 
study was made of the home laundering practices used 
on the garments in the serviceability studies by the home
maker in Minnesota, South Dakota, Kansas and Missouri. 

Upon the suggestion of the committee, a study was 
made of the color changes in the flannel shirts as mea
sured by the Continental Gray Scale and Reflectance 
Meter. (Project 162) 

Studies To Improve Food Utilization And 
Selection, Preparation, and Storage Practices 

Leta Maharg, Isabelle Delaney, 
Helen Caldwell 

OBJECTIVES : 

Survey of food preparation practices in Missouri. 
To develop new uses of soft wheat. 
To investigate the edible coverings of food. 
To run a pilot study with electronic range in cooking 
meats, poultry and baked products. 

REPORT OF PROGRESS: 

Various forms of soft wheat as kernels, cracked wheat 
and whole wheat flour have been used in different ways. 
Cooked whole wheat when used in such products as 
cookies becomes flinty on standing. Use of whole wheat 
in such products has been quite successful. 

Work has begun on investigations of edible cover
ings for food. 
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Plans for a pilot study with an electronic range in 
cooking meats and baked products have been made. (Pro
ject 163) 

Testing Flours For Culinary Adaptation 

Leta G. Maharg, Virginia Holt 

OBJECTIVES: 

To test and evaluate experimentally miiled flours 
from the most promising wheats selected by the wheat 
breeding program. 

To develop ctnd el'aluate new method\' and formulae 
or recipes for testing wheat flour. 

To study and evaluate the best methods 0/ incorporat
ing egg white solids into white cake. 

REPORT OF PROGRESS : 

Tests for the 1955 wheats have been completed. 
. Pictures of cakes and cookies are available. 
Flours from 56, 58, and 64 wheats have been tested 

for three consecutive years. The cake scores and volumes 
from the 70 percent patent flours are similar for the 
three years. In general the cookie factor for 1954-55 
wheats are slightly lower than 1953 wheats. 

Results of flour 66 which has been tested for two 
consecutive years showed that cake scores, volumes, and 
cookie factors compared favorable each year. 

There was some variation in mixogram areas and 
viscosities among the wheats the same year and from 
year to year. (Project 205) 

Economic Significance of Pork Grades 

Ruth Cook, Virginia Holt 

REPORT OF PROGRESS: 

A large sales experiment was planned and conducted, 
and the results have been largely analyzed. This experi
ment tested the feasibility and merchandising potential 
of two classifications (grades) of several pork cuts. 

Product.r tested: "Select" and " Regular" cured ham 
shanks, cured ham slices, and rib end pork roasts were 
tested. Select products were a specially lean, meat-type 
classification defined by picture standards for cuts of hams 

* * * 

and loins which were developed last year. Regular prod
ucts were consistently fatter products than the select and 
were representative of the pork currently merchandised 
in Kansas City. Products were selected in the Wilson & 

Co. plant at Cedar Rapids, Iowa. The backfats of about 
9000 carcasses from hogs weighing 200-220 pounds were 
measured and hams and loins were selected from these 
for the tests. 

Experimental Plan: A rotational latin·square type de
sign with matched-lot displays was used in 14 Safeway 
supermarkets in Metropolitan Kansas City. The experi
ments were conducted throughout the day, every day of 
the week, from June 4 to August 6, 1956. These experi
ments were constantly supervised by 1 to 3 members of 
the staff. 

According to the design, there were sometimes no 
differences in price or labeling of the two products , dis
played side by side. This tested the ability of the shoppers 
to discriminate in selection without aid of price or label. 
The remaining time the select product carried a small 
(1" x 1 Yz") label reading "Selected meat-type pork", and 
was priced four cents a pound above the regular. Results 
showed that a majority of shoppers did " find" and buy 
the leaner products when they were not identified by 
price or label. 

The ratio of select and regular sales of ham shanks 
increased throughout the period as shown by the follow
ing ratios: 

These ratios are based on the sales of about 36,000 
pounds of ham in 14 supermarkets. 

Meat cutters of these stores were quite enthusiastic 
about the sales potential of the leaner shanks. It is un
derstood that Safeway is continuing small scale tests of 
merchandising lean hams and loins. 

RESULTS: 

In general, the select (lean) products sold as well as 
the regular when priced higher, indicating that about 
one-half of the shoppers were willing to pay a four cent 
premium for lean pork. 

The select (lean) products sold faster than the regular 
when priced the same. (Project 219) 

* * 

Horticulture 
R. A. Schroeder, Chairman 

Water In The Production Of Horticultural Crops 

A. D. Hibbard, V. N. Lambeth, Joe Corgan. 

OBJECTIVES: 
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A. To study the utilization of soil moisture by fruit 
plants in irrigated and non-irrigated plantings. 



E. Investigations in the moisture relationships and sup
plemental irrigation of vegetable crops. 

REPORT OF PROGRESS: 

A. Soil moisture utilization by irrigated apple or
chards. The utilization of soil moisture was followed in 
seven irrigated orchards. The maximum utilization of 
moisture was similar to other years but the pattern of 
rainfall was somewhat different. Orchards in which the 
soil moisture reserve had been replenished before the 
start of the growing season did not show serious deple
tion as a need for irrigation until the middle of August. 
Where the soil moisture had not been replenished the 
trees had lowered the moisture level to the wilting point 
by mid-June. In spite of above normal rainfall during 
July, there was practically no increase in the reserve 
moisture supply, and under these conditions the trees 
suffered during the latter part of the growing season. 

The moisture characteristics of the soil in several 
bearing orchards were investigated. The soil was ex
amined for field capacity, permanent wilting point and 
bulk density. From this data the moisture storage capacity 
was determined for the upper six feet. On these brown 
loess soils there was little change in storage capacity 
with increasing depth. Only in the Knox series was there a 
decrease with increased depth. The storage capacity varied 
from 1.5 to 2.3 inches per foot of depth. The infiltration 
rate was also determined for four hour periods. The type 
of orchard management appeared to have a considerable 
influence on the initial hour rates while the fourth rate 
was correlated more closely with the texture of the soil. 

It is evident from such data that irrigation systems 
for orchards should be designed to apply water at the in
filtration rates found for the final period which in most 
cases represent the steady infiltration rate for a particular 
orchard. Moreover, each system should be designed for 
the individual orchard because of the great variation be
tween orchards when planted upon soil belonging to 
closely related soil types. 

B. With a seasonal precipitation of 11.78 inches, 
good soil moisture reserves, and late planting, supple
mental water needs for Porto Rico sweet potatoes were 
low and responses to irrigation comparatively small. 
Favorable soil moisture levels existed into August at 
which time one application of 1.5 inches was made. Yields 
of marketable roots were increased from 170 to 198 bush
els per acre. 

Studies of the texture and moisture properties of the 
Menfro soil and comparison with the Marshall and 
Knox types indicated surface sealing and low percolation 
rates were responsible for the earlier difficulty in main
taining favorable moisture levels below 1 foot depth. Of 
the three soils, Menfro had the highest bulk density and 
lowest percentage pore space. On the other hand, the 

available water holding capacity was higher than that of 
Marshall or Knox, suggesting a longer irrigation interval 
( Project 1) . 

Nutrition Of Fruit Crops 

A. D. Hibbard, H. G. Swartwout, D. D. Hemphill 

OBJECTIVES: 

A. Nutrition Status of Missouri Orchards. 
B. Nutrition of Strawberries. 
C. Nutrition of Grapes. 

REPORT OF PROGRESS: 

A. Nutrition Status of Missouri Orchards. A total of 
32 leaf samples were taken from 23 different commercial 
apple orchards, the primary areas of concentration being 
along the Missouri River from Boonville to St. Joseph 
and the Louisiana area. Two Ozark orchards were sam
pled, and analyzed for phosphorus, potassium, calcium, 
magnesium, and boron. No deficient levels of calcium or 
magnesium were found. A few orchards were deficient in 
potassium, the most deficient being those in the Louisi
ana area. Phosphorus was deficient in eight of the 23 or
chards, and 16 others had critical levels. These low levels 
were general throughout the state. Deficient levels of 
boron were found in two orchards. Young trees had 
significantly higher levels of boron in the leaves than 
old trees growing in the same orchard. There was no 
significant effect of age of tree on leaf content of any 
other of the above elements. 

An orchard growing on Missouri River bottom soil 
was compared with orchards on the surrounding river hill 
soil with respect to leaf content of phosphorus, potassium, 
calcium, magnesium, manganese, iron, copper, zinc, and 
boron. With the exception of manganese the nutrient 
levels of orchards on the two soils were similar. The or
chard on river bottom soil was deficient in manganese. 

B. Nutrition of Strawberries. (1) Treatments including 
100 pounds ammonium nitrate, 500 pounds 12-12-12 and 
1000 pounds 0-20-20 per acre were ineffective in increas
ing strawberry yields when applied in January prior to 
the first harvest. 

(2) Nutritional plots were established using two 
levels of nitrogen, two levels of potassium, three levels 
of phosphorus and three levels of soil moisture. Leaf an
of phosphorus and three levels of soil moisture. Leaf anal
yses and yield records are . to be taken in the spring of 
1957. 

C. Nutrition of Grapes. A late spring freeze which 
materially reduced the grape crop made it impossible to 
obtain reliable information on the effect of fertilizer ap
plications and upon nutrient-production relationships 
this year. (Project 4) 
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Use of Antibiotics and Antibacterial Substances In 
The Control of Horticultural Crop Diseases 

R. N. Goodman, W. M. Dowler 

OBJECTIVES: 

A. Fireblight and its control. 
B. Mechanisms of resistance to bacterial diseases related 

to antibiotics and antibacterial substances. 
C. The use of antibiotics to control horticultural crop 

diseases. 

REPORT OF PROGRESS: 

A. Fireblight and its control. (1) A streptomycin spray 
vs dust experiment was conducted as a result of reports 
from California that streptomycin dusts were more effec
tive than sprays. Four sprays at 50 ppm and four dustings 
at 1000 ppm were applied. Data indicate sprays to be ap
proximately six times as effective as dusts under Missouri 
conditions in 1956. 

2. Fireblight cankers frequently girdle and kill apple 
bearing trees. Therefore, tree surgery was performed on 
30 severely fireblight-girdled lO-year-old Jonathan apple 
trees. Following surgery a streptomycin-lanolin paste 
was applied to the periphery of the wound. This com
bined therapy eradicated blight in all but one of the 
treated trees. 

B. Mechani.rms of resistance to bacterial diseases related to 
antibiotics and antibacterial substances. 

In order to study mode of action and resistance re
lated to antibiotics therapy, extremely sensitive bioassay 
techniques are necessary. 

1. Assay techniques have been developed to detect 
terramycin and aureomycin at 0.02 ppm and streptomycin 
at 0.1 ppm. 

2. (Confidential) Through bioassays it has been 
established that certain synthetic growth regulators (hor
mones) increase the uptake of streptomycin applied as 
sprays to bean plants four fold. 

C. The use of antibiotics to control horticultural crop 
diseases. 

1. Peach-Bacterial shothole-Xpruni. 
a. Six streptomycin sprays at 50 ppm reduced foli

age infection by two-thirds. 
b. The ratio of disease free fruit between sprayed 

and checks was 1 :6. 

2. Mushrooms-Mildew, Dactylium dendroides and 
Lipstick Mold, Geotrichum sp. 

a. Mildew and lipstick mold, both hitherto un
controllable diseases by chemical means during the crop
ping season were effectively eradicated by drenches with 
1000 ppm. Terrador (pentachloro-nitrobenzene). 

3. Post harvest bacterial soft rots-Erwinia caratovora. 
a. Potato-Terramycin in combination with 

anisomycin, griseofulvin and tetrachlorethylene signifi-

candy reduced soft rot decay of potatoes stored in mois
ture-proof polyethylene containers. 

b. Cabbage-processed as cole slaw, dipped in ter
ramycin for 15 seconds at 5 and 25 ppm. had an increase 
in the shelf-life of 10 days over the water-dipped controls. 

4. Antioxidants to increase shelf-life of mushrooms. 
a. Mushrooms darken (oxidize) 1. with time, 2. on 

brief exposure to water thus preventing the removal of 
debris by washing and 3. upon bruising incurred dur
ing the harvesting, sorting and packing operations. 

b. A cheap antioxidant formulation was developed 
that would significantly delay oxidation from the three 
causes mentioned above. 

c. The antioxidant formulation contains one per
cent NaCI and 900 ppm. NaHS03 in a water solution. 

d. Mushrooms dipped for 11;2 minutes in the so
lution have remained white and maintained good quality 
for as long as nine days after harvest. (Project 27) 

Marketing Fruits and Vegetables 

R. A . Schroeder 

Twenty-one modified case studies on ten vegetables 
in St. Louis County, Mo. were completed. Each study 
presents a detailed analysis of factors influcrncing net re
turns (or losses) to the grower. From this study the fol
lowing is concluded: labor comprises a major portion of 
the cost of producing vegetables; with the exception of 
sweet corn, labor comprised from 40 to 60 percent of the 
total cost of producing nine vegetables-average, 49 per
cent; the high COSt of land on some of the farms greatly 
increased production Costs-suburbanization of what was 
once all farm land with the resultant high taxes, improve
ments and restrictions is responsible for high land values; 
capital expenditures were not found to be excessively 
high-perhaps in a few instances better utilization of ma
chinery and equipment would lower production costs ; 
lack of available irrigation equipment and failure to con
trol adequately insects and diseases were primarily re
sponsible for low yields on several of the modified cases 
studied. A multiplicity of factors are involved in realizing 
a gain (or loss) 111 producing vegetables -in this study 
net returns varied from a loss of almost $200 to a gain 
ot over $1000 per acre. Climatic conditions, managerial
ship and prevailing market prices are primarily responsible 
for the degree of net loss or gain. These factors vary from 
year to year, crop to crop, and farm to farm. This study 
helps define more explicitly these factors . (Project 63) 

Stone Virus Diseases And Their Control 

D. F. Millikan 

OBJECTIVES: 

A. Identification and eradication of virus infection in 
our commercial and nursery stocks. 
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1. Certification program for nurseries. We have con
tinued this service in cooperation with the State Depart
ment of Agriculture and will extend it whenever feasible. 
We feel that our program has resulted in superior nursery 
stocks for the trade, but there remains many perfections 
that must be made. 

2. Phony Peach and Peach Mosaic Survey. This has 
been and will be continued. The Station cooperated with 
the State Department of Agriculture and Federal Regula
tory workers during the past season protecting an impor
tant agricultural industry of the state. 
B. Physiological and Biochemical Studies. 

We need to know more con(erning the physiological 
changes associated in the diseaJed condition if we are to 
effect any therapeutic treatment to save valuable horticul
tural varieties now known to be infected. Our approach 
is to study those factors involved in the nucleic acid syn
thesis as altered or enhanced by virus infection. 
C. Pome Fruit virus studies. 

Our apple commercial area is now known to possess 
considerable virus infection. We are making eve~y elfort 
to unscramble the complex or complexes of infection exist
ing and formulate remedial measures. 

REPORT OF PROGRESS: 

A. Identification and eradication of virus infection in our 
commercial and nurse~y stocks. 

1. Certification program-this is being continued and 
extended to assure our nursery industry that the stone 
fruit tree production will not be discriminated against 
because of virus infection. At the present time all com
mercially important cherry varieties carry a budwood cer
tificate and approximately one-half also carry a rootstock 
certificate. More research is needed to develop superior 
methods of indexing since entities are found that are 
symptomless on the hosts now being used. This program 
is being extended to the plum and apricot varieties being 
propagated and as soon as more research indicates the 
necessity, peaches will be included. 

2. Phony peach and peach mosaic survey-this phase 
is being continued with the Experiment Station cooperat
ing with the State Department and Federal Regulatory 
Service. Although Peach Mosaic has never been found in 
the state, it does pose a serious threat due to the consid
erable movement of bud wood in our nursery trade. The 
phony peach virus is present in our southeastern com
mercial peach areas but seems to be well under control 
as there has been no noticeable increase of infection dur
ing the past ten years. The environ areas showing a high 
incidence of infection in 1955 showed no infection in 
1956. 

B. Physiological and Biochemical Studies. 
The work on nucleic acid synthesis associated with 

virus infection in cherry is being continued and will be 

accelerated. However, the anomalous results consistently 
plaguing this work dictated that methodological proce
dures had to be perfected. As a result of this work a new 
method for the extraction of nucleic acids from plants has 
been developed involving a combination of NaCl precipi
tation prior to perchloric acid extraction. This work per
mitted us to obtain good curves peaking at 260 m/-L with 
no absorption at 240 and 280 mp... Our next step is to 
develop methods to separate RNA and DNA and once 
this can be accomplished we will be in a position to 
study the fundamental aspects of virus infection and there
fore understand some of the physiological changes associ
ated with infection. 

C. Pome Fruit Virw Studies. 
Transmission and host range studies were extensively 

investigated in as much as this problem appears to be our 
most pressing one if we are to clear up the whole apple 
virus problem. A total of eight apple varieties, 10 pear 
varieties species, four species of Sorbus , two species of 
A melanthier. three species of Crataegus, two species of 
Amnia and three species of CotoneclJter wen: tested as pos
sible virus indicators . Only the apple variety, Virginia 
Crab, showed any evidence of being useful and this study 
resulted in the first transmission of the stem pitting virus. 

Additional studies involving host range including 
herbaceous plants and other varieties or species will be 
tried during the coming year. Seed transmission studies 
are already underway and results may be available for the 
1957 progress report. At least two suspected virus condi
tions other than the stem pitting virus exist in Missouri 
orchards and these will be studied in more detail during 
the coming season. (Project 68) 

Horticulture Farm 

Staff, Department of Horticulture 

PROGRESS REPORT: 

A. Completed residence for Farm Manager. 
B. Started residence for Farm Worker. 
C. Cleared area around 30-acre lake. 

(Project 11 6) 

Commercial Culture of Truck Crops and Greenhouse 
Vegetahles 

V. N. Lambeth, Jackie Pearson 

OBJECTIVES: 

A. Improvement of Commercial Sweet potato Production. 
B. Cultural Practices for the Processing Tomato Crop in 

Southwest Missouri. 
C. Cultural Practices to Improve Irish Potato Yields and 

Storage Keeping Quality. 

REPORT OF PROGRESS: 

A. Improvement of Commercial Sweet potato Production. 
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In the Southeastern Sweetpotato Cooperators Trials, 11 

varieties and advanced breeding lines were evaluated in 
replicated yield plots and 11 in an observational planting. 
The recommendations of the Field Test Committee re
garding testing procedures were followed closely and 
good evaluations were obtained for performance and type 
characteristics. In these tests, the most promising new 
lines were Okla. 54, L-1-13, L3-77, and L3-79. A detailed 
report was sent to coordinator, Dr. e. E. Steinbauer of 
the U.S.D.A. Agricultural Research Service. 

Several sources of seedstock apparently "cork-free" 
or of very low internal cork infection were located within 
the state as a result of the regional survey. Seed was in
creased of a strain of Unit I Porro Rico maintained by 
the Missouri Agricultural Experiment Station and believed 
to be free of internal cork. 

B. Cultural Practices for the Processing Tomato Crop in 
Southwest Missouri. In the Station planting at Franklin, 
Missouri , 36 varieties and advanced breeding lines of the 
canning type were tested in replicated plots under good 
fertility and irrigation conditions. This planting included 
the eight varieties and lines of the STEP and breeding 
lines from the Missouri Agricultural Experiment Station. 
A separate report of the STEP lines was forwarded to the 
coordinator, Dr. Warren S. Barham. 

Of the 36 lines 24 were found to be more productive 
and a few approximately twice as productive as Rutgers, 
the standard canning variety. The range in yield in this 
planting was 10.5-27.3 tons per acre with Rutgers averag
ing 14.0 tons per acre. Among the lines from this station 
13-S-28, 13-S-15 and 13-S-22 were the most promising of 
the genetically stable stock. 

Cooperative test plantings approximately two acres 
in size were made in Newton, Jackson, Howard, Missis
sippi, and Scott counties. Most plantings included six 
varieties and commercial yields ranged from seven to 12 
tons per acre, depending upon local rainfall and culture. 

e. Cultural Practices to Improve Irish Potato Yields and 
Storage Keeping Quality. The North Central Regional Irish 
Potato Trials included 14 varieties and breeding lines in 
a replicated planting using a standardized planting plan. 
In addition, 10 breeding lines were tested in an observa
tional planting. With satisfactory growing conditions and 
irrigation facilities , yields were good and differences 
among varieties significant. Heavy scab infection per
mitted good evaluation for scab resistance. Other diseases 
were not a problem. The most promising new lines in 
this test included ND-2906-IR, Wise. 0103.51 and ND 
457-1-16. An Indiana line BE 2335-42 appeared to be very 
poorly adapted to this area-possibly a photoperiod re
sponse. (Project 121) 

Culture of Stone Fruits in Missouri 

A. D. Hibbard, Joe Corgan 

OBJECTIVES : 

A . New Varieties 
B. Soil Management 
C. Pruning 

REPORT OF PROGRESS: 

A. The new variety planting was increased to 50 
varieties of three trees each. These include varieties show
ing commercial promise which have been introduced dur
ing the last 10 years since the test orchard at Campbell 
was discontinued. A number of the standard or presently 
planted commercial varieties have been included for con
trol comparisons. These trees are now entering their sec
ond growing season. 

B. Soil Management. A block of 100 trees of the Lor
ing variety was planted for this work. The trees will be 
kept under uniform culture until well established. 

The differential treatments will be started at the end 
of the second or third year growing season depending 
upon the size of the trees. 

e. Pruning. Differential treatments were started this 
season on two year trees. :these trees have made such 
favorable growth that a crop will be produced the third 
year provided the flowers escape in bloom pest damage. 
Another block of 125 Triogem trees were planted in 1956. 
These trees will be used for other phases of this project. 
(Project 126) 

The Breeding of Vegetable Crops 

A. D. Hibbard, V. N. Lambeth, 
Jackie Pearson 

OBJECTIVES: 

A. The breeding of disease resistant watermelons for 
commercial production in Missouri. 

B. Evaluation of wilt resistant hybrids of L. pimpinel
lifolium. , L. esculentum and breeding for improved 
horticultural characteristics. 

REPORT OF PROGRESS: 

A. Watermelon strains supplied by the Southern 
Cooperative trials were grown in replicate yield plots. 
The U.S.D.A. introduction W453 (Blackstone) was the 
most promising variety in the trials and was equal to the 
disease susceptible Black Diamond. The breeding lines 
Ark. 55-11 and Miss. 17-17 were also quite promising. 
The seedless triploid hybrids produced fair yield of small 
(12 pounds) melons. This type could be profitable if the 
melons could be marketed for a premium price. 

The Missouri breeding lines for disease resistant 
varieties of the Black Diamond type were continued for 
further selection. The ~Dl-19 line which was being in-
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creased for extensive testing proved to be very susceptible 
to sunburn under drouth conditions and was discarded. 

A sister line BD33 was practically immune to this 
defect and was saved for increase in 1957. Further selec
tions were made in lines combining disease resistance to 

both Fusarium wilt and Anthracnose. Lines selected for 
high sugar content are apparently being stabilized for this 
characteristic. It appears to be entirely practical to de
velop varieties which have a soluble solids content of 12 
percent in contrast to 8 or 9 percent for many commercial 
soils. 

Work was continued on developing disease resistant 
varieties of the small ice box type. Several promising 
lines have been developed but in none is the type suf
ficiently introduced to warrant release for extended trial. 
The gene for golden skin at maturity was introduced in
to the ice box lines. Such a characteristic which gives a 
visual indication of maturity should be of value in a 
garden variety. 

B. Twenty-four greenhouse forcing lines consisting 
largely of early generation crosses and individual plant 
selections from segregating lines were performance tested 
in a greenhouse ground bed. In separate plantings they 
were screened for resistance to fusarium wilt (race 1) and 
Cladosporium leaf mold (race 1). Several individual plant 
selections were made and seed increases obtained of the 
four most promising F 1 hybrids and several inbred lines. 

In the staked plots at the Horticultural Experimental 
Farm at Franklin, Missouri , 18 of the most promising 
breeding lines were compared with three F\ commercial 
hybrids for performance and type characteristics. Of these, 
several were found to be more productive even on wilt
free soil; however, most were a few days later in ripening 
fruit. Several lines were found with less tendency towards 
radial cracking than the commercial hybrids. (Project 128) 

Physiological Mechanisms of Reproduction 
In Horticultural Plants 

A. E. Murneek, D. D. Hemphill, Eldon Spicer 

OBJECTIVES: 

A. Effects of growth-regulating substances on flower bud 
differentiation. 

B. Effects of growth-regulating substances on fruit set. 
e. Relation of auxins to cold requirement of peach varie

ties. 

REPORT OF PROGRESS: 

A. N-meta tolyl ph thalamic acid applied to the 
seedling as well as the fruiting tomato plant increases 
fruit bud differentiation. When applied in the fall (Sept.) 
this chemical appeared to have the same effect on straw
berry plants. B-Hydroxyethylhydriazine and gibberellic 
acid were not effective in increasing fruit bud differentia
tion in the tomato. 

B. p-Chlorophenoxyacetic acid and 2,4-dichloro
phenoxyacetyl-d, l-methione are the most satisfactory of 
several chemicals for improving set of greenhouse 
tomatoes. 

Combination of boron and sugar with the growth
regulating chemicals B-naphthoxyacetic acid did not give 
any appreciable increase over the chemical alone. 

None of the chemicals tested were effective in in
creasing yields of lima beans and strawberries. 

C. Two and possibly three growth-promoting sub
stances and one growth-inhibitor have been separated 
from ether extracts of peach buds by paper chromato
graphy and assayed by areana growth tests. (Project 129) 

Weed Control in Horticulture Crops 

D. D. Hemphill, T. W. Hogard, 
Robert Nevins 

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 evaluate chemicals for the control of lawn weeds. 
E. To evaluate chemicals for control of weeds in apple 

and peach trees. 

REPORT OF PROGRESS: 

A. Diuron (3,4-dichlorophenyl-l,l,dimethylurea) 
and CIPC (isopropyl-N-(3-p-chlorophenyl) carbamate) 
gave control of weeds beneath the grape trellis without 
injury to grapes. One application effective for the entire 
season. 

B. March applications of granular forms of CIPC 
and SES were ineffective in crabgrass control during har
vest season. 

C. Fifteen chemicals evaluated as herbicides in vege
table crops. New promising results: CDEC (2-chlorallyl 
diethyldithiocarbamate) very promising in spinach and 
okra; Simazin very promising for pre-emergence use in 
sweet corn and Alanap 2 (N-l naphthalamide) stimulates 
sweet potato production over hand-weeded controls. 

D . TBA(2,3,5 -trichlorobenzoic acid) and 2,4,5-TP 
(2,4,5-trichlorophenoxypropionic acid) very promising for 
control of 2,4-D resistant lawn weeds such as chick-weed, 
white clover and henbit. Ammonium sulfate also effective 
on chick-weed, Alanap IF (granular N-l naphthalamic 
acid) most promising pre-emergence crabgrass killer and 
disodium methyl arsonate most effective post-emergence 
killer. 

E. CPCPC (chloropropyl chlorophenyl carbamate) 
and Simazin most satisfactory control of weeds around 
young apple trees. Polyethylene film promising for weed 
control around young peach and apple trees. Amino 
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Triazole very promising for weed control of poison ivy 
and horse nettle under apple bearing trees. (Project 146) 

Promotions of Horticulture 

R. A. Schroeder, T. J. Talbert 

REPORT OF PROGRESS: 

Report of research findings and recommendations 
were given to the horticultural crop producers in the 
state through the following department publications: 

l. Horticultural News 
2. Floricultural News 
3. Vegetable News 
4. Weekly Spray Letter 
The apple merchandising work of bringing producer 

and buyer in touch with each other in the form of an up
to-date availability of apples 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 and Fruit Production. (Project 169) 

Downy Mildew and Black Rot Control on Grapes 

R. A . Schroeder, H. G. Swartwout 

OBJECTIVES : 

A. Evaluation of fungicides for the control of downy 

mildew and black rot. 

REPORT OF PROGRESS: 

Maneb, zineb and captan were evaluated for downy 
mildew control on grapes using basic copper sulfate for 
the standard of control, unsprayed vines to give disease 
potential and ferbam which is the standard for black rot 
control, but inadequate against downy mildew as the 
standard-fungicide control. The order of mildew control 
was 1st and excellent, basic copper sulfate % pound Cu-
100; 2nd. and excellent, maneb 1 112-100; 3rd., and good, 
zineb 2-100; 4th, and fair, captan 2-100; 5th and poor, 
ferbam Ph-lOO; 6th, unsprayed with almost 100 percent 
infected foliage. The order of black rot control was 1st., 
maneb ; 2nd ., zineb; 3rd., ferbam; 4th., basic copper sul
fate; 5th., captan; 6th. , unsprayed. Captan gave excellent 
control of mildew during the use period, but failed to 
provide adequate residual protection. The ' basic copper 
sulfate caused moderate to moderately heavy foliage in
jury, the maneb very light foliage injury and the other 
fungicides no injury. (Project 194) 

Hormone Sprays for Fruit Thinning And 
Control of Preharvest Drops 

A. E. Murneek, D. D. Hemphill 

OBJECTIVES : 

A. To determine the effectiveness of naphthylacetamide 
and naphthaleneacetic acid and combinations in thin
ning biennial bearing varieties of apples. 

B. To evaLuate chemicals for peach thinning. 

REPORT OF PROGRESS: 

A. Fruit set on trees sprayed with naphthylacetamide 
was 40 to 50 percent of the set on unsprayed trees. Com
bination of glycerine in amounts of .125, .25 and .5 per
cent of the spray appeared to increase the effectiveness of 
the thinning spray. 

B. N-1 naphthalamic acid, 200 ppm, effectively 
thinned Red Haven peaches when applied in full bloom. 
(Project 195) 

Response of Vegetables to Established Cationic 
Saturation Levels on Low Exchange Soils 

V. N. Lambeth 

REPORT OF PROGRESS: 

Field fertility plots established in 1955 on Menfro 
silt loam, a soil with a cation exchange capacity of 12.54 
me/ lOO gms, were tested and the original treatments re
established. Applications of 270 pound/ A. P2 0 S as 45 
percent superphosphate, 144 pounds/ A. K 20 as sulphate 
of potash, and 1650 pound/ A. CaC03 (flour fineness) 
was effective in increasing the soil testing concentrations 
as follows: P 205 -101 pounds/ A; exc. K 98 pounds/A; 
exc. Ca 880 pounds/ A. The soil pH was increased from 
6.1 to 6.4. 

Porto Rico sweetpotatoes did not respond signifi
cantly to potassium saturation levels above 2.63 percent, 
(equiv. to 260 pounds per acre) or calcium saturation above 
62 percen t, (equiv. to 3100 pounds. per acre). Release of 
potassium and other nutrients from the silt and clay par
ticles by chemical weathering may have been sufficiently 
great to contribute significantly to the crop requirements. 

Potash saturation levels to four percent of the total 
cation exchange capacity were also established on Men
fro silt loam in greenhouse plots. Three forms of potash 
fertilizer were used: muriate of potash, sulphate of potash, 
and potassium carbonate. No significant differences in 
growth of spinach and Bibb lettuce were apparent among 
treatments. (Project 196) 

Studies On Fruit Finish On Apples 

H. G. Swartwout 

OBJECTIVES : 

Evaluation of other fungicides for their effict on fruit 
finish and disease control. 
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REPORT OF PROGRESS: 

In a comparative test between Diazinon, 2-100 and 
parathion, M -100 there was no significant difference be
tween the two materials in the amount of russeting on 
Jonathan and Golden Delicious apples. The extent of 
russeting was small with both materials, but there was 
indication of a little greater lentical enlargement on 
Golden Delicious with the Diazinon than with the para
thion. Five early season sprays of captan 1 plus zineb M-
100; captan 2-100; magnetic "70" sulfur paste 4-100; Thy
late 2-100; Vancide M 11h-100 gave increasingly greater 
reduction of fruit finish of Golden Delicious in the order 
named. The captan-zineb combination gave fruit of ex
cellent finish while Vancide M caused an objectionable 
amount of russeting. The ferric and manganese salts of 
pyridinethione as high as 1-100 actual gave far from ade
quate control of cedar rust on Jonathan foliage. A captan
zineb spray gave essentially complete control. There was 
no scab in the test orchard. (Project 232) 

Technology of Apple Products 

Neil Finley, M. R. Johnston, ~. E. Johnson 

REPORT OF PROGRESS : 

The development of a good quality frozen concen
trated apple cider is being approached from the stand
point of the quality of the more popular apple varieties 
for cider and the enhancing of the qualities by partial 
fermentation of the juice. The Jonathan, regular delicious, 
Golden Delicious, Ben Davis, Rome Beauty, York Im
perial and Stamen Winesap were characterized for acidity, 
sugar, flavor and aroma. Blends of three or more varieties 
were found to produce a good cider when they contained 
either Jonathan or Winesap. 

The addition of ammonium phosphate to apple juice 
improved the odor and flavor of cider fermented by yeast 
strains Y-1081, Y-1683, Y-1485 (E. vernalis) and Y-1062 
(E. vernalis); whereas, eight other yeast strains did not 
show this effect. Ethyl alcohol (0.6 percent by volume) 
added to the apple juice did not appear to improve the 
odor and flavor of the fermented product. 

Yeast strains C-128 (H. anamoia, var. longs) , C-309 
(H. anamola, var. longs), C-98 (Nadsonia fulvescens), 
C-114 (S. ludwigii), C-354 (K. linderi) and C-103 
(Schizos. octosporus) from the University of California 
Collection do not appear to be able to import a desirable 
odor and flavor to apple cider. Strain C-309 is a very 
strong producer of ethyl acetate which imported a very 
repulsive odor to the cider. (Project 233) 

Technology of Irish Potato Products 

M. R. Johnston, Neil Finley, 
W. E. Johnson 

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. 

REPORT OF PROGRESS : 

A. Irish potatoes, variety Cobbler of size two inch to 
two and one-half inch were stored at 45 0 F and 65 per
cent R.H. in five pound sample replicates. Package types 
used were polyethylene, 15 mil , perforated; polyethylene, 
15 mil, sealed; polyethylene, 20 mil , sealed and fiber mesh 
bag. Treatments used were sorbic acid, actidion, tetrach
lorethylene, ansiomycin, oligomycin, rimocidin , griseo
fulvin, terramycin and chlorine. Combinations of ter
ramycin and the first seven fungicides were used. 3-CI-IPC 
sprout inhibitor was used, except for the control. 

Perforated 15 mil polyethylene bag retained a signifi
cantly greater amount of usable quality potatoes after 49 
to 104 days storage; the mesh bag was lowest and the 
sealed 15 mil polyethylene was intermediate except on 
some treatments (sorbic acid; griseofulvin ; combination 
griseofulvin-terramycin) in sealed bag were superior to 
the perforated. 3-Cl-IPC (sprout inhibitor) did not show 
an improved preserving effect as demonstrated previously. 
Microbiological examination of the potatoes for "soft 
rot" producers was made and the results parallel the 
preservation efficiency of the treatments. Taste panel re
sults did not indicate any difference due to treatment. 
Reducing sugar content of the potatoes was determined. 
531 five pound samples of potatoes were treated and ex
amined. 

B. Twelve irish potato varieties were prepared and 
examined for their adaptability to frozen mashed potato 
production. The mashed potatoes were prepared at the 
time of digging and after two weeks common storage. 
Reducing sugar content and Blue Index value were de
termined on the prepared product. Taste panel evaluation 
was made using a commercial product as control. Varie
ties, Early Gem, Waseca, Minnesota-13, Keswick and 
North Dakota-457-1-16 warrant further studies of their 
quality. (Project 234) 

Disease Control and Effect of Pesticides 
On Fruit Finish of Peaches 

H. G. Swartwout 

OBJECTIVES : 

A. Evaluation of some of the newer fungicides upon the 
control of peach scab and brown rot and upon fruit 
finish. 



REPORT OF PROGRESS : 

In capt an vs sulfur tests on three varieties-Carman, 
Belle and Elberta-captan at 6-100 in eady summer ap
plications under rather high temperature conditions 
caused an objectionable reddish-brown discoloration of 
many of the fruits. Later in the summer a cracking and 
checking of the skin occurred on sun exposed areas of 
some of the fruits . At harvest time the captan sprayed 
fruits presented a brighter and more lively appearance 
than those sprayed with sulfur. Both sulfur (6-100) and 
captan (2-100) in a two-week schedule gave essentially 
complete control of scab (less than 0.5 percent) where 
unsprayed controls showed a range of 71 to 100 percent 
infected fruit . Scab tests were on Carman and Belle varie
ties. The zinc salt of pyridinethione at one-half, one, 
and two pounds-l00 of a 50 percent WP formulation 
(Omadine) causes no visible injury to either fruit or 
foliage but gave poor control of peach scab under a high 
scab potential even at 2-100 dilution . No brown rot de
veloped in any of the test plots. (Project 243). 

A Study of Horticultural Plant Pathogens 

D. F. Millikan , M. N. Rogers 

OBJECTIVES : 

A. IdentiJy and recommend control measures for any 
epiphytotic that would seriously threaten a horticul
tural crop. 

B. Study the etiology, symptomatology and control of 
new diseases oj ornamental plants. 

REPORT OF PROGRESS: 

A. Approximately 70 letters were answered concern
ing diseases affecting horticultural crops. In addition sev
eral trips were made to examine conditions that could not 
be covered by mail. Four distinct diseases were recognized 

and identified for the first time in the state. The new dis
eases and recommended control practices are listed below: 

Sodium toxicity on Euonymus. This trouble resulted 
from excessive use of salt on the sidewalks during the 
winter season. Symptoms first appear as mild chlorotic 
areas on the leaves which enlarge and coalesce. Eventually 
these chlorotic areas become necrotic and drop out leav
ing as little as 20 percent functional leaf tissue. Affected 
plants are markedly stunted and show a premature leaf 
caste in the fall. The substitution of sand for salt is rec
ommended. 

Virus infection on lettuce. A diseased condition marked 
by yellowed leaves that tend to dry up shortly following 
transplanting has been prevalent for several years. Af
fected plants remain chlorotic and stunted never develop
ing into a marketable plant. During the past season this 
condition has appeared to be somewhat more serious and 
upon examination, it appears to be caused by the aster 

yellows virus. Greater care in the selection of plants to 
be transplanted and control of the leaf hopper vector 
should reduce this trouble to a minimum. 

Black root oj radish. This trouble was first brought to 
our attention in 1955 . At that time a fungus was isolated 
and thought to be Aphanomyces raphani but no tests were. 
run inasmuch as it was late in the season and the trouble 
seemed to disappear. Additional isolations during the 
current season indicated that the organism was probably 
a Fusaria species and pathogenicity studies are presently 
being carried out. Resistant varieties of radish will soon 
be available and some plants will be set out during the 
commg season. 

Collar rot oj apple. Recently our attention has been 
called to a crown rotting disorder on certain apple trees 
worked on Hibernal crab. Isolation techniques indicated 
that a fungus was involved and this was tentatively 
identified by T. W . Bretz as Phytophthora caetorum. Cul
tures sent to Dr. George Zentmyer indicated that the 
causative entity was indeed P. cactorum. No specific rec
ommendations have been suggested as yet, but some 
work to clarify some aspects of the disease will be under
taken during the current season. 

B. Preliminary studies on a root rot disease of Croft 
Easter lilies have been carried out. The disease has been 
studied to determine the normal symptom picture pres
ented and the time during the growth of the crop that 
injury becomes serious. Two chemicals have been evaluat
ed for control of the disease when used as bulb dips. 
These chemicals; the antibiotic, Rimocidin and the fun
gicide, pentachloro-nitrobenzene; have been used at three 
different concentrations as bulb dips without success. 
Further experiments are currently in progress. (Project 
258) 

Chemical Inhibition of Plant Virus Diseases 

D. F. Millikan 

OBJECTIVES: 

A. Physiology oj virus reproduction. 
B. Antimetabolite Studies. 

REPORT OF PROGRESS: 

Inasmuch as this project is to be activated during 
the coming year, there is no progress that can be reported 
at this time. Detailed results should be available for the 
1958 report. (Project 285) 

Problems in Small Fruit Culture 

D. D. Hemphill, T. W. Hogard 

OBJECTIVES: 

A. Evaluation of new strawberry varieties. 
B. Improvement of strawberries by breeding. 
C. Evaluation of blackberry and raspberry varieties. 
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D. Determination of the causes of sterility in blackberries 
and development of methods of control. 

REPORT OF PROGRESS: 

A. 21 varieties and selections were set in 1955 and 
fruited in 1956. Dixieland and Pocahontas were promising 
new varieties. Virus-free strains of Dunlap, Sparkle and 
Tennessee Beauty very promising. 

B. Approximately 1200 seedling fruited in 1956 from 
crosses made in 1954. Eleven selections were made from 
this group. 26 selections are presently under test. 

e. Early Harvest and Jersey Black continue to be 
the most promising varieties of blackberries. Bristol 
continues to be the most satisfactory variety of raspberry. 

D. Sterility condition in blackberries transmitted by 
cane and root grafts indicating virus nature of causal 
agent. (Project 291) 

Greenhouse Flower Crop Production 

J. E. Smith, R. A. Schroeder, 
M. N. Rogers, Wm. Broce 

OBJECTIVES: 

A . Relation of soil analysis to flower production and 
quality. 

B. Greenhouse cooling and its effict on flower production. 
C. Factors affecting the keeping qualities of cut flowers. 

REPORT OF PROGRESS: 

A. Relation of soil analysis to flower production and 
quality. Of the 1200 soil samples tested in the past year, 
521 were summarized in regard to the soluble salt prob
lem. The solubridge conductivity test was used which 
expresses results in Mhos X 10- 5

• Mums, snapdragons, 
carnations and roses were growing on soil in the range 
of 20 to 200 +, but the means for each varied as follows: 
mums 90, snapdragons 100, carnations 120 and roses 60. 
In the majority of higher tests, the grower expressed 
trouble with the crop. 

High manganese was identified as a potential prob
lem in southwest Missouri . A project has begun to study 
snapdragons, calendula, stocks, mums and French Horti
cultural beans in soil and solution culrures to determine 
plan; tolerance and symptoms at various levels. Calendula 
appears to be a useful indicator plant. 

B. Greenhouse cooling and its effect on flower pro
duction. Pompom chrysanthemums and snapdragons (two 
varieties of each) were grown under three methods of 
greenhouse cooling: evaporative pad, intermittent low
pressure mist and fan forced-ventilation methods. The re
sults show that chrysanthemums branched more profusely 
under the first two cooling methods than under the 
third. Stem length in both crops was also greater (by 
10-25 percent) under the first two methods of cooling. 
Mist cooling caused an appreciable delay (12-15 days) in 

* * * 

the flowering of snapdragons. There appears to be no cor
relation between weight of the Cut stems and the cooling 
method used. There were no consistent differences noted 
in the apparent photosynthesis of snapdragon plants 
grown under the three treatments. 

e. Factors affecting keeping qualities of cut flowers. 
Vase life of Better Times roses was compared in various 
solutions at room temperature (varied from 65-90° F). 
Treatments from best to poorest in order were: Moselife, 
Floralife, acidified (HC) water, tap water, two percent 
glycerin, one-half percent carmowax and 1000 ppm maleic 
hydrazide. All were compared to tap water as the control. 
The best treatments increased by 50 percent the life of 
the rose. Weight increase was used as a measurement of 
maturity. Useful cut flower life diminished rapidly as 
soon as weight declined. Vase life was inversely related to 
the rapidity of initial weight increase. (Project 293) 

Market Quality of Processed Missouri Vegetable 
Products 

M . R. Johnston, W. E. Johnson, Neil Finley 

OBJECTIVES: 

A . Correlate the quality factors of raw produce as to its 
resulting influence on the quality of proce.r.red vegetables. 

B. Ascertain the time interval at which processing vege
table crops will remain at optimum maturity for a 
given processed quality grade. 

C. Develop objective techniques for measuring factors of 
quality grade in raw and processed vegetables. 

D. Inve.rtigate the prediction of optimum-maturity-date 
by heat unit method and/ or possible new methods. 

REPORT OF PROGRESS: 

Work on the project has been directed to';"ards de
termining which processed vegetables should be included 
in the study. Information to substantiate the selection of 
vegetables that have the greatest potential of success in a 
processed form is being assembled. Production trends to 
the frozen and canned products are being analyzed in 
view of the crops apparent adaptability to Missouri grow
ing condi !ions. Product research conferences are being at
tended to obtain a better understanding of the inherent 
problems of the products. 

Frozen broccoli appears to be a product for this study. 
A fall crop of three varieties has been frozen by a stand
ardized processing technique. Raw product characteristics_ 
(weight and dimension of heads) are being correlated 
with frozen broccoli quality (color and character). Varia
bility as influenced by variety and harvest dates is being 
evaluated. 

Other products which appear to warrant inclusion 
in this study are frozen spinach, canned tomato pulp, 
canned and frozen sweet potatoes. (Project 295) 

* * 
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Poultry Husbandry 
E. M. Funk, Chairman 

Minimizing Quality Losses In Shell Eggs and 
Dressed Poultry In Market Channels 

E. M. Funk, O. J. Kahfenberg, Fred A. Gardner, 
Glenn Froning 

OBJECTIVES: 

A. Relation of age of bird to initial quality and loss of 
quality in sheff eggs in market channels. 

B. Relation of time (season) of production of initial quali
ty and loss of quality in sheff eggs in market channels. 

NATURE OF WORK AND PRINCIPAL RESULTS OF THE YEAR: 

Work has been continued on the relation of age of 
bird and season of production on the initial quality of 
shell eggs and subsequent loss in quality of eggs pro
duced by . layers kept in cages and their sisters on the floor. 

The in itial quality of eggs as measured by Haugh 
Units was approximately 10 points higher in eggs broken 
immediately after laying and before cooling than in eggs 
from the same hens cooled over night at 50° F (91.4 vs. 
81.3 Haugh Units) . 

It was also found that there was no difference in the 
quality of eggs (Haugh Units) laid throughout the day. 
Neither was there any relation between the quality 
(Haugh Units) of eggs and their position within the 
clutch. 

With layers (sisters) in cages 'and on the floor in 
the same pen, the eggs produced by the hens in cages 
were slightly larger (58.6 gr. vs. 57.2 gr.), had better al
bumen quality (76.3 vs. 72.7 Haugh Units), higher thick 
albumen (6.0 mm. vs. 5.5 mm.), and thicker shells (.0152 
in. vs .. 0145 in.). However, the incidence of all blood and 
meat spotS was higher in eggs produced in cages (7.7 
percent vs. 5.2 percent) and the rate of egg production 
was lower in caged layers by about five percent. 

Interior egg qualiry tends to decline with age of bird, 
but this decline is mostly during the first six months of 
production, and thereafter the decline is very slow. 

ApPLICATION OF RESULTS AND BENEFITS REALIZED: 

Results obtained indicate that caged layers produce 
eggs of slightly higher albumen quality than their sisters 
on the floor, but their eggs contain more meat and blood 
spots ; and they produced about five percent less eggs. 

There appears to be no difference in the rate of loss 
in quality of eggs produced by layers in cages and their 
sisters on the floor. 

These results may be helpful in guiding producers 
with respect to the use of cages or floor management. 
(Project 17) 

Factors Affecting Feed Efficiency in Broilers 

E. M. Funk, J. E. Savage 

OBJECTIVES: 

A. The effect of amino acids and unidentified growth 
factors on rate of growth and feed efficiency in broilers. 

REPORT OF PROGRESS : 

"Unidentified growth factor activity" in fish products, 
dried whey, and dried distillers solubles was tested in a 
g.rowth trial with broilers. Ration 56-28 was used as a 
control and was made up of corn, soybean oil meal, min
erals, vitamins, a coccidiostat and contained three percent 
of fish meal and 2.5 percent of dehydrated alfalfa meal. 
Duplicate groups of straight-run broiler strain White 
R.ocks were fed the test diets for a nine-week period. The 
"unidentified growth factor" supplements tested were 
fish solubles, dried whey, and distillers dried solubles. The 
fish solubles replaced the fish meal in Ration 56-28, and 
the dried whey and distillers dried solubles were added 
with the fish meal present. Adjustments were made in 
the corn and soybean oil meal content to maintain equal 
protein levels. These rations were also compared with a 
ration similar to one suggested by the Animal Nutrition 
Research Council. 

No significant differences in growth or feed efficiency 
were observed with any of the supplements. The conclu
sions that might be drawn from this trial were: 

1. Growth and feed efficiency on the relatively sim
ple corn-soy diet supplemented with three percent of fish 
meal and 2.5 percent of dehydrated alfalfa meal was equal 
to that on the modified ANRC type ration which con
tained fish solubles, dried whey, and additional vitamins. 

2. Three percent of fish meal was replaced by three 
percent of condensed fish solubles with no difference in 
growth or feed efficiency. 

3. Addition of three percent of dried whey, five per
cent of distillers dried solubles, a combination of three 
percent dried whey and five percent distillers solubles to 
the ration containing three percent of fish meal did not 
improve growth or feed efficiency. (Project 24) 
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Testing the Performance of Different Strains and 
Crosses Of Poultry 

E. M . Funk, Q. B. Kinder, A. B. Stephenson 

PROGRESS REPORT : 

I t has been found that, (a) Careful testing should be 
practiced before offering any cross for sale. particularly a 
White Leghorn x heavy breed. (b) Experiments should be 
made to determine how much of their difference is due to 
genetic effects and how much due to maternal effects with 
special reference to leucosis. (c) Many commercial crosses 
have not been tested before offering for sale. 

The best strain and breed crosses performed almost 
as well as the best hybrids; whether repeatability with 
these specific crosses would be as good with hybrids is 
questionable. Variations in adult viability accounted for 
the greatest part of the difference in overall performance. 
A study of survivors egg production indicated little dif
ference in rate of lay of the better crosses and hybrids 
from sexual maturity. (Project 26) 

Care of Hatching Eggs 

E. M. Funk, Bobby Jones, James Forward 

REPORT OF PROGRESS: 

Eggs incubated in an upright position (small end 
down) hatched relatively more chicks than eggs held in a 
horizontal position; 73.4 percent to 76.7 percent as com
pared to 70.4 percent to 72.5 percent. 

Turning eggs through 90° to 150° improved hatch

ability as compared to 60° turning. Turning through 90° 
gave the best results. 

There appeared to be no advantage in cooling hatch
ing eggs soon after laying. Our data indicate that eggs 
held at room temperature may hatch slightly better than 
those placed in the cooler the day laid. 

However, we were unable to improve hatchability 
by pre-incubating chicken eggs. 

The present practice of incubating eggs with small 
end down and turning such eggs through 90° (45 ° each 
way from the upright vertical position) appears to be the 
best position and turning practice. (Project 40) 

Determination of Thyroxine Secretion Rate of 
Growing Turkeys 

E. M . Funk, H. V. Biellier 

OBJECTIVE: 

A . Effects of hormones on growth and fattening of 
turkeys. 

REPORT OF PROGRESS: 

A. Effects of hormones on growth and fattening of 
turkeys. 

Trial No. 1 

The first trial of 1956 consisted of testing the effect 
of continuous feeding of dienestrol diacetate. a synthetic 
estrogen, to turkey poults from six to twenty weeks of 
age. The variety of Thompson's Large Broad White was 
used and 250 day-old poults were purchased January 5, 
1956. 

The poults were brooded in batteries up to six weeks 
of age and then transferred to a confinement shelter of 
pole-frame construction with compost litter and an open 
front. The poults were fed a complete 28 percent all-mash 
starter during the brooding period. The hormone, di
enestrol diacetate, was mixed thoroughly with the feed at 
levels of 0.25, 0.50, and 0.75 pounds of " Lipamone," a 
commercial product, per ton of feed. Lipamone is a dry 
form that contains 63.5 grams of dienestrol diacetate per 
pound. One lot of fifty poults received the basal ration 
only and served as controls. A fifth lot of poults received 
the treatment of 0.50 pounds of Lipamone and 40 grams 
of male hormone, testosterone, per ton of feed from six 
to sixteen weeks of age. At sixteen weeks of age, the 
treatment was changed to one pound of Lipamone per 
ton of feed. 

The poults were weighed at six we,eks of age, and 
a random distribution was made between the five lots or 
pens of the test. Body weights were obtained every two 
weeks, and the U. S. market grade determined for all 
birds at the time of slaughter at 20 weeks of age. 

The average body weights are shown in Tables ~ and 
2. 

TABLE 1. EFFECT OF FEEDING DIENESTROL DIACETATE TO MALE TURKEY POULTS 
ON AVERAGE BODY WEIGHT IN POUNDS. 

Treatment No. Age in Weeks 
Lipamone (lbs.) Birds 6 8 10 12 14 16 18 20 

None •..•. . . 28 2.5 3.8 6.1 7.2 9.8 12.4 13.7 15.8 
(C~mtrols) 

18 .25 ..•... 2.5 4.1 6.5 7.6 10.3 12.5 14.4 16.3 
.50 ..•..• . . . 20 2.5 4.0 6.4 7.7 10.2 12.5 14.2 16.3 
.75 •. .... . . . 20 2.5 4.0 6.4 7.9 10.3 12.2 13.7 15.5 
.50 + Male H •• . 17 2.5 4.0 6.1 8.1 10.6 12.7 14.7 16.5 
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TABLE 2. EFFECT OF FEEDING DIENESTROL DIACETATE TO FEMALE TURKEY POULTS 
ON AVERAGE BODY WEIGHT IN POUNDS. 

Treatment No. 
Lipamone (lbs.) Birds 6 8 

None (controls) .• 18 2.1 2.9 
.25 ..••..• 30 2.1 3.2 
.50 .. . •••..•.•. 26 2.2 3.2 
.75 .. ........... .. .. .. .. 26 2.2 3.2 
. 50 + Male H ••.. ... 28 2.1 3.1 

All poults were slaughtered at 20 weeks of age and 
graded as to U. S. Grades. (Project 72) 

Factors Affecting The Quality Of Shell Eggs 
On the Market 

REPORT OF PROGRESS : 

There was no significant difference in the interiQr 
quality (Haugh Units) of eggs laid each hour throughout 
the day. There was no difference in interior quality of 
eggs within a clutch (eggs laid on consecutive days.) 

Holding eggs in a sealed container (Cry-o·vac bags) 
minimized loss in albumen quality. This was likely due 
to retaining carbon dioxide within the eggs. 

The albumen quality of eggs laid by layers at the 
end of the first and second year of production was ap
proximately the same. Eggs cooled soon after laying re
tained their quality unusually well. 

Since rapid coolin:- .non after laying and holding in 
a sealed container hc..!J:' maintain quality in shell eggs, a 
combination of the two rr "thods should give the most 
desirable results. (Project 161) 

Systems of Breeding for Poultry Performance 

E. M. Funk, Q. B. Kinder, A. B. Stephenson, Bobby Jones 

OBJECTIVES : 

The objecti1)e of the Missouri Agricultural Experi
ment Station's breeding project is to compare the rates of 
improvement from recurrent selection and the intra-flock 
methods of breeding. The intra-flock method is basically 
that of a closed flock. The difference being that outside 
blood on a trial basis is occasionally introduced in small 
amounts. The introduced stock becomes a permanent part 
of the intrajlock population only if the combining ability 
appears good. 

PERFORMANCE IN 1955 : 

In general the intra-flock Leghorns show a higher 
fertility and hatchability than d9 the test crosses. If any 
real differences exist between the intra-flock Leghorns and 
test crosses in viability, eight week weight, or 22 week 
weight it is very small. 

The data show that by January the test crosses were 
averaging about one-half pound heavier than the Leghorns. 
The test crosses were also laying eggs which averaged 
about one ounce per dozen heavier. This difference in egg 

10 
4.5 
4.9 
4.9 
5.0 
4.9 

12 14 16 18 20 
5.2 6.8 8.2 9.0 10.4 
5.5 7.4 8.8 10.0 11.0 
5.5 7.3 8.7 9.8 10.8 
5.9 7.7 8.9 9.9 10.7 
5.8 7.6 9.0 10.1 11.1 

size is probably associated with differences in body size 
and not to specific inheritance of egg size related to meth
ods of breeding. The mean difference between the intra
flock Leghorns and the test crosses in age at sexual ma
turity is very small. However, if we break this down ac
cording to whether the male or female parent was a Leg
horn it appears that the Leghorn male on heavy females 
gives an earlier sexual maturity than the straight intra
flock Leghorns while the test crosses involving heavy 
males and Leghorn females were somewhat slower in 
sexual maturity. The apparent advantage of earlier sexual 
maturity with the Leghorn male is somewhat offset by 
higher mortality. Where the male parent was a Leghorn 
the viability in the laying house was 85 percent while the 
reciprocals of the same matings gave 92 percent livability. 

A comparison of the various groups on annual pro
duction from first egg, which eliminates the influences 
of sexual maturity, shows some advantage to the test 
crosses. The test c.l'Osses involving R3 males appear to 
give exceptionally good production. A comparison of egg 
production for the year from time of housing shows 
some of the test crosses to be equal to the intra-flock 
Leghorns. Some test crosses appear to be definitely lower 
in production and none superior to the Leghorns. 

PERFORMANCE FROM 1951 THROUGH 1955 : 

The data show the deviations of the test crosses and 
parental strains from the mean of the intra-flock Leghom 
population from the same year. In previous reports from 
this station this deviation has been measured from the 
mean of the same intra-flock breeds as were involved in 
the test cross. For example, the test cross H6 on La would 
be compared to the mean performance of intra-flock New 
Hampshires and intra-flock Leghorns. The greater the 
maintenance requirement for breeds such as New Hamp
shires over that of Leghorns and the relatively small dif· 
ference in meat value at the end of the laying year, has 
made the small type bird preferred for economical egg 
production. These test crosses are made primarily for egg 
production, so a comparison to the intra-flock Leghorns 
would be of more economic importance. The intra-flock 
New Hampshires and Rhode Island Reds are no longer 
carried at the Missouri Station so the former comparisons 
can no longer be made. 

The percentage fertility of practically all of the test 
crosses is less than that of the intra-flock Leghorns. The 
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test crosses in general also appear to be inferior to the 
intra-flock Leghorns, in hatchability. The difference in 
viability during the brooder and range period are small 
but rather consistently in favor of the intra-flock Leg
horns. Weights at eight and 22 weeks of age are rather 
consistently heavier for the test crosses with two excep
tions. 

A consistent method determining egg production has 
not been followed during this experiment. Because of 
this lack of uniformity, the data on the deviations of the 
test crosses are not available for all the years. Judging 
from these incomplete data there appears to be little or 
no advantage of the test crosses over the intra-flock Leg
horns. A comparison over the full period of the experi
ment will give more information on this important point. 

Egg production in the intra-flock Leghorns has in· 
creased about 10 percent during eight years. This rate of 
improvement is equal or slightly better than that of the 
recurrent selection. 

WORK PLANNED FOR THE FUTURE : 

The test crosses are not showing the advantage over 
the intra-flock Leghorns that they did over the mean of 
the intra-flock parental breeds involved in the test cross. 

The inbreeding coefficients have been brought up to 
date and are somewhat less than anticipated. It is plan-

ned to bring in some new inbred lines with greater 
genetic uniformity. (Project 164) 

OBJECTIVES : 

System of Flock Replacement 

E. M. Funk, Q. B. Kinder 

A. Comparison of range and confinement reared pullets 
for egg production. 

B. Development of a compact, profitable farm poultry 
unit for egg production. 

REPORT OF PROGRESS : 

A. Comparison of range and confinement reared pul
lets for egg production . B. Development of a compact, 
profitable farm poultry unit for egg production. Combined 
unit of brooding room, growing pen, and three laying 
pens in the same building has been in operation since 
February 10, 1955. Seven broods of chicks have been 
started to date. The first three broods starred February 
10, June I, and September 1, 1955, have completed their 
year's lay. 

The following observations on seasonal and yearly 
effects of this system of flock replacement on performance 
of White Leghorns for egg production are reported. 
Three hatches were studied . 

TABLE 1. MORTALITY RATE BY DATE OF HATCH - 1955-56 

Hatch Date 
February 10 •. 
June 1. ... 
September 1 

Average .. 

0-12 Wks. 

1.0 
2.8 
3.6 

2.5 

Mortality rate during the growing and laying period 
of 0-76 weeks was not adversely affected by either date 
of hatch or system of replacement. The mortality rate 
was low in each of the three broods ( average 11.1 per-

Percent Mortality by Periods 
12-24 Wks. 24-72 Wks. 

7.0 4.0 
4.0 2.9 
3.4 5.0 

4.8 4.0 

Total 
12.0 
9.7 

12.0 

11.1 

cent) although they were brooded, grown out, and kept 
for laying in adjoining pens on old built-up litter dur
ing February, June, and September. 

TABLE 2. CULLING RATE BY DATE OF HATCH. 1955-56 
Hatch Adults Culled by 12-Week Age Periods Av~. No. Birds (%) 
Date 24-:J6 :J6-48 48-60 60-72 Total Original Actual* 

% % % % % % 
Feb. 10 0.0 0.0 1.0 2.0 3.0 96.9 96.9 
June 1 2.7 7.3 15.4 17.3 42.7 82.4 88.6 
Sept. 1 8.2 20.9 10.1 12.7 51.9 66.8 83.6 

Average 3.7 9.3 8.8 10.7 32 .5 82.0 89.7 

* System permitted retaining birds from older hatches at culling time and adding to younger pens to maintain numbers. 

Adult culling rate was much higher in the June and 
September hatches compared to the February hatch dur
ing their laying year. In general, the different broods 
tended to cease to lay and go into a molt from July to 

December regardless of date of hatch and length of time 
in production. Several years' work will be necessary to be 
conclusive on this point. 
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TABLE 3. YEARLY EGG PRODUCTION! EGG WEIGHT, AND FEED CONSUMPTION 
Eg~ Production 

Hen Housed 
Hatch Date Eggs % Eggs 

February 10 227.0 62.3 230.0 
June 1 194.4 53.4 219.4 
September 1 172.8 47.5 206.6 
Average 198.1 54.3 218.7 

Egg production on a hen day basis was 230.0, 219.4, 
and 206.6 eggs for the February, June and September 
hatches, respectively, from 24 to 76 weeks of age. Due 
to the management and use of artificial lights there was 
little difference in the age to sexual maturity. Egg size 
averaged higher for the February hatch. The June and 
September hatches did not reach maximum egg size be
fore summer hot weather, and, consequently laid smaller 
eggs a longer period of time. They did not improve in 
egg size until cool weather. Feed efficiency per dozen 
eggs varied inversely with the rate of production as 
would be expected except for the June hatch which was 
second high in egg production but the best in feed ef
ficiency. Difference in egg size could be a factor. Overall 
feed efficiency was good with an average of 4.56 pounds 
per dozen eggs. 

In general, this system of flock replacement reduced 
brooding and growing area to one·third of that required 
for single brood systems. It maintained an average laying 
population of 89.7 percent of number of pullets started 
or 95.8 percent of laying capacity, compared to about 82 
percent of capacity for the average commercial poultry
man. This higher percentage of housing capacity utilized 
was due to (a) each brood could utilize the growing pen 
from two to six weeks for egg production, and (b) when 
the oldest pens were disposed of, the better birds from 
this pen were used to build back the populations of the 
other pens reduced by culling and mortality to full ca
pacity. 

The use of three hatches per year tended to even 
out seasonal variations in production with only October 
falling below 50 percent production on a hen day basis. 
On a hen housed or capacity basis, the production drop
ped to slightly below 50 percent from July to October. 
Seasonal daily variation of salable eggs on the 300 hen 
unit varied from a low of 123- eggs in October to a high 
of 210 eggs in January. The three hatch system more ef
fectively produced an even flow of all size grades of eggs. 
Although the yearly percentage of large and extra large 
eggs was slightly reduced, the percentage of eggs in these 
classes from July to November was increased. This offers 
some good possibilities for the producer of graded eggs 
for direct sale to consumer or retailer in that it gives a 
more even flow of eggs of various grade sizes than do 
conventional single brood systems. (Project 244) 

Hen Day Egg Feed! 
% Size Hen 

63.7 23.6 87.1 
60.1 23.2 77.6 
56.8 23.1 82.6 
60.2 23.3 82.8 

Rations for Laying Hens 

E. M. Funk, Q. B. Kinder, J. E. Savage 

OBJECTIVES: 

Feed/ 
Doz. 
4.54 
4.25 
4.80 
4.56 

A. Study of the effict of changing the energy level of the 
ration on productive performance of laying hens. 

B. Effict of unidentified nutritional factors on hatch
ability. 

C. Effect of maternal diet on performance of progeny. 

REPORT OF PROGRESS: 

A. Study of the effect of changing the energy level 
of the ration on productive performance of laying hens. 
The effect on egg production of two different feed energy 
levels is being studied. Triplicate groups of 200 pullets 
of Leghorn and Leghorn x Red crossbreds receive each 
ration. Ration L is used as the control ration; and except 
for the additional B vitamin as in Ration H .E., it is 
similar to a ration that has been used satisfactorily at this 
station for a number of years. Ration H.E. contains less 
fiber and provides a higher energy content. These rations 
contain approximately 20 percent protein and corn and 
oats are hand-fed daily. 

B. Effect of unidentified nutritional factors on egg 
production and hatchability. The White Rock broiler 
strain hens used for this study were divided into the vari
ous pens on the basis of eight-week weight and appar
ent degree of sexual maturity. Egg production records 
began November 15, 1955, and ended September 15, 1956. 
All rations were fed to duplicate floor pens of 25 hens 
each except for the basal diet which was fed to four floor 
pens and one pen of 25 hens on a raised wire floor. 

C. Effect of maternal diet on performance of proge
ny. In addition to average weights for each hen ration, 
all chicks' weights receiving basal diet 4436 were aver
aged and compared with the supplemented diet 4388. 

Chicks hatched from hens receiving a corn-soy ra· 
tion grew as well as those chicks hatched from hens fed 
the corn-soy ration plus fish solubles, dried whey, or dried 
distillers solubles when all chicks received a corn-soy type 
chick diet. This was also true when chicks were fed a 
corn-soy diet supplemented with a combination of the 
supplements in the hen diets. All groups that received 
the supplemented chick diet grew at a significantly faster 
rate compared to the unsupplemented chick diet. (Project 
255) 
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Nutritional Requirement of the Chick 

E. M. Funk, J. E. Savage 

OBJECTIVES: 

A. To determine the amino acid requirements of the chick 
for maximum growth. 

B. To determine the requirement of the chick for unrecog
nized growth factors. 

REPORT OF PROGRESS: 

A. To determine the amino acid requirements of 
the chick for maximum growth. Straight-run S.C White 
Leghorn chicks were used to determine the requirement 
of the chick for methionine during early growth. The 
composition of the basal ration containing 30 percent of 
crude protein is shown. Soy protein and cerelose were 
adjusted to give 20 to 40 percent protein rations. The 
growth response of the chicks on the different protein 
levels and at varying methionine levels were recorded. 

Maximum growth was attained at total cystine plus 
methionine levels of .9, 1.2, and 1.3 percent .oJ 20, 30 and 
40 percent protein diets. It is evident that the amino acid 
requirement does increase as the protein content of the 
diet increases but not in direct proportion. 

B. To determine the requirement of the chick for 
unrecognized growth factors. The effect of antibiotics and 
various sources of unrecognized growth factors on chick 
growth rates were recorded. Chicks used in these trials 
were day-old sexed males from broiler strain White Rock 
hens with a known nutritional history. Chicks were dis
tributed equally from the different hen nutrition groups. 

Egg yolk was tested as a possible source of unidenti
fied growth factors. The chicks used were S. C White 
Leghorns hatched from hens kept in laying cages and fed 
either a diet of rolled oats, minerals, and vitamins or a 
soybean protein purified diet. The composition of the 
chick diets was studied. (Project 277) 

Factors Ahecting Chicken Reproduction 

E. M . Funk, H. V. Biellier 

OBJECTIVES: 

A. The effect of varying day lengths on time of oviposi
tion in the domestic fowl. 

B. Maintenance of egg pro~uction in yearling hens. 

REPORT OF PROGRESS : 

A. The effect of varying day lengths on time of ovi
position in the domestic fowL Work was begun on this 
phase of the project early in the year of 1956. One-hun
dred S. C White Leghorn female chicks that were hatched 
January 21, 1956 were utilized in this study. The breed
ing of the chicks was considered good for high egg pro
duction and was made up of the pure line of Leghorns 
maintained at the Poultry Department. 

The pullets were brooded in floor pens and grown 
to sexual maturity in confinement quarters provided in 
pole-frame summer shelters. The management, growing 
ration and care of pullets were the same as that provided 
all regular flock replacement young stock. 

Repair and rearrangement of a basement room was 
carried out in order to provide a "light-tight" environ
ment with the effects of temperature and normal daytime 
cycles reduced to a minimum. Forty-eight individual lay
ing cages were installed on a single level within the base
ment room. An exhaust fan and two air intakes provided 
proper controlled ventilation. A double "on" and "off" 
cycle timer was installed in the overhead artificial light 
circuit. This timer provides the flexibility of maintaining 
a duration from 0 to 44 hours in either the lighted or 
non-lighted periods which alternate. 

An automatic oviposition recorder was designed, 
constructed and placed in operation to record the time of 
lay every 15 minutes throughout the testing period. Each 
individual cage is wired with an electrical circuit that is 
in turn routed through an electromagnet stylus that re
cords on a smoked kymograph drum. Daily removal of 
recording is made and coated with shellac for protection 
and final analysis of data. 

The test house is located at a distance from any 
other chickens on the farm to alleviate possible stimulus 
to activity at irregular hours of the test periods. A com
plete' all-mash laying ration containing 16 percent protein 
is kept before the birds at all times. The pullets were 
transferred from the rearing quarters to the laying cages 
at six months of age. 

The experimental trials of testing the effect of vary
ing the length of light and dark periods were begun 
September 16, 1956. The following day periods made up 
of one-half artificial light and one-half total darkness for 
two weeks. 

B. Maintenance of egg production in yearling hens. 
During the year of 1956 a trial was made of 1479 S. C 
White Leghorns and Leghorn x heavy breed cross hens 
during their second year of egg production. The hens 
were transferred from their regular laying quarters to five 
pens of summer laying shelters from July 9 to 16, 1956. 
Birds from each source were carefully randomized into 
each of the five experimental pens. 

The pens were constructed to accommodate 300 hens 
each and contained regular laying house equipment. A 
20 percent protein laying mash was kept before the birds 
at all times, and oats and corn were hand-fed daily at 
the rate of four and six pounds, respectively, per 100 
birds. Time clocks were installed in order to regulate the 
artificial light received by each pen. 

All pens were subjected to regular daylight during 
the month of July. On August the first treatment of ex-
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peri mental pens was begun with artificial light. Pens 
numbered one and two were started on a total of 15 
hours of natural and artificial light on August 1, and the 
light was progressively increased to a total of 16 hours on 
December 1. Pens numbered three and four received a 
constant total of 14 hours of natural and artificial light 
from August 1 to December 1. Pen number five received 
no artificial light and served as controls. (Project 292) 

Thyroxine, Androgens and Estrogens in Chickens 
and Poults 

H. V. Biellier 

OBJECTIVES : 

A. The determination oj the thyroid secretion rate oj 
fowl subjected to varying environmental conditions. 

B. Control oj sex in day-oid chicks and poults. 

REPORT OF PROGRESS : 

A. The determination of the thyroid secretion ratl: 
of fowl subjected to varying environmental conditions. 
This area of investigation was not activated during the 
year of 1956. A precision rate meter, model CRM-560 

* * * 

and a NRD "Radimax" scintillation counter have been 
allocated to this phase of the project. 

Trial data collection series were obtained of growing 
turkey poults receiving graded levels of thyroprotein . 
Thyroid gland weights of poults receiving thiouracil and 
thyroprotein was compared to in vivo count rates obtained 
by use of the isotope p al. All data are considered prelim
inary and basic to procedure for future usage. 

B. Control of sex in day-old chicks and poults. Ex
perimental tests were conducted on fertile eggs that were 
obtained from a cross of New Hampshire x Delaware 
chickens that were mated by a breeder at Potosi, Missouri. 
This mating was used in order to obtain sex-linked chicks 
that may be separated as a genetic sex at the time of 
hatching by examination of down color. 

All eggs were incubated under standard conditions 
and the resulting chicks were reared in existing brooding 
facilities at the Department of Poultry Husbandry. A 
standard chick starter all-mash ration containing 21 per
cent protein was fed throughout the growing period. All 
chicks were vaccinated intranasally at one day of age with 
Newcastle vaccine. (Project 296) 

* * 

Rural Sociology 
C. E. Lively, Chairman 

Factors Affecting Dissemination and Use of Scientific 
Farm Information 

C. E. Lively, H. F. Lionberger, John S. Holik, 
E. W. Hassinger 

REPORT OF PROGRESS : 

Objective A . 
1. The Clarence community manuscript previously 

reported was revised and is ready for editing. 

Objecti1!e B. 
1. Data needed for selection of two widely contrast

ing communities for intensive study were collected and 
analyzed. The Fairfax trade area community in Atchison 
County and the Cabool trade area community in Texas 
County were accordingly selected. 

2. A 22 page schedule designed to obtain pertinent 
information regarding factors involved in decisions to 
change farm practices and purchase farm supplies was 
formulated after two series of pre-testing. 

3. All but three of the farmers in the Fairfax trade 
area (about 240 in all) were interviewed and about 75 in
terviews will have been completed in the Cabool area 

by March 1. Needed adaptations were made in the sched
ule before starting work in the latter community. 

4. Neighborhoods have been delineated in both areas 
and the prestige structure defined in the Fairfax area. 

5. Preliminary editing has been completed on all 
schedules collected. 

6. A schedule was formulated to determine television 
viewing habits of open country husbands and wives in 
Boone County with particular reference to farm and home 
shows. Consideration was also given to the influence of 
these shows on viewers and to obtaining information 
needed for more effective television programming. 

7. A total of 226 households was included in the 
study. This was no more than five households short of 
the carefully defined 10 percent sample. 

8. Data from the Boone County study have been 
coded, punched on IBM cards, and some 50 basic tables 
have been run. 

Although no systematic analysis of these data has 
been made, some salient facts readily seen from the tables 
are as follows: 

(a) About 71 percent of the open country households 
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owned television sets. Percentages for farm and non-farm 
households were 62 and 83, respectively. 

(b) Only 54 percent of the open country sample 
consisted of fulltime farmers; 46 were engaged in some 
non-farm operation. 

(c) About 79 percent of the husbands in TV-house
holds had seen one or more of the farm and home shows. 
About 52 percent had seen them at least occasionally de
spite the very unfavorable hour of telecast. Eighty per
cent expressed a favorable attitude toward same and about 
20 percent appeared neutral. None expressed a dislike for 
these shows. 

(d) Almost one-third of the total number of hus
bands (37 percent of the farmers and 28 percent of the 
non-farm) did something about what they saw. This in
cluded a trip to the county agent for more information, 
writing for a bulletin, and talking to someone else about 
the show. (Project 29) 

The Rural Church In Missouri-Trends and 
Problems 

C. E. Lively, L. M . Hepple 

OBJECTIVES: 

There are eight parts to the report of this projea 
in Rural Missouri at the Midpoint of the Twentieth 
which are to be published under the title of The Church 
Cmtury. 

1. Introduction. 
2. Religious Groups in Missouri. 
Parts one and two are to be published in the first 

bulletin. The manuscripts have been completed except for 

some final editing. 
3. Clergymen in Rural Missouri. 
Part three is to be published as the second bulletin. 

The manuscript will be available for publication within a 
few weeks. . 

4. Index of Religious Group Action. 
5. Comparison of Rural and Urban Churches and 

Clergymen. 
Parts four and five are to be published as the third 

bulletin. The final editing of these two manuscripts should 
be completed by the summer of 1957. 

6. Spatial and Social Relationships of Rural 
Churches in Six Selected Areas. 

Part six is to be published as the fourth bulletin. It 
is planned that the final editing and revision of this man
uscript will be completed so it will be available for publica

tion by the fall of 1957. 
7. What Rural People Think of Rural Churches. 
Part seven is to be published as the fifth bulletin. The 

preliminary manuscript has been prepared, and it should 
be possible for the completed report to be available for 

publication by the end of 1957. 

8 . Summary and Interpretation. 
Part eight is to be published as the sixth bulletin. 

Although some preliminary work has been done on part 
eight, it cannot be completed until the preceding seven parts 
are available for publication. It is anticipated that the 
manuscript for part eight will be available for publica
tion early in 1958. 

REPORT OF PROGRESS: 

Many of the findings of major importance have been 
reported in previous annual reports which have designated 
the progress each year on the several parts of this in
vestigation. The work of the past year has been concerned 
primarily with the revision of manuscripts for publication. 

The detailed report of the approximate time sched
ule for the publication of The Church in Rural Missouri 
at the Midpoint of the Twentieth Century is given in 
item six. (Project 143) 

Cultural Factors Affecting Illness 
In Missouri Rural Areas 

OBJECTIVES : 

C. E. Lively, R. L. McNamara, 
Edward Hassinger, Mary Bonwell 

Objectives (a), (b), and (c) as listed on page two of 
the Major Project Pian are included in this progress re
port. 

REPORT OF PROGRESS: 

As planned, field study was conducted and com
pleted in Harrison County, Missouri. A random sample 
of farm and other open country households numbering 
150 were interviewed. Schedule materials are in the pro
cess of being coded and tabulation plans are ready. This 
second county studied is representative of Social Area A 
and together with the previous county studied from Area 
D now form the basis for contrasting cultural factors as 
health determinants in two different social areas of the 
State. 

Data have been obtained on the extent of illness and 
the use of organized health services; on paying for health 
care; and on attitudes and opinions of rural people to
ward physicians and toward scientific care of illness; and 
on health practices and preventative measures. As was 
done in Laclede County the previous year, a hospital dis
charge study has been conducted in Harrison County to 
provide data on extent of hospitalization, use of insur
ance plans, cost, type and duration of hospital care. Final
ly, a series of interviews have been held with key people 
in the county such as physicians, nurses, agricultural and 
welfare leaders, to provide a series of narratives bearing 
on the same subjects as were used in the household in
terviews. (Project 201) 

-106-



Human Factors in the Selection of Food, 
Consumption Patterns, and Relationship 

to the Market 

C. E. Lively, C. T. PihlMad, L. G. Malone, 
Mary B. Bowman, C. L. Gregory 

OBJECTIVES: 

Work covering objective A is included in this 
report. No other objectives have been active during the 
year. 

REPORT OF PROGRESS: 

During the year preliminary investigation has been 
directed toward the identification and description of mo
tives influencing people in their purchase of food. About 
85 interviews have been held with women in Columbia, 
Missouri concerning the qualities they look for in food 
purchases. The interviews have utilized a number of ap
proaches, and have ranged from visits in the homes with 
a taped recording of an extended conversation on food 
buying to visits to the grocery stores during which the 
interviewee explained how and why she was selecting a 
particular item. 

This preliminary work has identified six major mo
tives, or values that a shopper tries to satisfy in her pur
chase of food. These motives or values have been given 
the following names. The order of the listing does not 
signify their relative importance in the market place. 

1. Economic motive. A consciousness of cost in the 
purchase of a food commodity, tending toward the selec
tion of less expensive foods at a sacrifice of other desira
ble qualities. 

2. Nutrition. The selection of food with a conscious 
effort toward securing balanced diets and healthful indi
vidual 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 pat
tern. 

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. 

Several other minor motivational patterns have been 
identified, but as yet have not been completely defined. 
Some of these may prove to be of major importance in 
the subsequent work on this project, but as yet do not 
have that significance. 

A considerable amount of work is anticipated in 
showing the relative importance of these motives and in 
showing how their importance may differ from one popu
lation group to another. Some of the data already assem
bled suggest that considerable differences are to be found. 
For example, it appears that skilled worker families are 
influenced much more by the desire to satisfy their taste 
than any other motive, and it is only at a fairly high edu
cational level that people become conscious of nutritional 
qualities in the purchase of food items. (Project 266) 

Small Community Development 

C. E. Lively, Gertrude B. McMillan 

OBJECTIVE: 

N o findings can be reported at this time as the re
ports of achievement have not yet been available for analy
sis. Analysis will be made prior to June 30, 1957. Some 
65 community reports have been turned in portraying 
achievement during the year 1956. 

REPORT OF PROGRESS: 

The work this first year was concerned with the 92 
small communities that had agreed to work on an im
provement plan during the year. These communities were 
all visited and a progress conference was held with the 
planned progress committee. At the end of the calendar 
year, the reports of the year's work were submitted and 
graded. Some 65 reports were scored and nine were se
lected for encouragement prizes provided by the Union 
Electric Company. Eleven others received honorable men
ticin. An analysis of all reportS will be undertaken to de
termine how these communities organized for work, and 
what types of project were undertaken. (Project 306) 

* * 

Soils 
w. A. Albrecht, Chairman 

Character and Development of Heavy Clays in 
Missouri Soils 

C. E. Marshall, C. M. Woodruff 

OBJECTIVES: 
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different aspects of these investigations range from plant 
root-clay interactions to the breakdown of primary miner
als by weathering processes. 

REPORT OF PROGRESS: 

The work is summarized under three headings: (1) 
Electrochemical investigation of soil colloids, (2) Minera
logical and chemical investigation of soil profiles, (3) 
Surface reactions of minerals. 

(1) Electrochemical investigation of soil colloids. This 
aspect has been pursued only in connection with the 
standardization of clay systems with regard to nutrient 
cations (K, Mg, Ca) for the growth of soybeans in a green
house experiment (Higdon) . The mean for bonding ener
gies of these cations was determined and is hoped to re
late the uptake by plants to these bonding energies. The 
greenhouse experiment was only concluded in July, 1956, 
and the results are still being evaluated. 

Part I. The reactions of feldspar surfaces with acidic so
lutions. Part II. Reactions of feldspar surfaces with salt 
solutions." 

Feldspar surfaces were found to be very peculiar ex
changes. The exchange capacity varied greatly with the 
cation and with the previous history of the surface. The 
ammonium ion was extremely effective in displacing 
other cations and was itself partly fixed in non-exchange
able form. Potassium, strontium and magnesium were not 
fixed in this way. Magnesium gave a much lower ex
change capacity than other cations. It was concluded that 
the cation exchange sites were of two main kinds, (1) 
external and freely accessible as given by magnesium, 
(2) a zone of adjustment in which the three dimensional 
structure of the feldspar is modified to accommodate 
water molecules so that exchange of suitable cations is 
possible. 

The exchange properties and stability toward acids 
of other silicate minerals have also been investigated in a 
preliminary way. The action of water, hydrochloric acid 
and ammonium chloride has been studied for the fol-
lowing minerals: hornblende, angite, tremolite, biotite, 
muscovite, manganite, and also for a commercially avail
able ground granite. The data are under study for com
parison with the feldspars and for the planning of more 
elaborate experiments on cation exchange. (Project 6) 

Effect of Deep Fertilization on Runoff 
And Yields of Corn, Wheat and Alfalfa 

George Smith, P. M . Smith, Jim Roth 

(2) Mineralogical and Chemical investigations of soil 
profiles. The work completed earlier on the Lindley soil, 
. of glacial origin, has been prepared for publication as a 
research bulletin. The investigation on the Hagerstown 
soil was completed by J. E. Brydon. This material is also 
being prepared for publication as a research bulletin. This 
profile is of special interest because of the high clay con
tent at great depth, just above the limestone rock. Many 
limestone soils show this characteristic. Unfortunately 
the original parent material was not of sufficient uniformi
ty to enable calculations of losses and gains from different 
parts of the profile to be made. An important constituent 
of the coarse clay was found to be a hydrous mica, inter-
mediate in composition and properties between glau- REPORT OF PROGRESS: 
conite and illite. Runoff from Deep Treated Areas. Rainfall was below 

(3) Surface reactions of minerals. The investigations on normal and the runoff from terraced fields, planted to 

cation exchange by feldspar surfaces were completed and soybeans, was not significantly affected. The results given 
have been published in form of two research bulletins, in the following table show a slightly greater water loss 
613 and 614, "The Surface Reaction of Silicate Minerals. from the area that had received deep treatment. 

RUNOFF BY PERIODS FOR SOYBEANS DURING 1956 ON DEEP TREATED AND CHECK AREAS 
ON TERRACE FIELD 6, McCREDIE 

Runoff Amount 
Cover Period Rainfall Check Deep Treated 

Corn Stalks 1/1-3/27 
Soybeans 3/28-9/29 
Soybean Stubble 9/20-12/31 
Total 

During the year when a total of 28.86 inches of rain 
fell, measurements showed an evapo-transpiration loss of 
28.00 inches. 

The yield increases of corn and alfalfa obtained in 
1955, from treatments applied in the fall of 1954, were 
not obtained in 1956. YieJ.ds were high despite below 
normal rainfall, but differences in yield were small as are 
shown in the following table. 

1.92 
21.28 

5.66 
28.86 

Method 

None 

Plow Sole 

Plow 

Subsoil 

Subsoil 
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0 
1.45 " 
0 

1.45 " 

DeeJ2 Treatment 
Depth 
Inches SpaCing 

7 

7 18 

14 18 

20 21 

30 42 

0 
1.58" 
0 
1.58" 

Corn Alfalfa 
Subsoil Yield Yield 

Phosphate Bu Tons 

No 124.9 4.05 
Surface 129.7 4.19 
No 126.4 3.91 
Yes 129.1 4.22 
No 125.3 3.85 
Yes 125.1 3.58 
No 125.8 3.83 
Yes 130.4 3.93 
No 126.8 3.95 
Yes 123.0 3.79 



Soybean yields were about one bushel per acre lower 
on the area that had been subsoiled. 

There is a suggestion that the deeper placement of 
treatments or the subsoiling effects slightly reduced yields. 

Original deep treatments made in 1947 at McCredie 
showed a significant effect on alfalfa yields in 1956. Sub
soiling alone slightly reduced yields. The yields are shown 
in the following table. 

Check 
Subsoiled 

Alfalfa Yields- Tons Per Acre 
4.76T 
4.67 

Subsoiled + Deep Treatment 5.29 
Cooperative trials with subsoiling and deep tillage 

were conducted on soils in the Southeast Missouri area 
and one on the Soil Conservation Service Nursery at 
Elsberry. 

Significant increases in corn yields were obtained on 
medium textured soils for subsoiling about 19 inches 
deep in the Southeast Missouri Delta Area. Placement of 
fertilizer at this depth also gave generally small additional 
corn yield increases in the medium and coarse textured 
soils of this area. A substantial, but statistically question
able, average increase in cotton yield was obtained for 
subsoiling the finer clays as well as for the coarse tex
tured soils. 

Deep fertilization resulted in an average significant 
increase in cotton yield, but such an average increase was 
also obtained with extra fertilizer placed on the surface 
of silt loam soils. Deep placement of fertilizer in the 
sandy soils gave a significant ay.erage increase .in cotton 
yield. The extra fertilizer placed on the surface of the 
sandy soils resulted in a small and not significant average 
decrease in cotton yield. 

Shattering a "traffic pan" at Elsberry increased corn 
yields from 130.1 to 134.1 bushels per acre. (Project 70) 

Effect of High Fertility On Runoff 
And Erosion From Claypan Soils 

George E. Smith, P. M. Smith 

REPORT OF PROGRESS : 

Objective A and B: Effect of high fertility and mulch on 
runoff and soil loss. 

Soil and water losses were low during 1956 and at 
about the same levels in 1955. Rainfall for the year was 
low. The 9.2 inches of rain that fell in July was well 
distributed and a high percentage entered the soi!. Al
though the magnitude of soil loss and runoff was not 

RUNOFF AND EROSION LOSSES -- McCREDIE, 1956 

Continuous corn; starter fertilizer only (plowed) 
Continuous corn; full treatment (plowed) 
Continuous corn; full treatment (mulch) 
Corn in rotation; starter fertilizer only (plowed) 
Corn in rotation; full treatment (plowed) 

great (see following table) full soil treatment reduced 
the losses. 

Objective C: Relationships between runoff and soil loss 
from small fractional acre plots and from plans covering 
the full length of slope. 

There was nearly one inch less runoff from the full 
slope length contour farmed plots than from the short 
plots farmed up and down slope. All of the runoff occur
red during June and July. This was a 58 percent reduc
tion, sufficient to reduce the soil loss to about half that 
of the short plots farmed up and down slope. The rain 
intensity and duration were such that contouring gave 
excellent control, even when 9.2 inches of rain occurred 
in July. The yield of corn was increased 16 bushels per 
acre by contouring. (Project 77) 

EFFECT OF SIZE OF AREA ON CORN YIELDS, 
RUNOFF AND SOIL LOSS 

Small Plots 
Large Plots (contoured) 

Runoff 
1.52 in. 

.64 

Soil Loss 
1.00 tons 

.52 

Yield 
122.7 bu. 
139.1 

Runoff 

1.46 " 
1.52 
1.08 
1.00 
1.00 

Minor Soil Elements 

Erosion 
1.07 rons 
1.00 

.44 

.60 

.49 

W. A. Albrecht, C. E. Marshall, George E. Smith, 
E. R. Graham, Robert L. Fox, Robert Gast 

REPORT OF PROGRESS : 

Trace Elements and Quali~y of Seed Resulting. Data were 
assembled and published (Mo. Res. Bu!. 619, January 
1957) reporting the seed quality of wheat as measured by 
the release of inorganic phosphorus during germination. 
This is presumably due to the action of the enzyme phos
phatase on phytin liberating inorganic measure of the 
activities of seed changes during germination. Soil treat
ments which increased seed yields and decreased the 
phosphorus of the seed gave low values for phosphatase 
activities. In general, extra nitrogen as fertilizer increased 
the phosphatase activity in the wheat seed. Nitrogen in 
the form of urea sprayed on the growing wheat about 
heading time gave marked phosphatase activity. 

Wheat plots in a series given nitrogen in increasing 
amounts, then also with phosphorus, then both these 
with potassium and finally all with trace elements, showed 
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the highest phosphatase activity in the seed when the 
trace elements were used along with the nitrogen, phos· 
phorus and potassium on the Oliver soiL Those activities 
were not so high on the Yazoo soil type. Both are soils 
of Southeast Missouri. 

Trace Elements and the Plant's Self-Protection Via Pro
teins. Trace elements, copper, cobalt, manganese, and iron 
were applied in a series of pots growing wheat in the 
greenhouse with (a) soil moisture at two levels, 25 and 
45 percent of the soil, (b) lime, (c) nitrogen, and (d) 
both lime and nitrogen as the combinations. The con
centrations of the trace elements in the dried plants are 
given in the table along with the similar data for calcium, 
phosphorus and potassium. 

The data for copper are suggestive in that as nitro
gen was applied along with calcium, both of which favor 
higher protein concentration in the plant, there was a 
higher copper concentration in the plant also. This oc
curred when nitrogen treatment reduced the concentration 
of phosphorus and potassium in the wheat plants of in
creased weight or yield per pot, and also decreased the 
transpiration ratio by 50 percent in all cases but one. 

Trace Elements and the Separate Amino Acids. Studies 
of the chemical data as related to the amino acids in al
falfa point out that as boron concentration in this crop 
increased in several cases, there was increased concentra
tion of tryptophane, so commonly deficient in this forage 
to hold its protein value down. In other such studies 
there was a higher conversion of nitrogen into amino 
acids even to suggest holding down "excess" nitrogen in 
the crop. When such "excess" nitrogen in crops during 
certain combinations of climatic conditions ha.s been kill
ing livestock consuming it, there is the suggestion that 
this damage might be averted through more research 
study of the trace elements (and major elements too) in 
their effects on the array of the separate amino acids as 
they represent plant nutrition first and animal nutrition 
second. Tract elements seem to play their roles mainly 
with the proteins and compounds resembling them close
ly. (Project 92) 

Permanence of Grass-Legume Sod 

W. A. Albrecht, T. M. Dean 

REPORT OF PROGRESS: 

A very dry spring in most of the state reduced both 
the total growth of forages as well as response to soil 
treatments. In Northwest Missouri where different rates 
of nitrogen have been applied to old bluegrass pastures 
the effect of the treatment was very small. When a sig
nificant amount of moisture did fall (six weeks after the 
last application no response was noted from the mineral 
treatments and only the heavier nitrogen rates gave visi
ble response. It would appear that when nitrogen is ap-

plied to the surface of sod, and insufficient rain falls to 
carry it into the root zone, that a large amount may be 
lost to the air (Project 178) or the nitrogen is tied-up by 
the organic material at the surface of the soil. 

New seedings made at Columbia (South Farms) in 
1955 produced good stands. Only observations were made 
in 1956. 

Yield records were obtained from one cutting on the 
seedings at Pierce City. All of the species except red top 
and birdsfoot trefoil had satisfactory stands. This harvest 
was predominately grass. So little rain fell in June that 
their was little second growth from any of the species or 
soil treatments. The response to super phosphate was bet
ter than from rock phosphate this first year of harvest. 
Both fall and spring applied nitrogen gave increases in 
yield of timothy, orchard grass and fescue that were more 
than double those obtained where legumes were the only 
sources of nitrogen. 

New seedings of adapted grasses and legumes, with 
varied soil treatments, were made in the spring of 1956 
at Weldon Springs, but no records were taken. Good 
stands were obtained but in the fall there was a large per
centage of annual wild species. 

A new series was established at McCredie with irriga
tion as a variable. Variable nitrogen treatments will not 
be started un til the 1957 season. (Project 99) 

Cropping As Affected By Legumes and Soil Fertility 

W. A. A/brecht, George E. Smith 

REPORT OF PROGRESS: 

Results of cropping system experiments in 1956 con
tinued to indicate that chemical nitrogen can substitute 
for this element supplied by legumes. Corn .and small 
grains grown continously with adequate soil treatments 
since 1950 produced higher yields than in rotations where 
the legumes were the only source of nitrogen. In some 
experiments chemical nitrogen further increased the yield 
of non-legumes when a legume sod was turned under. 
However, this response was smaller and more erratic than 
in some previous years. Apparently the deficiency of rain
fall has reduced leaching and resulted in a higher rate of 
availability from soil organic matter. 

High rates of nutrient addition and resultant increase 
in crop growth and deeper rooting has introduced the 
added problem of moisture supplies in cropping systems. 
When it is not possible to recharge soil moisture reserves 
between seasons, having a shallow rooting of a low mois
ture using crop immediately preceding the crop of high
est value in the sequence is of critical importance. (Projea 
177) 
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Routine Soil Testing Methods 

E. R. Graham, M. H. Brown, R. A . Reeves 

OBJECTIVES : 

A. The development and improvement of accurate, suita
ble methods to be used by county soil testing laborator
ies. 

B. Preparation and supplying of soil tesfing reagents and 
equipment to Missouri County Soil Testing Labora
tories. 

REPORT OF PROGRESS : 

The results of the Soil Science Society of America 
studies on the suitability of using the flame photometer 
for the determination of soil exchangeable magnesium 
revealed that nine and ten laboratories reported excellent 
results on the samples presented for analysis ; the one lab
oratory which was unable to obtain satisfactory results 
indicated that their equipment was unsatisfactory for this 
determination. 

The study of soil preparation equipment revealed 
suitable conditions could be obtained by using an electric 
heating fan placed on the side of the cabinet for drying 
purposes and that the samples could be reduced rapidly 
to a workable fineness by running them through an 
ordinary food chopper. 

During the year, properly compounded chemicals, 
standard solutions, a number of check soil samples, and 
specially prepared equipment was made available, and on 
request, these items were shipped to any individual doing 
soil testing. (Project 170) 

Fertilizer Applications On Farm Crops 

W. A. Albrecht, Milton Brown, John Bullock, 
Carl Hayward, J. A. Roth, George E. Smith, 

George Wagner 

REPORT OF PROGRESS: 

Fertilizer Treatments for Small Grains. High yields of 
small grains were obtained for the third consecutive year. 
It appears that an adequate nutrient supply at time of 
planting fall seeded small grains is particularly effective 
in influencing yield. In a number of experiments the fall 
seeded grain made little fall growth, but with adequate 
treatments, yields in excess of 50 bushels per acre were 
numerous. From the summary of small grain fertilization 
work in Southeast Missouri, it was noted that significant 
increases in yields of all small grains were obtained on all 
of the soils in the area where trials were conducted. 
Wheat yields of 75 bushels per acre were obtained at 
Bell City (increases from soil treatments of over 40 bush
els per acre). Barley and winter oats showed striking re
sponses at all locations. Rye on the low fertility soils at 
Malden showed variations in yields of grain from less 

than 10 bushels per acre to nearly 38 bushels. Spraying 
applications of over 100 pounds of nitrogen per acre did 
not cause serious lodging and in some cases produced 
profitable increases over applications of 66 pounds. 

At Pierce City soil treatments increased wheat yields 
from 26 bushels per acre to over 43 bushels. On this 
soil most response was obtained from increased phosphate 
levels with nitrogen showing little benefit. Similar re
sults were obtained at Dadeville, except that on this soil 
there was some response to nitrogen. Apparently the dry 
weather in this area had permitted sufficient release of 
nitrogen from these soils that it was not the most limit
ing factor in crop growth. 

Significant responses to both winter and spring oats 
were obtained at Pierce City and Dadeville. Extremely 
dry spring weather in Northwest Missouri prevented the 
soil treatments from having much influence on yields. 

Denitrification Losses from Chemical Nitrogen Applica
tions to Soil: Measurements made of losses of N 2 and 
N 2 0 when six different nitrogen carriers were applied 
to eight soils of widely different properties show that 
significant quantities of fertilizer nitrogen may be lost as 
these gases. 

These results indicate that losses will be different 
when the same nitrogen carrier is applied to different 
soils or when various nitrogen compounds are added to 
the same soil. Work is in progress to determine soil and 
climatic factors that may influence these transformations. 
(Project 178) 

Missouri Soil Survey 

H. H. Krusekopf, E. Springer, 
C. L. Scrivner 

OBJECTIVES AND PROGRESS : 

All the Soil Survey acti vi ties described in the An
nual Progress Report, 1956, were continued during the 
past year. All survey field sheets were reproduced, with 
legend, and made available for public use. A total of 135 
sections or 86,400 acres were mapped in Howard County. 
Mapping was of such detail that the information con
cerning soil type, slope and erosion can be determined 
for any one 40 acre tract. Each filled sheet was given the 
necessary cartographic preparation for reproduction. These 
reproductions, along with necessary legends and reports, 
are to be made available to the public upon completion 
of the county survey. 

Considerable progress was made in the stJ.ldy of For
est Soils in the Ozark Region in determining the relation 
of forest species to soils and geology. This information 
was supplied to the Forestry Department for inclusion in 
a forthcoming publication. 

Participated in the preparation of a soil map and soil 
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key of the North-Central States. Report will be published 
this year. 

The Soil Survey cooperated with the Soil Conserva
tion Service in the conversion of conservation surveys 
formerly made by the S.C.S. to standard surveys in the 
five county soil districts. The purpose of this is to make 
all surveys in the state of the same detail and type, and to 

adopt a uniform system of soil classification. Four ad
ditional counties will be reviewed this year. 

The Soil Survey gave assistance to county assessors 
in the use of soil maps for land valuation of tax assess
ment. The limitation in the effort is the small number of 
soil maps with adequate detail. 

In cooperation with the Department of Agricultural 
Education conducted soil judging contests and training 
sessions in the field study of soils. (Project 206) 

Fertility Level of Missouri Soils 

W. A. Albrecht, Milton Brown, 
E. R. Graham, Vernon Renner 

OBJECTIVES: 

A. To study the mineralogical aspects of the boron fer
tility of Missouri soils and to investigate some of the 
physical-chemical aspects of boron available. 

B. To investigate conditions associated with uptake of 
heavy metals by plants. 

REPORT OF PROGRESS: 

A. The amounts of boron released from the boron 
sources as a result of the weathering with water show 
that colemanite was most soluble in water at room tem
perature as well as by hot water extraction. The tour
maline minerals were the most resistant of all the ma
terials. In all cases the hot water, as in a Soxlet extrac
tion; increased the solubility of boron. The amounts of 
boron released when the sources of it were treated with 
IR-120 and with Purnam clay show that the IR-120 is a 
very effective weathering agent for Howlite, Bakerite, and 
Colemanite, a moderately effective agent for the Boron 
Frit, and an ineffective agent for Tourmaline. H-purnam 
clay weathered the boron sources in the same order but 
to a lesser degree. The EDTA reagent weathered all of. 
the boron sources. It was equally as effective as H-IR-120 
and more so in the case of Tourmaline. 

The results of the study of the availability to the 
plants revealed the Bakerite mineral an actively available 
source of boron. The boron held in Tourmaline is un
available to plants. 

B. The results of the experiment on the trace ele
ment content of wheat with moisture, lime, and nitrogen 
as soil variables revealed the following items of impor
tance: 

Cobalt: By increasing the moisture to 45 percent as 

compared to 25 percent the concentration of cobalt was 
increased by 25 percent. Since these concentrations are in 
the deficiency range as described previously, this increase 
is significant. 

Copper: The concentrations of copper varied little 
from one treatment to another, the lowest being 8.1 ppm 
and the highest being 12.4 ppm. 

Manganese: At the low moisture level lime had no ef
fect on the manganese concentration in wheat. However, 
at the high moisture level the concentration of manganese 
was significantly reduced by lime. 

Iron: With a low nitrogen level increasing the mois
ture from low to high the concentration of iron increased 
in all cases. Where nitrogen was applied on high mois
ture, the iron content increased on the no lime samples. 
(Project 207) 

Protein Role of Nitrogen In Organic Matter 

W. A. Albrecht, E. R. Graham, John Falloon, 
Robert Gast 

REPORT OF PROGRESS: 

Protein Role of Nitrogen Related to Calcium and Mag
nesium. Previous studies (reported 1956) using rabbits to 
assay the values of fertilizer treatments on hays, demon
strated that the protein role of nitrogen in the non
legume hay was not the equal of that in red clover. Rab
bits fed the former hay (with wheat) were killed by the 
heat wave. They were not killed by equal temperatures 
when timothy hay was supplemented with dried skim 
milk powder. Nor were they killed by heat when red 
clover replaced the timothy hay. 

Evidently the protein role of nitrogen is not mea
sured accurately when protein is a mathematical value 
obtained by multiplying the amount of nitrogen in hays 
obtained in ashing them , multiplying by 6.25, and be
lieving that the protein role of nitrogen so measured in 
terms of one crop is the equal of it in another crop with 
the two of the same crude protein contents. 

These assays which told us that the protein role of 
nitrogen in a legume may be a life-saving one for ani
mals under heat stress while in timothy its role may be 
a death-dealing one, reemphasize the need for legumes 
and the problem of balancing the soil fertility as nutri
tion for those crops as synthesizers of the amino acids 
required for proteins complete for animal nutrition for 
growth, protection against disease, and reproduction. For 
legumes, the practice of fertilizing with nitrogen has not 
been considered widely since they use this element not 
only from the soil, but if the fertility of the soil is ample 
and in balance, these crops in symbioses with Rhizobium 
bacteria use also the gaseous atmospheric nitrogen in 
synthesizing the proteins required for their physiological 
services. (Project 208) 
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Reclamation of Eroded Soils 

C. M. Woodruff 

OBJECTIVES: 

A. To determine the relative yields of alfalfa as a legume 
and grass fertilized with nitrogen from subsoil. ex
posed by erosion. 

B. To determine the rate of pl.anting corn appropriate 
for eroded subsoil that has been fertilized. 

c. To determine the effectiveness of different rates of 
phosphate fertilization in the growth of red dover. 

REPORT OF PROGRESS: 

A. Alfalfa fertilized, lespedeza unfertilized, and Alta 
fescue fertilized yielded 2.4, 0.4, and 3.1 tons of dry forage 
per acre, respectively. The plots were irrigated on the 

Lbs. of P205 
Yields 1957 - T/ A 
Total - '7 yrs. - T/A 

o 
0.5 
5.9 

20 
0.5 
6.9 

40 
0.6 
8.3 

The results of this investigation establish conclu
sively that high levels of phosphorus in soils are essential 
to the continuous production of high yields of meadow 
crops. 

Red Clover contains about 10 pounds of p~O [, per 
ton of hay. The recovery of phosphorus in the harvested 
crop at the end of 7 years exceeded the amount that was 
applied as fertilizer up to and including the application 
of 160 pounds per acre. For higher rates of application 
the recovery was incomplete at the end of seven years 
but the yields in 1957 from the soils treated at the higher 
rates ranged from four to seven times that from the un
treated soil. Consequently the unused phosphorus was 
still effective in plant nutrition. The evidence to date sug
geStS that in limed soils the loss of phosphorus through 
fixation by the soil has been negligible. Under such con
ditions the cost of raising the level of phosphorus in a 
soil may be treated as a capital investment for which ad
ditional phosphorus may be used as long as the increased 
returns will pay a fair rate of interest on the investment. 
(Project 209) 

Meteorological and Climatological Variation on 
Agricultural Production in Missouri 

W. L. Decker, John Gerber 

OBJECTIVES: 

A. To study the rol.e of weather in the transfer of mois
ture by evapotranspiration. 

B. To establ.ish a meteorol.ogical station for measuring 
meteorol.ogical. variables. 

RESULTS : 

A. The role of weather in the transfer of moisture: Using 

15th of June. The only rain of significance occurred dur
ing the month of July. With sufficient nitrogen the yields 
of grass meadows may be expected to approach or exceed 
the yields of leguminous meadow crops. 

B. Corn planted on fertilized subsoils at rates of 
4356, 8712, 13,068 and 17,424 stalks per acre and subjected 
to severe drouth prior to July and again after the first of 
August yielded 51, 78, and 76 and 81 bushels per acre for 
the respective rates of planting. Variations in the rates of 
planting between 8700 and 17,400 stalks per acre had no 
significant effect upon yield. The quality of the harvested 
corn was improved by the lower rates of planting. 

C. The yields of Red Clover hay from subsoil treated 
with phosphorus at different rates in 1950 continued to 
show responses to the treatments in 1957. The yields for 
1957 and the total yields ro date were as follows: 

80 
0.6 

11.6 

160 
1.1 

17.7 

320 
2.1 

26.2· 

640 
2.7 

39.4 

1280 
3.5 

54.7 

two acre grass plots estimates of evapotranspiration were 
obtained for two plots receiving irrigation treatments and 
for two plots receiving no supplemental water. These 
measurements were taken under Mexico silt loam at the 
Midwest Clay Pan Experimental Farm. 

Soil moisture determinations were made gravimetri
cally by samples from eight sites on each plot. Samples 
w~re taken at weekly intervals to a depth four feet. The 
amount of water used in evapotranspiration, ET was com-

puted by: 
ET = 1:1 + P - R 

where: 
1:1 is the weekly difference in water content of the 

soil, expressed in inches. 
P is the total weekly precipitation. 
R is the weekly run off from each plot. 
There was a marked similarity between the water 

used by the irrigated and the unirrigated plots during the 
period prior to June 25. This similarity occurred because 
irrigation treatments were not applied before late June. 
During late June, water use from the unirrigated plots 
dropped below that of the irrigated plots until heavy 
rains occurred in early July. By mid August evapotranspi
ration from dry plots again became less than from the ir
rigated plots. The evapotranspiration associated with the 
dry plots for the weeks ending July 16 and August 27 
seem to be high. The reason for these large water losses 
has not been discovered. (Project 210) 

Infiltration Rates And A vaiIable Water Capacity 
For Major Soils Of Missouri 

V. C. Jamison, J. A. Roth, P. M. Smith 

REPORT OF PROGRESS: 
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Rates of water infiltration were correlated on the Els
berry field comparing single ring infiltrometers with 
sprinkler and furrow applications of water. 

Profile samples were taken from the McCredie farm, 
Midway farm, South farm, Horticulture farm, and S.C.S. 
farm at Elsberry. Moisture release curves covering the 
range from saturation to 15 atmospheres suction were de
termined together with bulk densities for the profile 
horizons. The difference in retention between the 0.33 
and 15 atmospheres suction points was taken as an esti
mate of available moisture storage capacity. 

Intake rates estimated by single rings on alfalfa sod 
on Sharon silt loam were about twice that found by ir
rigation for sprinkling or surface flooding measurements. 
The intake rate in corn was only slightly higher for 
sprinkler application as compared with furrow. The rates 
found for Sharon silt loam varied between 0.21 and 0.30 
for different dates and methods of application. 

Estimates of available moisture storage capacity based 
on the difference between the moisture retained at 0.33 
and 15 atmospheres suction for clay pan soils show that 
available storage volume is highest in the surface, lowest 
in the clay layer and moderately high in the deep subsoil. 
For Mexico and Weldon silt loams the values varied be
tween two and three inches per foot of soil for the sur
face and deep subsoil, and only one and two inches for 
the clay layer. The Menfro silt loam also showed some 
reduction in subsurface (second and third foot depths) 
but values near two inches per foot in the first and fourth 
foot depths. The Sharon silt loam was quite variable but 
generally high in available moisture storage capacity (1.5 
to 2.5 inches per foot except in or near the plastic "gum
bo" layer less than one inch per foot) . Correlation study 
of mechanical composition and available moisture-storage 
capacity indicates the silt fraction increased while sand 
and clay tends to reduce the available moisture-storage 
reservoir in the claypan and silty river bottom soils. (Pro
ject 211) 

Soil Tests and Fertilizer Response 

E. R. Graham, Leslie McDowell, J. A. Roth, 
George Smith 

REPORT OF PROGRESS: 

Responses to different levels of phosphorus and 
potassium apparently continue to be influenced by above 
normal release of these elements from the soil follow
ing dry season. 
Weldon Spring 

At Weldon Spring, a soil very low in phosphorus, 
twenty pounds of phosphorus in the starter fertilizer gave 
as high yields as where higher levels of phosphorus were 
provided. The young corn plants showed extreme phos
phorus deficiency when the plants were small. However, 

after the weather became warm and rooting was deeper, 
much of the difference disappeared. Apparently the plants 
were able to secure sufficient phosphorus from the entire 
soil profile and some other factor limited growth. Similar 
response was secured with oats and clover. Little re
sponse was obtained from potassium on this field in 1956. 

Leonard 
This field area was in soybeans in 1956. The nutrient 

applied in the past to provide different levels of phos
phorus and potassium had little effect on the soybean 
yields. 

Southeast Missouri 
Studies were conducted at five locations in South

east Missouri. Cotton was the test crop and where the 
land was not irrigated none of the treatments had much 
effect on yields. Where ample water and nitrogen were 
provided, responses were obtained from additions of both 
phosphorus and potassium despite soil tests that indicated 
adequate levels of these two nutrients. Apparently when 
moisture and nitrogen are removed as limiting factors in 
growth, the present tests are giving phosphorus readings 
that have been interpreted as being adequate, but are not 
sufficient. Apparently cotton is a ~'weak feeder" and an 
additional new available phosphorus test is required. 

Soil samples have been collected from areas of other 
projects and analyses are being made to correlate with 
the yields obtained. 

The results would indicate that to obtain better cor
relations between soil tests and crop yields, greater depths 
than the plow layer must be considered. For some crops 
it may be necessary to use extracting solutions of dif
ferent concentrations. (Project 229) 

Soil Treatments For Maximum Crop Yields 

George Smith, Carl Hayward, J. A. Roth ,. 
REPORT OF PROGRESS: 

Small Grains: Yields of small grains were some of the 
highest that have been obtained. In Southeast Missouri 
yields of wheat in excess of 75 bushels per acre were se
cured on two of the fields. Yields of over 50 bushels 
were obtained in all areas. Winter rainfall was below aver
age in most areas and these fall seeded crops continued 
to give greater production as nitrogen treatments were 
increased. Even where as much as 140 pounds of nitrogen 
was added, no serious lodging occurred. This is contrary 
to some results obtained in other seasons where nitrogen 
in excess of 75 pounds depressed small grain yields. 

Response to additional amounts of phosphorus and 
potassium were not as striking as in some seasons. Ap
parently deeper plant rooting as an increased release of 
nutrients from the soil in dry seasons furnished an ade
quate amount of these elements. 
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Residual effects of nitrogen continue to show effects 
on following crops as shown by the following oat yields 
on the South Farm: 

Nitrogen Applied to Corn 1955 
o 
100 
200 
300 

Corn 
Yield 
1955 

76.5 
68.8 
75.6 
72.2 

Oat 
Yield 
1956 

41.8 
49.4 
79.8 
78.8 

The effect of the residual nitrogen on the oats was 
striking but with less than an eight bushel increase from 
the 100 pound application a year previous. It is sug
gested that a large percentage of this nitrogen may be 
lost to the air or fixed in a very slowly available form. 

The depressing effect of nitrogen on corn yields was 
noted in a number of experiments in 1956 as is shown 
by these corn yields in 1955. This would suggest that 
moisture is probably the limiting factor in growth. It al
so appears that some toxic elements may be released as a 
result of the reactions of the nitrogen in the soil. The de
pressing effect of these large applications of nitrogen was 
not great but was consistent at a number of locations. 

Heavy applications of phosphorus had little effect on 
yields but did speed maturity. 

Liberal treatments with potassium chloride (1000 lbs. 
per acre each four years) have not depressed the yield of 
any of the crops (corn, oats, wheat, soybeans and red 
clover) grown in a rotation. 

These heavy treatments have made extremely dif
ficult the establishment of stands of grasses and clovers. 

Soybeans: Maximum fertilizer treatments have had 
little effect on the yields of soybeans. Nitrogen treatments 
have given increases in yield of only two or three bushels 
per acre and usually nodulation has been reduced. Ade
quate levels of phosphorus, calcium and potassium have 
produced yields of between 20 and 30 bushels per acre, 
but these chemical treatments alone have not shown the 
effects obtained on other crops. 

The results of these liberal treatments suggest that. 
the amounts of treatments now being used by more pro
gressive farmers are approaching maximum limits unless 
moisture is removed as a limiting factor in production. 
There is the suggestion that attention must be given to 

deepening the root zone to provide a greater soil mass for 
the absorption of these nutrients. With the present quali
ty of limestone now available and the deeper tillage be
ing practiced in some areas, increased amounts of this 
material appear to be necessary for the most efficient crop 
utilization of other nutrients. (Project 230) 

Handling Straw Mter Combine 

This work indicates that the heavy growth of straw 
turned under for wheat (continuous wheat) requires a liber-

al addition of nitrogen to prevent a depression of yield. De
spite a loss in soil structure where the straw has been 
burned (this area is run together after rains) this burn
ing has produced the highest yields. Burning alone with
out nitrogen addition has not maintained yields but the 
use of 66 to 132 pounds of nitrogen have produced as 
high or higher yields as where straw is returned and ni
trogen added. 

These results would indicate that the past impor
tance attached to soil structure in influencing crop yields 
and soil organic matter is only a secondary effect in
fluencing the amount of nutrients available to the grow
ing crop. (Project 231) 

Soil Treatments For Alfalfa 

George Smith, Earl Barnes, 
Phil Smith, Theo Dean. 

REPORT OF PROGRESS: 

Adequate plant nutrients appear to be the key in the 
establishment and maintenance of stands of alfalfa on 
soils where this crop has formerly not been considered to 
be adapted. Where these nutrients have been applied, 
alfalfa stands have been more easily secured than other 
small seeded legumes-except lespedeza. Despite dry 
weather, yields in excess of four tons per acre were ob
tained in most areas of the state. At Columbia a seeding 
of Mexico silt loam made in 1950 produced nearly five 
tons per acre in 1956 and has averaged over four tons 
since 1950. This area, receiving corrective treatments in 
1950 and annual top dressings still has an excellent stand. 

A new stand of alfalfa seeded on the Pierce City field 
following the failure in the dry weather of 1954 pro
duced yields on some treatments of over four tons per 
acre in 1956. Some soil variations in this soil area make 
some of the differences in individual yields questionable, 
but the need for boron is evident. Superphosphate (al
though increasing cost) produced higher yields than did 
rock phosphate. There is the suggestion sulfur and trace 
elements gave some response. It is believed that the soil 
treatment differences will be more evident after another 
season. 

Similar results were obtained at Weldon Spring. 
Yields from three cuttings varied from five to 7.5 tons of 
air dry hay. However, with the exception of increased 
yields from a deep treatment (on plow-sole) it appears 
that most of the differences result from soil variations. 
This area had' a difficult period for survival in 1955 and 
the results in 1956 do not suggest any definite conclu
sions from treatment. (Project 242) 
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Improvement of Soil Fertility Through Heavy 
Applications of Nitrogen and Carbonaceous 

Organic Matter 

George Smith, ]. A. Roth 

REPORT OF PROGRESS: 

This study continues to show that large amounts 
of carbonaceous materials may be added to soils without 
a depressing effect on crop yields provided sufficient 
nutrients are added to eliminate competition between the 
crop and soil organisms for the available nutrient supply. 

YIELDS OF CORN AND OATS AS AFFECTED BY ADDI
TIONS OF ORGANIC MATERIALS. 1WO YEAR ROTA

TION -- CORN, OATS, AND SWEET CLOVER. 1000 
POUNDS OF NITROGEN PLOWED DOWN WITH 

THE ORGANIC MATERIAL IN 1950. ADE
QUATE MINERALS AND 120# N APPLIED 

BEFORE CORN. 
Organic Matter 

Added 1950 
1 20 Tons Sawdust 
2 20 Tons Sewage Sludge 
3 20 Tons Straw 
4 None 
5 20 Tons Corn Cobs 
6 20 Tons Corn Stalks 
7 20 Tons Manure 
8 No Chemical N 
9 None--Sunflower 

turned under 
10 None--Sorghum Under 

* Lodged. 

Corn Yields 
1956 6 Yr. Av. 
91. 7 90.9 
87.0 90.9 
76.4 89.8 
76.4 89.2 
69.8 85.3 
64.5 88.3 
67.3 87.2 
71.4 77.3 

61.7 83.1 
64.8 88.5 

Oat Yields 
1956 7 Yr. Av. 
68.2 68.6 
69.2 69.3 
61.4 69.1 
39.9 61.2 
62.4 68.1 
38.0* 61.6 
58.5 61.9 
62.4 62.2 

However, these additions have not increased yields. 
Where no organic matter or the initial applications of 
nitrogen were made (120 pounds of N annually on corn) 
the average yields have been only one bushel of corn 
less than where the heavier additions were made. Oat 
yields have been lower, indicating a residual effect of 
this treatment. 

Chemical determinations in 1956 failed to show any 
large difference in organic matter content of these various 
plots. Any differences found were within limits of experi
mental error. 

It is suggested from denitrification studies (Projea 
178) that a large portion of this initial nitrogen applica
tion has probably been lost as N 2 0 or N 2 • Since this ex
periment was started, rainfall has been below normal and 
it is doubtful that much of this nitrogen has been lost by 
erosion or leaching. (Project 231) 

Energetics of Ionic Relationships in Soils 
And Plants 

C. M. Woodruff 

OBJECTIVES: 

A . To determine the energy balances in ;oils between ca
tions, between anions, and between cations and anions 

that reflect desirable and undesirable conditions with 
respect to plant nutrition. 

B. To determine the relationships of the energy states of 
ions in a soil to the relative amounts of the ions that 
are present in combinations with the soit. 

REPORT OF PROGRESS: 

The growth of corn in soils with different balances 
between calcium and magnesium. 

The growth of two crops of corn in the greenhouse 
in soils with different energy balances between hydrogen, 
calcium and phosphorus. 

Laboratory investigations of the equilibrium berween 
soil and phosphorus as affected by the following factors. 

a. Time of reaction between soil and phosphorus. 
b. The effect of drying of the soil. 
c. The hydrogen-calcium balance of the soil. 
d. The amount of phosphorus in the soil. 
e. The kind of cation accompanying the phosphorus 

that was added to the soil. 

RESULTS: 

Corn did not develop characteristic symptoms of 
magnesium deficiencies until the energy of replacing 
magnesium with calcium approached a value of 1lO0 cal
ories per equivalent, corresponding to approximately rwo 
percent of magnesium in the exchange complex of the 
soil. 

The growth of corn was not affected significantly by 
different lime potentials (pH-lhpCa) ranging from values 
of 3.5 to 6.0 when the calcium phosphate potential, 
pKw-(lhpCa+pH~PO,,) was 7.5 or more. 

Corn was damaged seriously by aluminum at lime 
potentials below 4.0 when the calcium phosphate po
tentials were less than 5.5. 

The reaction between soil and phosphorus in a sus
pension of soil and water was very slow. The reaction 
progressed slowly and was still incomplete after 24 days. 

Drying the soil after treatment with phosphorus re
sulted in almost complete removal of phosphorus from 
solution. 

In un dried soils at different lime potentials, the 
calcium phosphate potentials were highest in the soils 
with low lime potentials. The situation was reversed by 
drying the soils. Since high lime potentials and high 
phosphate potentials are desirable, the results suggest that 
phosphate fertilization should be most effective on prop
erly limed soils. 

Clay from the subsoil of the Putnam silt loam re
acted with about 600 pounds per acre of P20 5 before de
sirable phosphate potentials were attained. Increases ' of 
PzO" above 600 pounds per acre were very effective in in
creasing the activity of phosphorus in the soil. 

In unlimed soils the form of the cation accompany-
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ing the phosphate fertilizer had no effect on the phos
phate potential of the soil. In limed soils, NH 4 , K and 
Ca as mono-calcium phosphate were equally effective in 
raising the activity of phosphate in the soil but di-calcium 
phosphate was much less effective when the rates of fer
tilization were high. (Project 263) 

Soil Fertility and Cotton Production 

George Smith, J. A. Roth 

REPORT OF PROGRESS: 

Detailed soil fertility studies were established on 
three new leased fields (Bell City, Bragg City and Malden) 
in 1956. The effect of nutrient balance, both with and 
without supplemental irrigation was measured on two 
additional fields on privately owned farms. Facilities for 
irrigation were available at the Malden field and half of 
all plots were irrigated. 
Soil treatment ejJectJ on efficiency of cotton production: 

Summer rainfall was in short supply at all locations. 
The need for adequate levels of both nutrients and mois
ture was apparent on all soil types. At Malden, a light 
sandy soil , few of the soil treatments increased the yield 
of cotton where no irrigation water was applied. Where 
water was added to unfertilized soil there was only limit
ed benefit. Apparently the irrigation water leached some 
of the limited supply of nutrients away from the roots of 
plants on unfertilized soil. 

Where both treatment and additions of moisture 
was made, yields were greatly increased. For example, in 
one experiment at Malden, the yield of unfertilized lint 
cotton was 472 pounds per acre where no water was ap
plied. When a 50-50-50 fertilizer treatment was added, 
no water was applied. When 50-50-50 fertilizer treatment 
was added, the yield was reduced to 397 pounds of lint. 
Where water was added to unfertilized soil , a total of 
630 pounds of lint was produced, but where both water 
and nutrients were added, the yield was 770 pounds. 

Despite extremely dry weather at Bragg City (a very 
heavy Gumbo soil) some soil treatments, without irriga
tion, increased the yield 60 pounds per acre. At Bell City, 
under conditions of more mid-summer moisture, the 
yield of lint was increased over 330 pounds per acre. 

The addition of fertilizer treatments when moisture 
is adequate complicate some problems in cotton produc
tion. In most cases, adequate nutrition caused the plants 
to hold their leaves much longer. This made picking by 
machines more difficult and many may require the use of 
defoliants for obtaining best quality by mechanical har
vesting. In some cases the heavy foliage caused some rot 
in lower bolls and complicated problems of insect and 
late weed control. There is some evidence that attention 
must be given to improved varieties to utilize these liberal 
supplies of plant nutrients. (Project 267) 

Soil Fertility and Corn Production 

George Smith, Lewis Barnes, Carl Hayward 
Phil Smith, Rex Horton 

REPORT OF PROGRESS: 

Experiments to study the effect of various soil fer
tility treatments on corn were conducted on all experi
ment fields except at Bragg City and Malden where space 
limitations prevented the establishment of planned experi
ments. Moisture limitation was a controlling factor in the 
response of corn at many locations. In most areas sub
soil moisture reserves were low in the spring. Corn that 
was planted early was greatly benefited by above normal 
rainfall in early July in many areas. Most corn planted 
late showed limited benefit from treatments. 

Corn populations must be increased to take advan
tage of added fertility . With dense stands sunlight does 
not reach the lower leaves. Yields have been limited by a 
shortage of summer moisture in one experiment at Co
lumbia where the corn population has remained constant, 
but the number of plants per hill has varied. The results 
show that the number of plants per hill (population-
21,000 plants per acre) had had little effect on yield. 

In a number of corn experiments in the Central Mis
souri area, yields were about 80 bushels per acre and the 
treatment applied had limited effect on yield. It is believed 
that following the relatively dry seasons of 1954 and 
1955 , an above normal release of nutrients from soil 
organic matter and minerals occurred. This was appar
ently sufficient for the amount of moisture that was avail
able. There is also indication that the addition of in
creased amounts of nitrogen has released increased 
amounts of aluminum and manganese in some of the more 
shallow soils and these elements can have a detrimental 
effect on yields. (Project 268) 

Climatological Variation on Agricultural Production 
In Missouri 

W. L. Decker, J. S. Gerber 

OBJECTIVES : 

A. To assemble climatological data for the study and 
definition of climate of the state. 

B. To conduct analyses using the dimatological data show
ing the probability of dry periods in Missouri. 

RESULTS: 

A: Assembling of Climatological data: The assembling 
of climatological data for Missouri's weather stations is 
nearly complete. There are 57 locations for which weather 
records have been assembled. Since there are nearly 70 
thousand square miles of area in Missouri, one weather 
station has been assembled for each 1200 square miles. 
According to studies conducted at the Missouri Agricul-
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tural Experiment Station each weather station represents 
an area of about 2,000 square miles. This indicates that 
the records from an adequate number of weather stations 
have been assembled. 

There is a very good geographic distribution for 
these locations. The only area not adequately covered is 
in east Central Missouri. Centered at the intersection of 
Franklin, Crawford and Washington Counties is an area 
of nearly 8000 square miles for which there are no data. 
The most optimum condition would be for the assem
bling of data from a location in the eastern and western 
edges of this area. However, a single weather station near 
the center of the area would fill the requirement. Un
fortunately there are at present no records of sufficient 
length in this vicinity from which to assemble the data. 

B. The Analysis of Climatological data: Since this proj
ect is a contributing project to NC-26 much of the work 
deals directly with the regional study. Weekly weather 

* * * 

summaries have been meticulously prepared. IBM cards 
containing these weekly summaries have been sent to the 
Statistical Laboratory at Iowa State College. The anal
ysis prescribed for defining weekly rainfall probabilities 
will be conducted at Iowa State College, but the cost of 
the analysis will be carried by the Missouri Agricultural 
Experiment Station. ( Project 281) 

Efficient Utilization of Soil and Fertilizer Nitrogen 

E. R. Graham, G. E. Smith, J. A. Roth, 
Phil Smith, L. E. Barnes 

REPORT OF PROGRESS: 

As of now the plots have been located in the South
east lowlands, in Central Missouri , and in Northwest Mis
souri. They have been treated with lime, phosphorus, and 
potassium. The fall treatments of nitrogen have been 
made. (Project 304) 

* * 

Veterinary Medicine 
A. H. Groth. Dean 

Blood Titer Studies in Brucellosis 

Cecil Elder, A. H. Groth, 
D. E. Rodabaugh, Howard Wright 

OBJECTIVES: 

A. Attempt to develop a technique for differentiation be
tween vaccinal and field infection titers. 

B. To study the possibilities of finding a special antigen 
that would be suitable for differentiation purposes. 

CONCLUSIONS: 

Intradermal injections of killed Strain 19 Brucella 

abortus vaccine injected in the cervical region did not pro
vide a means of differentiating between vaccinal titers and 
field infection titers in the animals used in this experi
ment. 

The complement-fixation test was used as a possible 
means of differentiation between vaccinal titers and field 
infection titers and the same animals as described above 
were used. Cultures of Strain 19 Brucella abortus were used 
to prepare the test antigen. The results of the comple
ment-fixation test were compared with those obtained 
from the agglutination test. . 

There was no evidence of any significant variation 
between the complement-fixation properties of the serum 
obtained from the vaccinated cows and the serum ob
tained from those cows considered to be naturally in
fected or the so-called field infection cases. (Project 8) 

Internal Parasites of Ruminants 

OBJECTIVES: 

D. E. Rodabaugh, G. C. Shelton, 
A. H. Groth 

A. A survey to study the extent and nature of the in
ternal parasite problem in Missouri cattle. 

B. Evaluation of some established prophylactic and 
therapeutic measures for the control of internal parasites 
of sheep. 

C. Determination of the transmissibility of sheep parasites 
to cattle under pasture conditions. 

REPORT OF PROGRESS : 

An effort was made to study the problem of internal 
parasites in Missouri cattle, both qualitatively and quan
titatively. The problem was approached from two ways: 
first, a questionnaire was sent to 180 veterinarians to de
termine the amount and type of gastro-intestinal para
sitism they had diagnosed in cattle in 1955; second, 
twenty-six herds of cattle from central and southern Mis
souri were selected for clinical and laboratory study of 
the degree and types of parasitic infection. 

According to the answers received from fify-one 
veterinarians who reported concerning gastro-intestinal 
parasitism in cattle, coccidiosis was diagnosed in 259 
herds, tapeworm infections in 16 herds, nematOde infec
tions in 445 herds. 
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From the twenty-six herds surveyed, 210 cattle were 
checked for internal parasitism by laboratory means. 
Thirty-one of these cattle, approximately 15 percent, had 
worm egg counts indicative of clinical parasitism. Seven 
(3.3 percent ) of these cattle were beef type and 24 (11.5 
percent) were dairy yearlings and calves. Of the 26 herds 
surveyed, five herds (19 percent) appeared to have calves 
or yearlings suffering from rather severe clinical parasitism. 
In three of these five herds practically all animals seemed 
to be infected. 

Parasites which were observed in Missouri cattle in
cluded the following genera: HemonchttS, Ostertagia, Tri
chostrongylus, Cooperia, Nematodirus, Oesophagostomum, 
Bunostomum, Strongyloides, Neoascaris, Trichuris, Moniezia, 
and Eimeria. 

Identification studies on the infective larval stages 
indicated that the predominant trichostrongyle in year
ling dairy calves was HemonchllJ JPp., commonly called 
the barber pole worm. From feed lot steers the predomin
ant larvae were Cooperia (intestin al round worms) and 
Ostertagia, the medium stomach worm. (Project 108) 

OBJECTIVES : 

Hog Cholera Immunization 

Cecil Eider, A. H. Groth, 
D. E. Rodabaugh, Harold Wright 

A. To study and determine if possible the factor or fac
tors influencing anti-body production in hog cholera 
immunization. 

B. To study the immunity produced by the use of serztm 
and viruJ cldministration (double treatment). This 
year swivax was substituted for serum and virus. 

C. To challenge the immunity produced under different 
methods of management. 

REPORT OF PROGRESS : 

Eighteen gilts were bred and placed on the experi
ment December 1, 1955. Eight of these gilts were placed 
on a ration as complete nutritionally as possible to make 
and were given access to blue-grass pasture. The remain
ing 10 gilts were placed on dry lot and fed a ration con
sisting of 95 parts ground corn and five parts linseed oil 
meal. They had access to a mineral mixture consisting of 
ground limestone, steamed bone meal and salt. The gilts 
were kept on these same rations through gestation and 
lactation. Approximately two weeks after weaning, all 
pigs were vaccinated with a two ml dose of Swivax hog 
cholera vaccine without any anti-hog cholera serum. In 
order to study the possible effect of one immunizing 
product interfering with the immunization produced by 
another, one-half of the pigs in each lot were also given 
an injection of erysipelas vaccine (EVA). Part of the pigs 
were challenged with hog cholera virus at the end of 
thirty days and the balance were challenged at the end of 

a ninety day period, using four ml doses of live hog 
cholera virus. 

RESULTS: 

In the pigs challenged at thirty days after vaccina
tion, there were no visible signs of reaction to the virus, 
with the possible exception of a slight temperature rise. 
Temperatures were found to be from one-half to one de
gree higher than normal on the second and third day 
after the challenge dose of virus was given. 

The pigs challenged 90 days after vaccination reacted 
quickly and in some cases rather violently to the chal
lenge. There were temperature increases in some pigs as 
soon as one to two days after inoculation and the tem
peratures continued to remain high until the death of the 
pigs. Six out of twenty-seven pasture-run pigs developed 
typical symptoms of hog cholera and showed lesions of 
this disease at autopsy. Three of the six had received 
erysipelas vaccination at the time of vaccination for hog 
cholera, and three had received only the hog cholera vac
cination. ( Project 140) 

Pregnancy Disease In Sheep 

Cecil Elder, A. H. Groth, H. H. Berrier 

OBJEC1IVES: 

To determine the efficacy of drugs and chemicals now 
being ttSed for treatment. 

To test variouJ combinations of new drugs and new 
chemicals. 

RESULTS: 

As it is impossible to produce experimental cases of 
pregnancy disease which are typical of the disease as we 
see it in the field, we have depended for experimental 
purposes, upon animals brought to our Veterinary Clinic. 
The past year only a small number of cases have been 
brought in for treatment. Fourteen animals were treated 
with different combinations of therapeutic agents. Of the 
fourteen cases, eight died and six made recoveries. The 
treatments used were: corticophic hormones, sodium pro
prionate, intercase, saline, antibiotics, Rumen inoculation. 
The animals treated were in various states of the disease. 

No one drug had any great value. Many of the cases 
probably would have responded to treatment had they 
been brought in before the disease had advanced so far. 
(Project 144) 

Pullorum Testing and Production of 
Pullorum Antigen 

A . J. Durant, A. H. Groth, H. C. McDougle, 
Paul M. Newberne 

OBJECTIVES: 

A continuation of testing blood samples from poultry 
and the production of S. puliorum antigen. S. typhimur-
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ium testing will be limited until we are able to produce 
satisfactory Hand 0 antigens. 

RESULTS: 

Samples tested and disposition of reactors. 

Total chicken samples tested 
Total turkey samples tested 

8743 
48132 

56,875 
No reactors were found in the chicken samples. 
76 reactors were found in the turkey samples. 

Disposition of ,he 76 reactOrs : 
1. Four flock owners submitted seven adult turkeys 

for culture. These seven birds were four + when 
removed from the flock but S. pullorum was not 
recovered from a single bird. Recoveries of S. ry
phimurium, Proteus sp. and Pseudomonas sp. were 
recorded. One bird was negative. 

2. Sixty-nine adult turkeys were indicated as four + 
upon routine testing bu, none of these, according 
to our records, were submitted for culture. 

S. pttl/orum antigen 
Total tube antigen produced to test 660,000 blood sam
ples. 
Total distributed to test 225,125 blood samples. 
Antigen used here to Lest 57,000 blood samples. 
Antigen on hand to test 347,875 blood samples. (Project 
145) 

Studies on Disease Prevention Through Transmission 
from Carrier Sows to Baby Pigs 

A . H. Groth, A. A. Case, Harold Wright 

OBJECTIVES: 

A. Control of hog cholera by use of modified live virus 
(DLV) and anti-hog cholera serum. 

B. Continued use of swine erysipelas bacterin and Ery
.ripelas Vaccine, A virulent. 

C. Continue the control measures now in use against lept
ospirosis on both South Farm and Campus swine 

droves. 

REPORT OF PROGRESS : 

D.L.v., a modified live hog cholera virus of porcine 
origin plus hog cholera antiserum continued in use for 
the control of hog cholera. Each pig was vaccinated by 
administering 2 cc virus and 10 cc serum, subcutaneously. 

There has been no hog cholera diagnosed in swine 
owned by the Animal Husbandry department since the 
fall of 1951. Only the modified live virus of swine origin 
has been in use since that Lime. 

For the first time, Erysipelas Vaccine Avirulent was 
in use as well as a bacterin for the control of swine ery
sipelas. The most effective method of use is to vaccinate 
the sow approximately 30 days before farrowing and then 

vaccinate the pigs at five to seven weeks of age. There 
was much more arthritis in the unvaccinated controls 
than in the vaccinated lots. The EVA is apparently as ef
fective as the bacterin , and it has far fewer undesirable 
side actions. The product is more expensive than bacterin. 
Thirty farm calls during the spring and 10 during the fall 
were necessary to carry this program out. 

Leptospirosis infection gained entrance to the South 
Farm Swine during 1955 and caused heavy abortion loss 
in especially the Landrace sows during the Spring of 1956. 
The herdsman also contracted leptospirosis ( L. pomona), 
and was very sick. Except for the abortions , the swine 
showed liLtle clinical evidence of the disease. All of the 
sows and boars , both at the farm and on the Campus 
were bled and serological tests for leptospirosis were 
made. The NEGATIVE campus swine were promptly 
vaccinated against leptospirosis as were the negative 
swine, beef and dairy cattle at Lhe Sourh Farm. Both a 
commercial vaccine (Leptogen) and an experimental vac
cine were used, and proved to be very effective in reduc
ing the spread of the disease. The boars were individually 
administered a very high level of dihydrostreptomycin to 
eliminate the carrier stages, and the sows were placed on 
a high antibiotic level in the ration . ( Project 175) 

Salmonella Infection In Fowls 

A. H. Groth, A. J. Duremt, H. C. McDougle, 
P. M. Newberne 

REPORT OF PROGRESS : 

A test with standard S. pullorum antigen, 15 June 
1955 indicated that seven of 35 poults, from the original 
30 birds, were four + reactors; four were two +, two 
were one +, the remainder weak or negative. A second 
test 18 August 1955 indicated five birds as four +. This 
group of 35 birds was retested 18 August 1955. Eleven 
were retained as breeders, the remainder were cultured . 
The only microorganism isolated was one culture of 
proteus sp. 

February 22, 1956 five additional adult bronze birds 
were purchased, from the source supplying the original 
30, and properly mated with our eleven birds. From this 
group of 16 birds 10 poults were hatched from 457 eggs. 
One poult died before banding, one died at 14 days June 
25, 1956, and one was a cripple and was destroyed at 30 
days in August 1956. The remaining seven poults plus 
five adults purchased, plus nine poults from the first 
hatching make up the present breeding flock. The re
maining 11 birds from August 18, 1955 suffered two 
casualties. Salmonellas were not isolated from any of the 
destroyed birds or those that died. At present only one of 
the 21 turkeys react to standard antigen and it is one we 
purchased February 22, 1956. However, six of the birds 
react to intermediate antigen. During the past year 73 
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Salmonella isolations in our diagnostic laboratory were 
twO group E not identified, 48 S. typhimurium, one S. 
Manhatten, one S. Colorado, four S. Anatum, and 17 
untyped paratyphoids. (Project 176) 

Drug Studies 

A. H. Groth, P. M. Newberne, C. J. Bierschwal, 
H. E. Dale, A. W. Uren, A. D. AiJen, G. C. Shelton, 

H. C. McDougle 

REPORT OF PROGRESS : 

One of the objects of this experiment was to induce 
estrus in postpartum sows prior to weaning the litter. 
Pregnant mare serum (Gonadogen) was the substance 
used in these treatments. 

In the fall of 1955, six sows were treated at levels of 
10 to 20 Cartland-Nelson units (200 to 400 iu) with 
pregnant mare serum (Gonadogen) approximately forty 
days postpartum. Daily observations were made for 21 
days following the treatment. None of these sows were 
found to exhibit estrus during this period. 

In the spring of 1956, 27 sows of both the Poland 
and Duroc breeds were utilized in an experiment to de
termine the effect of gonadotropic hormones on post
partum sows suckling pigs. Seven sows were injected with 
50 Cartland-Nelson units (1000 iu) of pregnant mare 
serum (Gonadogen) an average of 18.6 days postpartum. 
Two of the sows treated at this period exhibited estrus 
four days after injection. The sows which came into 
estrus farrowed litters averaging six pigs each and were 
suckling the same size litters at the time of treatment. 
These sows were treated an average of 19 days post
partum. 

No response to the treatment was noted in the re
maining five sows injected at this time. These sows far
rowed litters averaging 7.6 pigs each and were suckling 
litters averaging 5.8 pigs each at the time of treatment. 
These sows were treated an average of 18.4 days post
partum. (Project 177) 

Surgery on the Ruminant Stomach 

A . H. Groth, H. E. Dale, A. D. Allen, 
J. T. McGinity, E. F. Ebert, A. W. Uren 

OBJECTIVES: 

The use of standard surgical procedures to prepare 
experimental animals for research projects. 

REPORT OF PROGRESS: 

Two cows in which permanent rumen fistulas have 
been installed were used in this study. The fistulas were 
equipped with covers which could be removed for sam
pling the contents of the rumen. The pH of the urine 
and of the rumen strata were sampled daily or three times 

a day depending upon the method and ration which ex
perimental animals were studied. A Beckman Model G 
pH meter was used for measuring the hydrogen ion con
centration of the samples. The rumen strata was sampled 
in six places: a. cardia, b. rumen-recticulo orifice, c. deep 
middle, d. ventral posterior, e. dorsal posterior, and f. top 
middle of the rumen. 

The animals were fed a ration of alfalfa hay for a 
period of twelve days. The cows were next placed on a 
ration of corn silage for a total of fifteen days followed 
by a ration of grass silage. All rations were supplied in 
sufficient quantities so the animals had all they desired to 

eat at any time. Water and salt were supplied the ani
mals ad libitum at all times. For a period of three days all 
feed was withheld from the animals and only water and 
salt supplied. (Project 252) 

OBJECTIVES : 

Infectious Synovitis Complex 

A. H. Groth, H. C. McDougle, 
E. L. McCune, P. M. Newberne 

A. New strains wit! be isolated from field cases. 
B. Adequate filtration will be attempted. 
C. Since many affected birds appear anemic, blood studies 

wit! be made. 
D. Attempts to cure or control known cases. 
E. To carry on simultaneously this investigation as new 

material appears or as indicated in part three above. 
F. Exacting viral research in as far as possible with our 

present equipment. 
G. Permanent records. 

REPORT OF PROGRESS: 

Three mild strains of the infectious synovitis com
plex have been isolated from field cases. These strains 
were Isolated from a six-week-old chicken and two 10-12-

week-old turkeys. Three egg passages of each strain have 
not increased their virulence. Upon foot pad inoculation 
of four-week-old chicks or eight-week-old poults the 
strains appear interchangeable. ( Project 308) 

Improvement and Operation of Experiment Station 
Farms 

Arnold W. Klemme, Grover Perkins, George Hardy 

Data in process of being collected. (Project 298) 

Operation Of Southeast Missouri Fields 

Norman Brown, C. E. Cromwell, Gene Hill 

OBJECTIVES: 

A. To correlate and integrate operations so as to reduce 
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operations, labor and machinery costs to a minimum. 
chinery costs to a minimum. 

B. Enable research workers to use their time more ef 
ficiently. 

REPORT OF PROGRESS: 

A. An additional six acres of land was added by lease 
near Caruthersville to study the Cyst nematode. 

A dwelling at Sikeston modernized to provide satis
factory office space for the research workers, superintend
ent and secretary. 

* * * 

Twenty acres of land was leveled and drained to 
facilitate early plant growth and irrigation. 

Irrigation wells and equipment were provided at 
three locations making such equipment at four different 
locations and two different soil types. 

A new flame cultivator was provided for the culti
vation and thinning of cotton. 

Two tons of Ammonium nitrate, four tons of 0-20-20 
and five tons of 12-12-12 were purchased. (Project 307) 

* * 

Publications 
E. B. Winner, Editor 

REPORT OF PROGRESS: 

Administration: 

Staff members and their responsibilities are as follows: 
2 staff members-bulletins 
1 staff member-radio 
1 staff member-television 
1 staff member-news 
1 staff member-special writings 
1 staff member-work half time on motion pictures 
1 staff member-administration and organization, de-

Radio: 

velopment of new phases of program, and assisting 
with present ones. 

Thirty-eight stations used the tape recorded programs. 
Two-page daily farm news service provided all stations 
in the state. In addition, numerous special recordings 
were made at experimental field days and similar events. 
A total of 165 Extension agents participated regularly in 
radio programs one or more times per week during the 
year. 

Publications: 

All manuscripts submitted by the Experiment Sta
tion staff and approved for Station Publications were 
edited and processed_ 

* * * 

News Releases, Periodicals, Special Publications: 

Research data were 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 various publications. In addition, peri
odicals such as the monthly Announcer and others, and 
special publications were edited and published. 

Television: 

Two 30-minute television shows were presented 
week~y over KOMU-TV during the winter. Daily IS
minute shows were televised through the summer. In 
addition, a weekly IS-minute kinescope was sent to seven 
stations. And an even larger number were furnished pic
tures and slides on news events as available. County 
agent programs were organized with several stations and 
training sessions held with agents. Programs on KOMU
TV were determined by the Division of Agricultural 
Sciences Television Committee which includes a represen
tative from each of the Departments of the College of 
Agriculture and the School of Veterinary Medicine. 

Motion Picture: 

Limited work was continued on this program dur
ing the year. Three films were completed-on apples, 
Christmas trees, and hybrid corn-and much of the pro
duction work was done on a film showing Opportunities 
in Agriculture. 

* * 
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ST ATION PUBLICATIONS 

July 1956-June 1957 

Research Bulletins 

606 The Determination of Lindane Residues on Pickles
Critical Points in the Schechter-Hornstein Colorimetric 
Method by Charles W. Gehrke and Joseph L. Bevirt, 
May 1956, 24 pages, 1500 copies. 

607 Soil Magnesium and the Growth and Chemical Com
position of Plants by E. R. Graham, S. Powell, and M. 
Carter, June 1956, 20 pages, 1750 copies. 

608 Environmental Physiology and Shelter Engineering With 
Special Reference to Domestic Animals. XXXIX En
vironmental Temperature and Blood Volume by H. E. 
Dale, Gloria J. Burge, and Samuel Brody, July 1956, 
20 pages, 1500 copies. 

609 Factors Affecting Growth, Feed Efficiency and Carcass 
In Swine by L. F. Tribble, W . H. Pfander, J. F. Lasley, 
S. E. Zobrisky, and D. E. Brady, July 1956, 48 pages, 
1500 copies. 

610 Rates of Planting Studies with Corn by M. S. Zuber 
and C. O. Grogan, September 1956, 16 pages, 1500 
copies. 

611 Microflora of Prepackaged Luncheon Meats by R. F. 
Brooks and R. L. Henrickson, August 1956, 20 pages, 
1500 copies. 

612 Consumer Preferences and Beef Grades - Theoretical 
Basis and Empirical Study, Development and Testing of 
a Model by V. James Rhodes , Elmer R. Kiehl, Neil B. 
Wilson, D . E. Brady and E. B. Birmingham, September 
1956, 48 pages, 1800 copies. 

613 The Surface Reactions of Silicate Minerals-Part I. The 
Reactions of Feldspar Surfaces With Acidic Solutions 
by V. E. Nash and C. E. Marshall, September 1956,36 
pages, 1500 copies. 

614 The Surface Reactions of Silicate Minerals-Part II. Re
actions of Feldspar Surfaces With Salt Solutions by V. 
E. Nash and C. E. Marshall, September 1956, 36 pages, 
1500 copies. 

615 Genetic and Environmental Factors Affecting Litter Size 
in Swine by V. Rathnasabapathy, J. F. Lasley, and D. 
T. Mayer, September 1956,44 pages, 1500 copies. 

616 Environmental Physiology and Shelter Engineering 
With Special Reference to Domestic Animals. Xl-. De
sign and Testing of a Hair Measurement Beta-Gauge 
by Clifton Blincoe, October 1956, 20 pages, 1500 copies. 

617 The Effect of Thyroxine on Thyroid Function by G. W. 
Pipes and C. W . Turner, November 1956, 56 pages, 
1500 copies. 

618 Environmental Physiology and Shelter Engineering 
With Special Reference to Domestic Animals. XLI. In
fluence of Humidity and Wind on Heat Loads Within 
Dairy Barns by H . J. Thompson,January 1957,28 pages, 
1500 copies. 

619 Soil Fertility and the Quality of Seeds by Robert L. Fox 
and William A. Albrecht, January 1957,24 pages, 1500 
copies. 

620 Effects of Temperature, Rainfall and Fertilizer on Yields 
and Composition of Corn Plants With Special Refer
ence to Toxic Nitrate Levels by L. M. Flynn, C. W . 
Gehrke, M. E. Muhrer, G. E. Smith and M. S. Zuber, 
January 1957, 24 pages, 1950 copies. 

621 Indications of Normal Pituitary and Thyroid Function 

in Dwarf Beef Animals by W . W . Crenshaw, G . W . 
Pipes, H . L. Ruppert, Jr. , and C. W . Turner, February 
1957, 24 pages, 1500 copies. 

623 Mineralogical Study of Lindley Soil in Missouri by J. 
E. Brydon and C. E. Marshall , March 1957, 40 pages, 
1600 copies. 

625 Influence of Geologic Parent Material and Climate on 
Distribution of Shordeaf Pine in Missouri by P. W . 
Fletcher and R. E. McDermott, April 1957,44 pages, 
1810 copies. 

626 Amino Acid Composition of Swine Rations llnd·:Amino 
Acid Requirements of Weanling Pigs by ~~.B. Pfander, 
and L. F. Tribble, April 1957, 40 pages, 1500 copies. 

427 Evaluation of a Scoring System fo·r Meat Type Hogs by 
J. F. Lasley, L. F. Tribble and V. Rathnasbapathy, April 
1957, 12 pages. 1500 copies. 

428 Digestibility of Wheat, Sudan Grass and Drouth Corn 
Silages by Wethers and Steers by W . H . Pfander, David 
Roberts, J. E. Comfort, and J. G. W . Jones, April 1957, 
8 pages, 1500 copies. 

Station Bulletins 

672 Loans For Farmers by Frank Miller, C. R. Pitney and 
L. C. Stuber, December 1956, 32 pages, 3500 copies. 

673 Corn Hybrids For Missouri by M. S. Zuber and C. o. 
Grogan, November 1956, 12 pages, 3500 copies. 

674 Hybrid Seed Corn Production In Missouri by M. S. 
Zuber and C. o. Grogan, October 1956, 16 pages, 3500 
copies. 

675 How To Increase Your Farm Profits by Gordon B. 
Nance in cooperation with George E. Smith, Marion S. 
Offutt, Albert J. Dyer, Paul R. Cornelison, Quinton B. 
Kinder, and Philip C. Stone, October, 1956, 20 pages, 
3700 copies. 

676 Research and the Soybean Story, by John H. Longwell 
and S. B. Shirky, October 1956, 124 pages, 3080 copies. 

677 Research for Agriculture by John H. Longwell, No
vember 1956, 36 pages, 6500 copies. 

678 Let's Look at the Weather by M. F. Miller and W . L. 
Decker, January 1957, 32 pages, 3500 copies. 

679 The Tango Sweet Potato by Victor N . Lambeth, Febru
ary 1957, 4 pages, 3500 copies. 

680 Poison Ivy by R. E. McDermott, January 1957, 8 pages, 
3500 copies. 

681 Water-Talks from the 8th Annual Missouri Farm 
Forum by John H . Longwell, January 1957,44 pages, 
3500 copies. 

682 Missouri Hybrid Corn Yield Trials 1956 by M. S. Zuber 
and C. o. Grogan, Febtuary 1957, 12 pages, 3500 copies. 

683 The Story of Research behind Corn-Missouri's 1,4 Bil· 
lion Dollar Crop by John H. Longwell and S. B. Shirky, 
February 1957, 28 pages, 3500 copies. 

684 Cotton Research-Missouri's $75,000,000 Annual Crop 
in the " Boot Heel" Gets the Full Attention of Scien
tists by J. H. Longwell and S. B. Shirky, January 1957, 
16 pages, 2500 copies. 

685 Missouri 's Beef Story by J. H . Longwell and S. B. 
Shirky, February 1957,24 pages, 3500 copies. 

686 Sweet Potatoes-A Promising Missouri Crop by VictOr 
N. Lambeth, March 1957, 16 pages, 3500 copies. 
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687 Missouri Commerical Fertilizer-Inspection and Anal
ysis 1956-by John H. Longwell and S. B. Shirky in co
operation with W. 1. Baker, H. A. Henley, R. H. 
Wehrmann, W. R. Bernhardt , W. F. McNeall, C. W . 
Gehrke, E. W. Cowan, E. 1. Wood, F.]. Johnson, 
Joanne M. Yeaeger,]. 1. Bevirt, B. R. Smith , W. G. 
Godbey, and W. M. Lamkin, March 1957, 44 pages, 
6500 copies. 

688 Chemical (anti-oxidant) Controls for Discoloration of 
Mushrooms by R. N. Goodman, June 1957, 4 pages, 
3500 copies. 

689 ~praying Outdoor Roses by H. G. Swartwout and W. 
R. E~ns, May 1957,4 pages, 3500 copies. 

... .!>-. 'if 
Reprints-Statton E,ulletins 

631 Vinegars and Salad Dressing by Treva C. Kintner and 
Margaret Mangel, July 1956, 8 pages, 2020 copies. 

637 0-205 Oats-An Improved "Columbia type" Variety 
for Missouri by ]. M. Poehlman, July 1956, 8 pages, 
2010 copies. 

636 Using LP Gas as a Tracror Fuel by C. 1. Day, M. D. 
Cannon and M. M. Jones, July 1956, 8 pages, 2010 
copies. 

662 Farm Tracror Costs by C. 1. Day and M. M. Jones, 
August 1956, 8 pages, 2010 copies. 

577 Water and Its Conservation-A Youth Publication by 
M. F. Miller, September 1956, 40 pages, 5160 copies. 

508 Winter Barley in Missouri by ]. M. Poehlman and C. 
A. Helm, September 1956, 20 pages, 1060 copies. 

666 What To Do About Farm Surpluses-Talks from the 
Seventh Annual Missouri Farm Forum-September 1956, 
44 pages, 1050 copies. 

610 Feeding Livesrock by A. G. Hogan, September 1956, 24 
pages, 3520 copies. 

667 Missouri Hybrid Corn Yield Trials by C. O. Grogan 
and M. S. Zuber, September 1956, 12 pages, 1520 copies. 

571 Using Nonfat Dry Milk SoJius in Home Prepared Foods 
-1. Quick Breads and Cookies by Leta G. Maharg 
and Margaret Mangel, Ocrober 1956, 16 pages , 1015 
copies. 

629 Farm Irrigation Systems by Robert P. Beasley, Novem
ber 1956, 20 pages, 1520 copies. 

628 Winter Rations for Feeder Calves by A.]. Dyer, 1. A. 
Weaver,]. E. Comfort, November 1956, 12 pages, 1500 
copies. 

646 Fattening Comparisons-Steers vs Heifers by A. ]. Dyer 
and 1. A. Weaver, December 1956, 8 pages, 2000 copies. 

656 Cookies for Children by Marialice Cunningham and 
Leta G. Maharg, December 1956, 8 pages, 2000 copies. 

618 Improving Livestock Through Breeding by John Lasley 
and Frank]. Rice, December 1956, 24 pages, 1520 copies. 

612 Tests on Treated Fence PostS by W . ]. O'Neil, Janu
ary 1957, 8 pages, 2000 copies. 

569 B-400 A New Early Variety of Winter Barley for Mis
souri by]. M. Poehlman, December 1956, 2050 copies. 

624 Father and Son Agreements by Robert Suter, February 
1957,24 pages, 3520 copies. 

655 Sheep Housing and Equipment-Flexible Arrangements 
for Wintering Flock, Lambing Time, Shearing Time, 
Summer Housing by]. C. W ooley, M. 1. Esmay and A. 
]. Dyer, February 1957,12 pages , 2010 copies. 

634 Recommendations and Requirements for Slaughtering 
Plants by D. E. Brady, Merle L. Esmay and John Mc
Cutchen, March 1957, 16 pages, 1560 copies. 

654 Producing Quality Eggs by E. M. Funk and James For
ward, March 1957, 12 pages, 1520 copies. 

595 General-Purpose Spray Mixtures for Home Fruit Plant
ings by H. G. Swartwout and Lee Jenkins, March 1957, 
8 pages, 1560 copies. 

542 Success with Strawberries by A. D . Hibbard and D. D. 
Hemphill, April 1957, 32 pages, 1025 copies. 

CONTRIBUTIONS TO SCIENTIFIC JOURNALS 

1643 (Abstract) Effect of Diurnal Changes in Ambient Tem
perature on Hair and Skin Temperature of Jersey and 
Holstein Cattle, by R. E. Stewart and S. Brody, Depart
ments of Agricultural Engineering and Dairy Husband
ry, University of Missouri. Submitted July, 1956, for 
publication in American Society of Animal Production. 

1644 A Seasonal Variation in the Succinic Dehydrogenase 
Activity of Bovine Sperinatozoa, by]. T. Smith, D. T. 
Mayer, and C. P. Merilan, Departments of Agricultural 
Chemistry and Dairy Husbandry, University of Missouri. 
Submitted July, 1956, for publication in the Journal of 
Dairy Science. 

1645 The Effect of Washing Upon the Dehydrogenase Activi
ty of Bovine Spermatozoa, by]. T. Smith, D. T. Mayer, 
and C. P. Merilan, Departments of Agricultural Chemis
try, Animal Husbandry, and Dairy Husbandry, Uni
versity of Missouri. Submitted July, 1956, for publica
tion in the Journal of Dairy Science. 

1646 Genetic and Structural Relationships of Non-Homolo
gous Chromosomes in Wheat, by E. R. Sears and M. 
Okamoto, Field Crops Research Branch, Agricultural 
Research Service, U. S. Department of Agriculture, and 
Graduate Assistant, Field Crops Department, Univer
sity of Missouri. Submitted July, 1956, for presentation 
at International Genetics Symposia, Tokyo, Japan, 
September 6-12, 1956. 

1647 Some Results of Feeding Phenothiazine As A Means of 
Controlling Gastro-intestinal Parasites of Calves, G. C. 
Shelton, D .V.M., M.S., D. E. Rodabaugh, D.V.M., and 
Cecil Elder, D.V .M., M.S., School of Veterinary Medi
cine, University of Missouri. Submitted July, 1956, for 
publication in Veterinary Medicine. 

1648 Removal of Silage From Horizontal Silos, by Merle L. 
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Esmay and Donald B. Brooker, Department of Agricul
tural Engineering, University of Missouri. Submitted 
July, 1956, for publication in the Proceedings of the Na-



tional Grassland Farming Society. 
1649 Discrimination Techniques in Meat Acceptance Studies, 

Departments of Animal Husbandry and Agricultural 
Economics , University of Missouri. Submitted July , 
1956, for publication in Food Technology or Food Re
search. 

1650 The Comparative Nucleic Acid Content of Liver Nuclei, 
Ova Nuclei, and Spermatozoa of the Frog, by Marta 
Cancio England and Dennis T. Mayer, Departments of 
Animal Husbandry and Agricultural Chemistry, Uni
versity of Missouri. Submitted August, 1956, for publi
cation in the Journal of Experimental Cell Research. 

1651 (Abstract) A Technique for In Vivo Measurement of 
Thyroid 1':11 in Cattle and Its Application During Ex
perimental Alteration of Thyroid Function, by G. W. 
Pipes, B. N. Premachandra and C. W. Turner, Depart
ment of Dairy Husbandry, University of Missouri. Sub
mitted August, 1956, for presentation at the annual 
meeting of the American Society of Animal Produc
tion. 

1652 (Abstract) The Effect of Various Stimuli on the Blood 
Levels of 17-Hydroxycorticosteroids in Cattle, by Jack 
Saroff and C. W . Turner, Department of Dairy Hus
bandry, University of Missouri. Submitted August, 1956, 
for presentation at the annual meeting of the Ameri
can Society of Animal Production. 

1653 (Abstract) The Excretion of Estrogens and Pregnanediol 
in the Urine and Feces of Cows in Late Pregnancy, by 
Tawfik El Attar and C. W. Turner, Department of 
Dairy Husbandry, University of Missouri. Submitted 
August, 1956, for presentation at the annual meeting of 
the American Society of Animal Production. 

1654 (Abstract) Relative Importance of Sweating and Diffu
sion in Evaporative Cooling in Cattle, Rabbits, and 
Other Species, by Harold D. Johnson, Chu Shan Chen, 
and Samuel Brody, Department of Dairy Husbandry, 
University of Missouri. Submitted August, 1956, for 
presentation at the annual meeting of the American 
Society of Animal Production. 

1655 (Abstract) Effect of Temperature on the Growth and 
Development of Zebu, Milking Shorthorn, and Santa 
Gertrudis Heifers, by D. A. Hartman, Paul Cornelison, 
A. C. Ragsdale, and Samuel Brody, Department of 
Dairy Husbandry, University of Missouri . Submitted 
August, 1956, for presentation at the annual meeting of 
the American Society of Animal Production. 

1656 New Techniques in Consumer Preference Research, by 
Elmer R. Kiehl and V. James, Department of Agricul
tural Economics, University of Missouri. Submitted 
August, 1956, for presentation at the American Farm 
Economics Association, August 28. 

1657 (Abstract) Heritability of Differences in Two Economi
cally Impodant Traits in Swine, by V. Balakrishna 
Reddy and John F. Lasley, Department of Animal Hus
bandry, University of Missouri. Submitted August, 1956, 
for presentation at the American Society of Animal Pro
duction. 

1658 (Abstran) Some Genetic Aspects of Intra-uterine and 
Post-utenne Growth in Beef Cattle, by John F. Lasley 
and William E. Pugh, Department of Animal Husband
ry, University of Missouri. Submitted August, 1956, for 
presentation at the annual meeting of American Society 
of Animal Production. 

1659 (Abstract) Variations in the Physiological Response to 
Stress in Dwarf and Normal Beef Cattle, by Charles W . 
Foley, John W. Massey, and John F. Lasley, Department 
of Animal Husbandry, University of Missouri. Sub
mitted August, 1956, for presentation at the annual 
meeting of the American Society of Animal Production. 

1660 (Abstract) The Effect of Nitrate on Reproduction and 
Lactation, by M. E. Muhrer, G. B. Garner, W. H. 
Pfander, and B. L. O'Dell, Departments of Agricultural 
Chemisrry and Animal Husbandry, University of Mis
souri. Submitted August, 1956, for publication in the 
Journal of Animal Science. 

1661 (Abstract) The Influence of Time of Feeding of Rough
age and Concentrate on the Utilization of Rating by 
Wethers, by W. H. Pfander and C. W . Gehrke, Depart
ments of Animal Husbandry and Agricultural Chemistry, 
University of Missouri. Submitted August, 1956, for 
publication in the Journal of Animal Science. 

1662 (Abstract) The Absorption of Glucose, Lactic Acid, 
Potassium Nitrate and Potassium Nitrite from the Ru
men of Mature Wethers, by W. H. Pfander, W. C. 
Ellis, G. B. Garner, and M. E. Muhrer, Departments of 
Animal Husbandry and Agricultural Chemistry, Univer
sity of Missouri. Submitted August, 1956, for publica
tion in the Journal of Animal Science. 

1663 Technique for In Vivo Measurement of Thyroidal I' :1I 

in Cattle" ", by G. W. Pipes, B. N. Premachandra, and 
C. W. Turner, Department of Dairy Husbandry, Uni
versity of Missouri. Submitted August, 1956, for publi
cation in the Journal of Dairy Science. 

1664 Ergotamine, Oxytocin and Milk Let-Down in Lactating 
Rat, by Clark E. Grosvenor* and Charles W. Turner, 
Department of Dairy Husbandry, University of Mis
souri. Submitted August, 1956, for publication in the 
Proceedings of the Society for Experimental Biology 
and Medicine. 

1665 The Incidence of Breast Blisters as Related to the 
Amount of Breast Feathering, by E. M. Funk and J. E. 
Savage, Department of Poultry Husbandry, University 
of Missouri. Submitted August, 1956, for publication in 
Poultry Science Journal. 

1666 Studies on Drug Toxicity in Chicks, by Paul M. New
berne and William B. Buck, Department of Veterinary 
Bacteriology and Parasitology, School of Veterinary 
Medicine, University of Missouri. Submitted September, 
1956, for publication in the Journal of Poultry Science. 

1667 Symptomology of the Scar Skin Disorder in Apple, by 
D. F. Millikan, Department of Horticulture, College of 
Agriculture, University of Missouri. Submitted Septem
ber, 1956 for presentation at the National Meeting of 
the Phytopathological Society and to be printed in their 
Annual Report. . 

1668 Chemical Inhibition of the Necrotic Ring Spot Virus in 
Plum, by D. F. Millikan and H. W. Guengerich, De
partment of Horticulture, University of Missouri. Sub
mitted September, 1956, for presentation at the National 
Meeting of the Phytopathological Society and to be 
printed in their Annual Report. 

1669 Some Observations on the Pathological Histology of 
Downy Mildew, Sclerophthora macrospora of Corn, Oars, 
Sorghum and Wheat, by Marvin D . Whitehead, De
partment of Field Crops, University of Missouri. Sub
mitted September, 1956, for presentation at the national 
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meeting of Phytopathology co be held at Cincinnati, 
Ohio, December 6 and 8, and to be published in Phyto
pathology. 

1670 Potassium, Zinc and Distillers Dried Solubles as Sup' 
plements to a Purified Diet, by B. L. O'Dell and J. E. 
Savage, Departments of Agricultural Chemistry and 
Poultry Husbandry, University of Missouri. Submitted 
September, 1956, for publication in Poultry Science. 

1671 Stability of Streptomycin in Apple and Potato Tissue, 
by R. N. Goodman and M. R. Johnston, Department 
of Horticulture, University of Missouri. Submitted Sep
tember, 1956, for publication in the Antibiotics Annual, 
1955-56. 

1672 Identification of Chromosomes Carrying Genes for Stem
Rust Resistance in Four Varieties of Wheat, by E. R. 
Sears , W. Q. Loegering and H. A. Rodenhiser, U. S. 
Department of Agriculture and Field Crops Depart· 
ment, University of Missouri. Submitted September, 
1956, for publication in the Agronomy Journal. 

1673 (Abstract) Transmission of the Stem Pitting Factor in 
Apple, by H. W . Guengerich and D. F. Millikan, De
partment of Horticulture, University of Missouri. Sub
mitted October, 1956, for publication in the Journal of 
Phytopathology. 

1674 A Study of the Use of Shields As a Method of Reduc· 
ing Dalapon Injury to Corn (abstract), by R. E. Larso? 
and O . H. Fletchall, Department of ::<ield Crops, UnI
versity of Missouri. Submitted October, 1956, for pub
lic~tion in the 1956 North Central Weed Control Con
ference Research Report. 

1675 Additional Evidence on the Effect of X-ray and Ultra
violet Radiation on Mutation in Maize, by M. G . Nuf
fer, Department of Field Crops, University of Missouri. 
Submitted October, 1956, for publication in the Journal 
of Genetics . 

1676 Adenine and Adenosine Deaminase Activity of Rat 
Mammary Gland Homogenates Through Pregnancy and 
Lactation, W. F. Williams* and C. W. Turner, Depart
ment of Dairy Husbandry, University of Missouri. Sub
mitted October, 1956, for publication in Proceedings of 
the Society for Experimental Biology and Medicine. 

1677 Paper Electrophoretic Study of C a45 Binding in Sera of 
Normal, Parathyroidectomized and Estrogen Treated 
Rats, by Giovanni Manunta, **Jtek Saroff, and Charles 
W. Turner, Department of Dairy Husbandry, Univer
sity of Missouri. Submitted October, 1956, for publi
cation in the Proceedings of the Society for Experiment
al Biology and Medicine. 

1678 Metabolism of Ca45 in Blood, Bones and Young of 
Lactating Rats Treated With Estradiol, by Giovanni 
Manunta, Jack Saroff, and Charles W. Turner, Depart
ment of Dairy HLlsbandry, University of Missouri. Sub
mitted October, 1956, for publication in the Proceedings 
of the Society for Experimental Biology and Medicine. 

1679 Relationship Between Estradiol and Parathyroid on the 
Retention of Ca45 in Bone and Blood Serum of Rats, by 

Giovanni Manunta, Jack Saroff, and Charles W. Turner, 
Department of Dairy Husbandry, Univ~rsi~y o~ Mis
souri. Submitted October, 1956, for pubhcanon In the 
Proceedings of the Society for Experimental Biology and 
Medicine. 

1680 Simazin (2-chloro-4, 6-bis( ethylamino )-s-triazine) for 
Weed Control in Corn, by O. Hale Fletchall, Depart-

ment of Field Crops, University of Missouri. Submitted 
October, 1956, for publication in the 1956 North Cen
tral Weed Control Conference Research Report. 

1681 Environmental Variability and the Composition of the 
Corn Plant, by L. M. Flynn, M. S. Zuber, G. E. Smith, 
C. W. Gehrke and M. E. Muhrer, Departments of Agri· 
cultural Chemistry, Field Crops, and Soils, University 
of Missouri. Submitted October, 1956, for publication in 
the Journal of Agricultural and Food Chemistry. 

1682 (Abstract) SpOt Treatment of Johnsongrass with Dala
pon, by O. Hale Fletchall, Department of Field Crops, 
University of Missouri. Submitted October, 1956, for 
publication in the 1956 North Central Weed Control 
Conference Research Report. 

1683 Abstract Spring Control of Chickweed in Lawns, by 
Delbert D. Hemphill, Department of Horticulture, Uni
versity of Missouri. Submitted November, 1956, for 
publication in "Research Report". 

1684 Abstract White Clover Control in Bluegrass Turf, by 
D. D. Hemphill, Department of Horticulture, Univer
sity of Missouri. Submitted November, 1956, for publi
cation in Research Report. 

1685 Post-emergence Control of Crabgrass in Lawns, by D. 
D. Hemphill, Department of Horticulture, University of 
Missouri. Submitted November, 1956, for publication in 
Research Report. 

1686 Abstract Pre-emergence Control of Crabgrass in Lawns, 
by D. D. Hemphill and T. W. Hogard, Department of 
Horticulture, University of Missouri. Submitted Novem
ber, 1956, for publication in Research Report. 

1687 An Index of Religious Group Action, by John S. Holik, 
Departmellt of Rural Sociology, University of Missouri. 
Submitted November 1, 1956, for publication in Rural 
Sociology Journal. 

1688 Casein As a Source of Protein for the Chick, by A. G. 
Hoga'n, R. W. Craghead, J. E. Savage, J. J. Cole, and 
B. L. O'Dell, Departments of Agricultural Chemistry 
and Poultry Husbandry, College of Agriculture, Uni
versity of Missouri. Submitted November, 1956, for 
publication in the Journal of Nutrition. 

1689 Subsoil Pan Supports Perched Water Table on Ozark 
Ridge, by P. W . Fletcher and R. E. McDermott, De
partment of Forestry, University of Missouri. Submitted 
November, 1956, for publication in the Soil Science 
Society of America Proceedings . . 

1690 Confinement Shelters in Flock Replacement Systems, 
by Q. B. Kinder, Department of Poultry Husbandry, 
University of Missouri. Submitted November, 1956, for 
publication in Poultry Tribune. 

1691 Chemical Weed Control in Grape Vineyards, by D. D. 
Hemphill, Department of Horticulture, Uni:rers.ity ?f 
Missouri. Submitted November, 1956, for pubhcanon 10 

Research Report, North Central Weed Control Confer
ence, 1956. 

1692 Weed Control Around Young Apple Trees, by D. D. 
Hemphill, Department of Horticulture, Unive~sity. of 
Missouri. Submitted November, 1956, for pubhcanon 
in the Research Report, North Central Weed Control 
Conference, 1956. 

1693 The Retention and Reactions of Anhydrous Ammonia 
on Different Soil Types, by L. L. McDowell and G. E. 
Smith, Department of Soils , Unive~sity o~ Missouri. 
Submitted November, 1956, for pubhcatlOn In the Pro-
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ceedings Soil Science Society of America. 
1694 Brush Control With CMU In Bands an Grids, by O. 

Hale Fletchall, Department of Field Crops, University 
of Missouri. Submitted December, 1956, for presenta
tion at the 1956 Meetings of the North Central Weed 
Control Conference. This abstract will be published in 
the Proceedings of the Meetings. 

1695 Control of 2,4-D-Resistant Broadleaved Lawn Weeds, 
by D. D. Hemphill and T. W. Hogard, Department of 
Horticulture, University of Missouri. Submitted De
cember, 1956, for publication in Proceedings North 
Central Weed Control Conference, 1956. 

1696 Crabgrass Control Studies, by T. W . Hogard and D. D. 
Hemphill, Department of Horticulture, University of 
Missouri. Submitted December, 1956, for publication in 
Proceedings North Central Weed Control Conference, 
1956. 

1697 Chemical Weed Control in Vineyards, by D. D. Hemp. 
hill, Department of Horticulture, University of Missouri. 
Submitted December, 1956, for publication in Proceed
ings North Central Weed Control Conference, 1956. 

1698 Symposium-The Meat Type Steer-Results of Con
sumer Preference Studies, by D. E. Brady, Department 
of Animal Husbandry, University of Missouri. Sub
mitted December, 1956, for publication in the American 
Society of Animal Production. 

1699 Use of Dental Services by Rural People in a South Mis
souri County, by Mary R. Bonwell and Robert L. Mc
Namara, Department of Rural Sociology, University of 
Missouri. Submitted December, 1956, for publication in 
the Journal of the Missouri Dental Society. 

1700 Consumer Preference and Meat Animals, by Elmer 
Kiehl , Department of Agricultural Economics, Univer
sity of Missouri. Submitted December, 1956, for publi
cation in the Proceedings. This talk was presented at 
the American Vocational Association at St. Louis, De
cember 3. 

1701 Effect of Vitamin BI ~ Deficiency and Fasting on the In
corporation of p:l~ into Nucleic Acids and Phospho
lipids of Infant Rats, by B. L. O'Dell and J. H. Bruem
mer, Department of Agricultural Chemistry, University 
of Missouri. Submitted December, 1956, for publica
tion in the Journal of Biological Chemistry. 

1702 (Abstract) Heat Production in Relation to Heat Toler
ance in Cattle, by H. H. Kibler, Department of Dairy 
Husbandry, University of Missouri. Submitted Decem
ber, 1956, for presentation at the annual meeting of the 
Federation of American Societies for Experimental 
Biology, April 15-19, 1957, in Chicago, Illinois. 

1703 Effect of Rising Environmental Temperature on the 
Thyroid Jl 3 1 Activity of Rabbits, by H. D. Johnson, 
C. S. Cheng, and Samuel Brody. Submitted December, 
1956, for presentation at the annual meeting of the Fed
eration of American Societies for Experimental Biology, 
April 15-19, 1957, in Chicago, Illinois. (Abstract) 

1704 The Lespedezas, Part II, Culture and Utilization, by 
Joe D. Baldridge, Department of Field Crops, Univer
sity of Missouri, and Forage and Range Section, Field 
Crops Research Branch, Agricultural Research Service, 
U. S. Department of Agriculture, Columbia, Mo. Sub
mitted January, 1957, for publication in the Advances 
of Agronomy Journal. 

1705 (Abstract) Lipoprotein Complex, Nucleic Acids, and 

Other Constituents of Bovine Spermatozoa, by Dennis 
T. Mayer, Frank Madera-Orsini, and Robert E. Berry 
Department of Agricultural Chemistry, University of 
Missouri. Submitted January, 1957, for publication in 
the Federation Proceedings of the Federation of Ameri
can Societies for Experimental Biology. 

1706 The Weathering of Some Boron-Bearing Materials, by 
E. R. Graham, Department of Soils, University of 
Missouri. Submitted January, 1957, for publication in 
the Proceedings, Soil Science Society of America. 

1707 Symptoms of Zinc Deficiency in the Chick, by B. L. 
O'Dell and J. E. Savage, Departments of Agricultural 
Chemistry and Poultry Husbandry, University of Mis
souri. Submitted January, 1957, for publication in the 
the Federation Proceedings of the American Society of 
Biological Chemists. 

1708 Improved Splash Tube for Drop Counting Fraction Col
lectors, by John S. Baumstark, Department of Agri
cultural Chemistry, University of Missouri. Submitted 
January, 1957, for publication in the Journal of Analyti
cal Chemistry. 

1709 A Surgical Method for Urine-Feces Separation in Young 
Chickens, by P. M. Newberne, Osm. A. Laerdal, and B. 
L. O 'Dell, Department of Veterinary Bacteriology and 
Parasitology and Department of Agricultural Chemistry, 
University of Missouri . Submitted January, 1957, for 
publication in Journal of Poultry Science. 

1710 Histopathology in Selected Tissue of Infant Rats from 
Vitamin BI2 Deficient Dams, by P. M. Newberne and 
B. L. O~'Dell, Departments of Veterinary Bacteri9logy 
and Parasitology and Agricultural Chemistry, University 
of Missouri. Submitted January, 1957, for publication 
in the Society for Experimental Biology and Medicine. 

1711 Studies on Drug Toxicities in Chicks (4. The influence 
of various levels of Nitrofurazone on growth and devel
opment of chicks), by P. M. Newberne and G. L. Mc
Euen, Department of Veterinary Bacteriology and Par
asitology, School of Veterinary Medicine, University of 
Missouri. Submitted January, 1957, for publication in 
Poultry Science. 

1712 Studies on Drug Toxicity in Chicks (5, The influence 
of various levels of DPPD on Growth and Develop
ment of Chicks), by P. M. Newberne and G. L. Mc
Euen, Department of Veterinary Bacteriology and Par
asitology, School of Veterinary Medicine, University of 
Missouri. Submitted January, 1957, for publication in 
Poultry Science. 

1713 Guanine and Guanosine Deaminase Activity of Rat 
Mammary Gland Homogenates Through Pregnancy 
and Lactation, by Walter F. Williams and Charles W. 
Turner, Department of Dairy Husbandry, Universiry of 
Missouri. Submitted February, 1957, for publication in 
the Society of Experimental Biology and Medicine. 

1714 A Direct Method for Determination of Digestibility 
in Growing Chickens, by Osm. A. Laerdal, P. M. New
berne, J. E. Savage and B. L. O'Dell, Departments of 
Agricultural Chemistry, Veterinary Bacteriology and 
Parasitology, and Poultry Husbandry. University of 
Missouri. Submitted February, 1957, for publication in 
Poultry Science. 

1715 Ultraviolet and X-Ray Induced Chromosomal Aberra
tions in Wheat, by Lotti M. Steinitz-Sears and E. R. 
Sears, supported by the National Science Foundation, 
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Grant G 1626; by the Section of Cereal Crops, Field 
Crops Research Branch, Agricultural Research Service, 
U. S. Department of Agriculture; and by the Field Crops 
Department, Missouri Agricultural Experiment. Sub
mitted February, 1957, for publication in the Journal of 
Genetics. 

1716 A Technique for Estimation of the Effectiveness of 
Goitrogens in Cattle, QY G. W . Pipes, B. N . Premac
handra and C. W . Turner, Department of Dairy Hus
bandry, University of Missouri. Submitted February, 
1957, for publication in the Journal of Animal Science. 

1717 A Method for Evaluation of Milk " Let-Down" in 
Lactating Rat, by C. E. Grosvenor and C. W . Turner, 
Department of Dairy Husbandry, University of Mis
souri. Submitted February, 1957, for publication in the 
Proceedings of the Society of Experimental Biology and 
Medicine. 

1718 Autoradiography of Bovine Spermatozoa With Glycerol
loC H, by B. W . Pickett and C. P. Merilan, Dept. of 
Dairy Husbandry, University of Missouri . Submitted 
February, 1957, for presentation at the American Dairy 
Science Association meetings in June. 

1719 The Influence of Environmental Temperature on Milk 
Composition, by C. P. Merilan and K. W . Bower, De
partment of Dairy Husbandry, University of Missouri. 
Submitted February, 1957, for presentation at the Ameri
can Dairy Science Association meetings in June. 

1720 Sorghum Grain, a Medium Suitable for the Build-up of 
Inoculum for Studies of Soil-borne and Certain Other 
Fungi, by Marvin D. Whitehead, Field Crops Depart
ment, University of Missouri. Submitted February, 1957, 
for publication in Phytopathology Journal. 

1721 Stated Opinion and Actual Practice in Health Behavior 
in a Rural Area, by Edward Hassinger and Robert L. 
McNamara, Department of Rural Sociology, University 
of Missouri. Submitted February, 1957, for publication 
in the Midwest Sociologist. 

1722 The Effect of Estrogen and Progesterone on Thyroid 
Function of Dairy Cattle, by G. W. Pipes, B. N . 
Premachandra and C. W. Turner, Department of Dairy 
Husbandry, University of Missouri. Submitted February, 
1957, for publication in the Journal of Dairy Science. 

1723 Estimation of Estrogen Secretion in Dairy Cows in Late 
Pregnancy, by Tawfik El Attar and C. W. Turner. De
partment of Dairy Husbandry, University of Missouri. 
Submitted February, 1957, for publication in the Journal 
of Dairy Science. 

1724 Biological Assay of Milk for Estrogenic Activity, by 
C. W . Turner, Department of Dairy Husbandry, Uni
versiry of Missouri. Submitted February, 1957, for publi
cation in the Journal of Dairy Science. 

1725 Energy Utilization and Heat Tolerance in Indian and 
. European Cattle, by H. H. Kibler, A. C. Ragsdale, and 
H. D . Johnson, Department of Dairy Husbandry, Uni
versity of Missouri. Submitted February, 1957, for pres
entation at the Annual Meeting of the American Dairy 
Science Association, June 26, 27, and 28, 1957, at the 
Oklahoma A & M College. 

1726 Blood Volumes of Dairy Calves Comparing Cr5 1 Tag
ged Red Blood Cells and T"1824 Plasma Dilution Meth
ods, by P. R. Stahl and H. E. Dale, Departments of 
Dairy Husbandry and Veterinary Physiology Division 
of Agricultural Science, University of Missouri. Sub-

mitted February, 1957, for presentation at the Annual 
Meeting of the American Dairy Science Association, 
June 26, 27, and 28, 1957, at the Oklahoma A & M 
College. 

1727 Diet Composition and Mineral Balance in Guinea Pigs, 
by B. L. O 'Dell, E. R. Morris, E. E. Pickett, and A. G. 
Hogan, Department of Agricultural Chemistry, Univer
sity of Missouri. Submitted February, 1957, for publica
tion in the Journal of Nutrition. 

1728 The Allegheny Chinkapin and Two Exotic Oaks Suscep
tible to Oak Wilt, by T. W. Bretz, Department of For
estry, University of Missouri. Submitted March, 1957, 
for publication in the Plant Disease Reporter. 

1729 Estimation of Amount of Oxytocin Released as Result 
of Nursing Stimuli in Lactating Rat, by C. E. Grosvenor 
and C. W . Turner, Department of Dairy Husbandry, 
University of Missouri. Submitted March, 1957, for 
publication in the Proceedings of the Society for Experi
men tal Biology and Medicine. 

1730 Molybdenum As A Dietary Essential for Lambs, by W. 
C. Ellis, W. H . Pfander, M. E. Muhrer and E. E. Pickett, 
Departments of Animal Husbandry and Agricultural 
Chemistry, University of Missouri. Submitted July, 1957, 
for publication in Journal of Nutrition. 

1731 Control of the Common Poultry Ascarid by Treating 
the Soil With Sodium Pentachlorophenate, by G. C. 
Shelton, J. M. Magner and P. H. Santmyer, Department 
of Veterinary Bacteriology and Parasitology, School of 
Veterinary Medicine, University of Missouri, and Or
ganic Division, Monsanto Chemical Company, St. Louis. 
Submitted March, 1957, for publication in the Journal 
of Helminthology, published in London. 

1732 The Effect of Antemortem Stress on Postmortem Beef 
Carcass Characteristics, by H. B. Hedrick and D. E. 
Brady, Department of Animal Husbandry, and C. W. 
Turner, Department of Dairy Husbandry, Universiry 
of Missouri. Submitted March, 1957, for publication in 
the Proceedings of the American Meat Institute Re
search Conference. 

1733 Breeding High Amylose Corn, by M. S. Zuber, C. O. 
Grogan, W . 1. Deatherage, J. E. Hubbard, W. E. 
Schulze, and H . M. Mac Masters, Department of Field 
Crops, University of Missouri. Submitted March, 1957, 
for publication in the Journal of Agronomy. 

1734 Feeding Diethylstilbestrol to Induce Experimentally 
Growth of the Cow's Udder by C. W . Turner and 1;1. 
1. Ruppert, Jr., Department of Dairy Husbandry, Uni
versity of Missouri. Submitted March, 1957, for publica
tion in the Journal of Dairy Science. 

1735 Failure of Relaxin to Cause Milk Let-Down in Lactating 
Rat by Clark E. Grosvenor and Charles W. Turner, 
Dairy Husbandry Department, University of Missouri . 
Submitted March, 1957, for publication in Journal of 
Dairy Science. 

1736 Desoxyribonudeic Acid (DNA) Content of the Mam
mary Gland During Pregnancy and Lactation by David 
R. Griffith and Charles W. Turner, Department of 
Dairy Husbandry, University of Missouri. Submitted 
March, 1957, for publication in the Proceedings of the 
Society for Experimental Biology and Medicine. 

1737 Desoxyribosenucleic Acid a,s an Index of Mammary 
Gland Growth of Mice by Henry C. Damm and Charles 
W. Turner, Department of Dairy Husbandry, University 

-128-



of Missouri. Submitted March, 1957, for publication in 
the Proceeding of the Society for Experimental Biology 
and Medicine. 

1738 In-The-Furrow Application of Fungicides for the Con
trol of Cotton Seedling Disease-Damping-Off and 
Nub-Root, by Marvin D. Whitehead and Norman E. 
Brown, Department of Field Crops, University of Mis
souri. Submitted April, 1957, for publication in the 
Plant Disease Reporter. 

1739 Nitrogen Losses From Soils Fertilized With Different 
Nitrogen Carriers, by G. H. Wagner and G. E. Smith, 
Department of Soils, University of Missouri. Submitted 
April, 1957, for publication in Soil Science. 

1740 The Effect of Soil Smoothing Devices on the Action of 
Pre-Emergence Herbicides in Soybeans and Corn, by R. 
E. Larson, D . L. Klingman, and O . H. Fletchall. De
partments of Agricultural Engineering and Field Crops 
and Weed Investigation Seerion of A.R.S. , U. S. De
partment of Agriculture. Submitted April , 1957, for 
publication in the Weeds Magazine. 

1741 Lindane Residue Changes During Fermentation and 
Processing of Pickles, by Melvin R. Johnston, Depart
ment of Horticulture, University of Missouri. Submit· 
ted April, 1957, for presentation at the National In
stitute of Food Technology Meetings, May 13, 1957. 

1742 The Etiology of "Nitrate Poisoning" in Sheep, by W . 
H . Pfander, G. B. Garner, W. C. Ellis and M. E. 
Muhrer, Departments of Animal Husbandry and Agri· 
cultural Chemistry, University of Missouri. Submitted 
April , 1957, to be published in the Society of Experi
mental Biology and Medicine. 

1743 Ergot Alkaloids and Milk "Let-Down" in Lactating Rat, 
by Clark E. Grosvenor and Charles W . Turner, Depart
ment of Dairy Husbandry, University of Missouri. Sub
mitter April, 1957, for publication in the Proceeding of 
the Society for Experimental Biology and Medicine. 

1744 Oak Flowers May Serve As Infection Courts for the 
Oak Wilt Disease, by T. W. Bretz and T. W . Jones, 
Department of Forestry , University of Missouri. Sub
mitted April, 1957, for publication in the Plant Disease 
Reporter. . 

1745 Oak Wilt Fungus Not Found in Acorns From Diseased 
Tree, by T. W. Bretz and W. D . Buchanan, Depart
ment of Forestry, University of Missouri. Submitted 
April, 1957, for publication in the Plant Disease Re
porter. 

1746 Thyroxine Secretion Rates of Two Strains of New 
Hampshire Chickens, by B. N . Premachandra, G. W. 
Pipes and C. W. Turner, Department of Dairy Hus
bandry, University of Missouri. Submitted April, 1957, 
tor presentation at the American Poultry Science As
sociation Meeting, August, 1957. 

1747 A Radioiodine Technique for Measurement of the Thy
roid Secretion Rate of the Individual Fowl, by G. W. 
Pipes, B. N. Premachandra and C. W . Turner, Depart
ment of Dairy Husbandry, University of Missouri. Sub
mitted April, 1957, for presentation at the American 
Poultry Science Association Meeting, August, 1957. 

1748 Medical Care for the Indigent in Missouri , by Robert 
L. McNamara, Department of Rural Sociology, Uni
versity of Missouri. Submitted April, 1957, for publica
tion in the Proceedings of Missouri Public Health As
sociation. 

1749 The Comparative Performance of Various Combinations 
of F, and F2 Generation Seed or Maize, by C. o. 
Grogan and M. S. Zuber, Department of Field Crops, 
University of Missouri. Submitted May, 1957, for publi
cation in the Journal of Agronomy. 

1750 The Effectiveness of Commercial Papain in Meat Ten
derization, by Shirley Weiner, Margaret Mangel, Leta 
Maharg, and G. G. Kelley, Department of Home Eco
nomics, University of Missouri. Submitted May, 1957, 
for presentation before the Institute ot Food Technology 
meeting in Pittsburgh, May 12, and for possible publica
tion later in year in either the Food Research or the 
Journal of Food Technology. 

1751 Parasitism in Sheep on Irrigated Pastures, by G. C. 
Shelton, Armand Moles, and A. J. Dyer, Departments 
of Veterinary Bacteriology and Parasitology, School of 
Veterinary Medicine, and Animal Husbandry, Univer
sity of Missouri. Submitted May, 1957, for publication 
in A VMA Journal or Journal on Veterinary Medical 
Research. 

1752 Shrinkage and Organoleptic Characteristics of Beef Aged 
in Controlled Environments, by R. B. Sleeth, G. G. 
Kelley, and D. E. Brady, Food Processing Laboratories, 
University of Missouri. Submitted May, 1957, for publi
cation in Food Technology. 

1753 The Effect of Various Additives on the Stability of 
Cured Hams, by A. M. Mullins, G. G. Kelley, and D. 
E. Brady, Food Processing Laboratories, University of 
Missouri. Submitted May, 1957, for publication in Food 
Technology. . 

1754 Color Stability of Frozen Beef As Influenced by II· 
lumination, Temperature and Storage, by J. L. McBee, 
Jr., H. D. Naumann, and D. E. Brady, Food Processing 
Laboratories , University of Missouri. Submitted May, 
1957, for presentation before the Seventeenth Annual 
Meeting of the Institute of Food Technologists, Pit
tsburgh, Pennsylvania. 

1755 The Effect of Brucellosis Vaccination on Rectal Tem
perature and Feed Consumption of Beef and Dairy 
Calves, by Homer E. Dale and James E. English, from 
the Departments of Physiology and Pharmacology and 
Medicine and Surgery, School of Veterinary Medicine, 
University of Missouri. Submitted May, 1957, for publi
cation in Veterinary Medicine. 

1756 Effect of Dibenamine on Milk "Let-Down" in Lactating 
Rat, by Clark E. Grosvenor and Charles W. Turner, De
partment of Dairy Husbandry, University of Missouri. 
Submitted May, 1957, for publicanon in the Proceedings 
of the Society for Experimental Biology and Medicine. 

1757 Hessian Fly Control with Systemic Insecticides, by 
Harry E. Brown, Department of Entomology, Univer
sity of Missouri. Submitted May, 1957, for publication 
in the United Nations FAO Plant Protection Bulletin 
Rome, Italy. . 

1758 Trace Elements and the Production of Proteins, by Wm. 
A. Albrecht, Department of Soils, University 6f Mis
souri. Submitted May, 1957, for publication in the 
Journal of Applied Nutrition and American Academy of 
Applied Nutrition. . '. 

1759 Implications and Applications of Consumer Preference 
for Meats, by Elmer R. Kiehl, Department of Agricul
tural Economics , University of Missouri. Submitted 
May, 1957; for presentation at the North Central Region 
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Livestock Production and Marketing Conference, Kansas 
State College, Manhattan, Kansas, May 6, 1957. 

1760 Soils of Missouri-Genesis of Great Soil Groups, by 
H. H. Krusekopf, Department of Soils, University of 
Missouri. Submitted May, 1957, for publication in Soils 
Science. 

1761 Measurement of the Thyroid Hormone Secretion Rate 
of Individual Fowls, by G. W. Pipes, B. N. Premac
handra and C W. Turner, Department of Dairy Hus
bandry, University of Missouri. Submitted June, 1957, 
for publication in the Journal of Poultry Science. 

1762 A Thermoelectric Radiation-Partitioning Calorimeter 
for Study of Animal Heat Transfer, by R. E. Stewart, 
Department of Agricultural Engineering, University of 

Missouri. Submitted June, 1957, for publication in Agri
cultural Engineering, the Journal of American Society of 
Agricultural Engineers. 

1763 Contacts With and Conception of the Physician in a 
Rural Setting, by Robert 1. McNamara and. Edward 
Hassinger, Department of Rural Sociology, University 
of Missouri. Submitted June, 1957, for presentation at 
the annual meeting of American Sociological Society, 
Washington, D. C, August 27, 1957. 

1764 Brentids May Be Vectors of the Oak Wilt Disease, by 
W . D . Buchanan, Forest Entomologist, Central States 
Forest Experiment Station, Forest Service, U.S.D.A., 
Columbia, Missouri. Submitted June, 1957, for publi
cation in the Plant Disease Reporter. 

RESEARCH GRANTS 

Alumni Achievement Fund 
For agricultural research. 

National Science Foundation 
To determine nutrients of an unrecognized nature re

quired by guinea pigs. 

U. S. Department of Agriculture 
For studies on the improvement of the nutritive value of 

low-protein, high-fiber farm forages and roughages by fermen
tation with rumen organisms. 

American Angus Breeders Association 
For research work in connection with studies of physiol

ogy and genencs of beef cattle breeding directed toward de
ve1o~ing tests ~or the detection of carriers of the dwarf gene 
and m developmg new methods of selection. 

American Hereford Association 
To further the studies on dwarfism. 

Leon Falk Family Trust 
. To determine the physiolo~ica1 cause, or causes, of dwarf-
15m and to further perfect the msulin test for identifying car
riers of the dwarf gene. 

Ralph 1. Smith Foundation 
To study the physiological basis of dwarfism in beef cat

tle and to study further tests for detecting carriers of the 
dwarf gene. 

Artificial Breeders Association 
For the determination of the physical and chemical ef

fects of various methods of dehydration on bovine spermatozoa 
and development of a practical technique for storing bovine 
semen in a dried state. 

The Cryovac Company 
For s~di~s concem.ing feasibility aspects as they apply to 

grade, fabncanon, freezmg technology, and packaging. 

Columbian Hog and Cattle Powder Company 
. For research work in connection with an assay of cattle 

tissues for goitrogenic agents such as thiouracil and methyl
thiouracil. 

Poul-An Laboratories 
For a study of the functional activity of dried rumen 
bacteria. 

U. S. Public Health Service 
For investigations of the endocrine physiology and inter

mediary metabolism of growth, cellular secretions and tissue 
involution of the mammary gland. 

U. S. Public Health Service 
Eor studies on the endocrine control of mammary growth 

and functions. 

U. S. Public Health Service 
For an investigation of variation in activity of mammary 

gland enzymes associated with nucleic acid metabolism 
through the lactational cycle. 

California Spray-Chemical Corporation 
For research work in connection with seed fungicide 

studies in cotton producing counties of Missouri in an effort 
to develop an early maturing lint cotton with minimum of 
hand labor. 

Missouri Conservation Commission 
For an investigation of the systematics and biology of 

the insects which attack acorns in Missouri with emphasis on 
the nut curculios or weevils. 

Quaker Oats 
To endow research work in connection with breeding of 

white hybrid corn. 

Scott County Milling Company 
To determine sources of stored grain insect infestations 

and means of their control. 

Shell Chemical Corporation 
To study the effects of chemicals when applied to the 

soil for the control of nematodes of cotton, soybeans, and 
garden crops. 

U. S. Forest Service 
For silvicultural studies in bottomland hardwoods. 
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u. S. Forest Service 
A study to determine suitable methods of evaluating the 

amounts of water available to trees growing in stony soils. 

U. S. Forest Service 
Studies of ways in which forest resources and forest in

dustries dependent on them can be made to contribute most 
to both rural and urban income in the low income areas of 
Missouri. 

U. S. Forest Service 
To study the biology, ecology, taxonomy, and economic 

importance of carpenterworms in Missouri hardwoods. 

Gordon Johnson Gift 
For research work in connection with the development 

of mechanical deboning in commercial poultry practices. 

Charles Pfizer and Company 
The use of antibiotics to control plant diseases. 

State Department of Agriculture 
To index fruit trees for virus diseases. 

Stauffer Chemical 
An evaluation of the herbicidal,. fungicidal and nemati

cidal properties of Sodium N-methyl dithiocarbamate (anhy
drous) . 

Upjohn Gift 
Further studies upon Acti-dione as a material for the con

trol of various horticultural crop diseases. 

Upjohn Gift 
For the development of agricultural chemicals. 

Welch Grape 
For a study of the nutritional requirements and the de

velopment of fertilizer practices for the Concord grape and 
the study and control of grape diseases. 

Missouri Turkey Foundation 
A study with turkeys in an attempt to isolate the causa· 

tive agent or agents of synovitis-arthritis complex and to re
produce the disease in susceptible birds. 

Hess and Clark 
A study of the effectiveness of various therapeutic agents. 

Union Electric Rural Sociology 
A study to learn the principles underlying small com

munity behavior and the most favorable techniques to be 
used working with underdeveloped communities. 

American Farm Research Grant 
A program of research covering phases of chlorine and 

other anions in plant nutrition. 

American Potash Institute, Inc. 
A study of the ratio of mineral nutrients in the soil as 

they influence organic composition, including the proteins in 
the crop, residues, etc. 

Allied Chemical and Dye Corporation 
A study of soil reactions of different forms of nitrogen 

and a measurement of nitrogen losses under different condi
tions. 

Cross Foundation 
Study of the trace elements as fertility of the soil in con-

nection with protein production by plants, especially the con
version of the nitrogen from one form to another, e.g. organic. 

Olin Mathieson Chemical Company 
A determination of the solubilities of different kinds and 

amounts of phosphatic fertilizers in the soil and the responses 
by plants to these. 

Herman Frasch Foundation 
For research dealing with the composition of food and 

the accumulation of calcium phosphate in animal tissue. 

American Poultry and Hatchery Federation 
For research in connection with the effect of various 

methods of turning eggs during incubation. 

Missouri Conservation Commission 
For farm forestry research. 

American Potash Institute 
For research dealing with the relationship of potash to 

soil fertility. 

International Minerals and Chemical Corporation 
For support of research on the hypothesis that the nutri

tion of plants is based upon the roots exuding hydrogen or 
acidity in exchange for, or solvent action on, the inorganic 
contents of the soil. 

United States Public Health Service 
For study of the relation of nutrition to hydrocephalus 

in infant rats. 

United States Public Health Service 
For support of research on the intermediary metabolism 

and the mediating enzymes related to growth, cellular secre
tion, and tissue involution of the mammary gland and to the 
endocrine modification of these processes. 

National Soybean Processors Association 
For research on weed control. 

National Livestock and Meat Board 
For research in the assaying of tissues from cattle fed 

diethylstilbestrol and other estrogens. 

Dannen Mills, Inc. 
For the support of research in connection with improve

ment of the soybean crop, quantitatively and qualitatively. 

Hales and Hunter Company 
To promote graduate study in the field of livestock and 

poultry nutrition. 

American Cancer Society, Inc. 
For a study of growth and function of the mammary 

gland with special reference to the enzymes of the gland. 

Missouri Farmers Assn.-Seed Division 
For research relating to improvement of hybrid com 

varieties for Missouri. 

National Soybean Processors Assn. 
For research to improve the soybean crop. 

United States Atomic Energy Commission 
To study the inheritance of productive processes in do· 

mestic animals by endocrine methods using radioactive iso
topes as tracers. 
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N adonal Livestock and Meat Board 
To investigate the effect that .various kinds and degrees 

of stress to which cattle are subjected during marketing are 
upon the resultant carcass ; to determine the role of the en
docrine system in producing and preventing the depletion of 
muscle glycogen. 

National Science Foundation 
For research to secure fundamental information of the 

effects of various cutting tool edges on wood cells and sur
faces under different conditions. 

Missouri Farm Electric Utilization Council 
For research on utilization of eleCtricity on typical Mis

souri farms. 

Pasteuray Corporation 
For research relating to shrinkage, bloom, and aging 

characteristics of beef as influenced by ultra violet radiation. 

Monsanto Chemical Company 
For research to determine the efficiency of special chemi

cal formulations for destroying certain stages of Ascaridia galii 
in the soil or litter. 

United States Atomic Energy Commission 
To study the influence of climatic factors on growth and 

productivity of animals and involved physiological reactions 
with the aid of radioisotopes. 

Changes in Station Staff 
for the Year ending June 30, 1957 

Appointments 

Cecelia Alegarbes, Assistant in Home Economics 
Fred R. Alleva, Assistant in Agricultural Chemistry 
Robert B. Backer, Assistant in Horticulture 
Dale E. Baker, Assistant in Soils 
Jack Lewis Bay, Assistant in Rural Sociology 
Ronald Bird, Research Associate in Agricultural Economics 
Richard A. Bloomfield, Assistant in Agricultural Chemistry 
Jerome Brezner, Assistant in Entomology 
Helen Marie Caldwell, Assistant in Home Economics 
George S. Carter, Assistant in Soils 
Alexander B. Cole, Assistant in Forestry 
Ruth Helen Cook, Associate Professor of Home Economics 
Gerald D. Coores, Assistant in Horticulture 
Owen ].Coccerill, Assistant Professor of Poultry Husbandry 
Charles F. Cromwell, Jr. , Assistant Professor of Agricultural 

Engineering 
Wm. D. Davis, Jr. , Assistant in Agricultural Economics 
George F. Dickensheet, Assistant in Dairy Husbandry 
William M. Dowler, Assistant in Horticulture 
Mac Allen Edwards, Assistant in Agricultural Economics 
John H. Ehrenreich, Research Associate in Forestry 
Billy A. Erickson, Assistant in Agricultural Chemistry 
Neil Finley, Assistant in Horticulture 
Ralph H. Franklin, Assistant in Agricultural Economics 
Fred A. Gardner, Assistant in Poultry Husbandry 
Wm. G. Godbey, Assistant in Agricultural Chemistry 
Phyllis Ann Gray, Instructor in Home Economics 
Clark E. Grosvenor, Research Associate in Dairy Husbandry 
Gale C. Hankins, Assistant in Agricultural Economics 
Gerald V. Hook, Assistant in Agricultural Chemistry 
Raymend W. Hooker, Assistant in Agricultural Economics 
Margaret Ann Howard, Assistant Agricultural Editor 
William E. Johnson, Assistant in Horticulture 
Ted Lee Jones, Assistant in Agricultural Economics 
Max F. Jordan, Assistant in Agricultural Economics 
O . J. Kahlenberg, Professor of Poultry Husbandry 
Taymour Hussein Kamal, Assistant in Agricultural Chemistry 
George G. Kelley, Assistant Professor of Animal Husbandry 

and Home Economics 
Jesse LeRoy Ketchum, Assistant in Animal Husbandry 

Lennie G. Kizer, Assistant in Agricultural Economics 
Lawrence 1. Kramer, Assistant in Animal Husbandry 
Wm. M. Lamkin, Assistant in Agricultural Chemistry 
Donald T. Lyons, Assistant in Dairy Husbandry 
James 1. McBee, Assistant in Animal Husbandry 
Gertrude B. McMillan, Assistant in Rural Sociology 
James McQuigg, Research Associate in Soils 
John Massey, Assistant in Dairy Husbandry 
Lowell D. Miller, Assistant in Agricultural Chemistry 
Armand D. Moles, Assistant in Animal Husbandry 
Ralph A. Musbach, Instructor in Forestry 
Jackie 1. Pearson, Assistant in Horticulture 
Emmett 1. Pinnell, Professor of Field Crops 
Helen Ruth Poss, Assistant in Home Economics 
Richard D . Prewitt, Assistant in Dairy Husbandry 
Gyorgy Redei, Assistant Professor of Field Crops 
Dean S. Shelley, Assistant in Dairy Husbandry 
O. V. Singleton, Instructor in Field Crops 
Gordon A. Stewart, Assistant in Dairy Husbandry 
Harry A. Sullivan, Assistant in Agricultural Economics 
Wm. R. Summitt, Assistant in Agricultural Economics 
Marvin 1. Swearingin, Assistant in Field Crops 
John F. Thornton, Research Associate in Agricultural Engi-

neering 
Leonard A. Voss, Instructor in Agricultural Economics 
George H. Wagner, Assistant Professor of Soils 
Charles E. Webster, Assistant in Animal Husbandry 
Curtis R. Weston, Instructor in Agricultural Engineering 
Ronald Z. Whipkey, Research Associate in Forestry 
Roy Wilson, Assistant in Dairy Husbandry 
Tomasaburo Yabuno, Instructor in Field Crops 
Dale W. Zinn, Assistant in Animal Husbandry 

Resignations and Withdrawals 

Nancy Adams, Assistant in Home Economics 
John W. Allen, Assistant in Agricultural Engineering 
Fred R. Alleva, Assistant in Agricultural Chemistry 
Horace E. Armstrong, Assistant in Agricultural Economics 
Joseph F. Arnold, Research Associate in Forestry. 
John S. Baumstark, Instructor in Agricultural Chemistry 
Joseph 1. Bevirt, Instructor in Agricultural Chemistry 
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Clifron R. Blincoe, Instructor in Dairy Husbandry 
Curtis H. Braschler, Assistant in Agricultural Economics 
William Broce, Jr., Assistant in Horticulture 
Samuel Brody, Professor of Dairy Husbandry (deceased) 
Arthur K. Burdin, Jr. , Assistant Professor of Entomology 
Johnny Campbell, Assistant in Dairy Husbandry 
Patricia W. Cleaver, Assistant in Home Economics 
Paul R. Cornelison, Associate Professor of Dairy Husbandry 
Robert Craghead, Assistant in Agricultural Chemistry 
Wm. D . Davis, Jr., Assistant in Agricultural Economics 
George F. Dickensheet, Assistant in Dairy Husbandry 
Mac Allen Edwards, Assistant in Agricultural Economics 
Neil Finley, Assistant in Horticulture 
Ernestine Frazier, Professor of Home Economics 
Wayne C. Freeark, Assistant in Agricultural Chemistry 
Glenn W. Froning, Assistant in Poultry Husbandry 
Sammy L. Gowing, Assistant in Soils 
J ohn Guillon, Assistant in Agricultural Chemistry 
Bobby E. Hankins, Assistant in Agricultural Chemistry 
Gale C. Hankins , Assistant in Agricultural Economics 
Gary E. Hanman, Assistant in Agricultural Economics 
Dennis Hartman , Assistant in Dairy Husbandry 
R. L. Henrickson, Assistant Professor of Animal Husbandry 
Wm. T. H igdon, Assistant in Soils . 
Thomas W. H ogard, Assistant in Horticulture 
Rose Florea Holman, Assistant Agricultural Ediror 
Virginia K. Holt, Instructor in Home Economics 
Phyllis Ann Gray Hopson, Instrucror in Home Economics 
Glenn E. Huskey, Assistant in Dairy Husbandry 
Edwin A. J aeneke, Assistant in Agricultural Economics 
Robert G. Jensen, Assistant Professor of Dairy Husbandry 
William E. Johnson, Assistant in Horticulture 
Taymour Hussein Kamal, Assistant in Agricultural Chemistry 

LaVerne Jennings Kebert, Assistant in Home Economics 
George G. Kelley, Assistant Professor of Animal Husbandry 

and Home Economics 
Jesse Ketchum, Assistant in Animal Husbandry 
Henry H. Krusekopf, Professor of Soils (retired) 
Osmund A. Laerdal, Assistant in Agricultural Chemistry 
Russell E. Larson, Research Associate in Agricultural Engi-

neering 
Ron Lauter, Assistant in Agricultural Chemistry 
Kieffer R. Lehman, Assistant in Agricultural Economics 
Donald T. Lyons, Assistant in Dairy Husbandry 
Lawrence S. Malone, Assistanr in Rural Sociology 
John Massey, Assistant in Dairy Husbandry 
Albert H . Miller, Assistant in Agricultural Engineering 
John D. Miller, Associate Professor of Agricultural Economics 

Andrew E. Murneek, Professor of Horticulture (retired) 
Gertrude B. McMillan , Assistant in Rural Sociology 
Vicror Nash, Instructor in Soils 
Mohsen Nour, Assistant in Horticulture 
Marion S. Offun, Professor of Field Crops 
Hugh E. Peckman, Assistant in Animal Husbandry 

Alice Wright Peterson, Instrucror in Home Economics 
Thomas W. Pope, Assistant in Dairy Husbandry 
Richard D. Prewi n , Assistant in Dairy Husbandry 
Russ E. Price, Assistant in Agricultural Economics 
Billy Ray Smith, Instrucror in Agricultural Chemistry 
Dwig ht D . Smith , Research Associate in Soils 
Eldon R. Spicer, Assistant in Horticulture 
M. Elsworth Springer, Assistant Professor of Soils 
Gordon A. Stewart, Assistant in Dairy Husbandry 
William R. Thomas, Assistant in Agricultural Chemistry 
Ernest L. Tipton, Assistant in Agricultural Economics 
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FINANCIAL STATEMENT 
University of Missouri 

Agricultural Experiment Station 
July 1, 1956 to June 30, 1957 

Bankhead- Marketing 
Hatch Jones Act State Appro- Fertilizer Station Station Working 
Fund 9b3 Fund Title n priations Fees Sales Grants Capital TOTAL 

Baiance from 1955-56 xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx $83,026.51 $ 98,821.79 $ 80,716.99 xxxxxxxxxx $2,548,826.33 
1 L P 1L_ h ll_::J LU_' __ Receipts from tu" uuu"u ., ..... "" 

Treasury, Appropriation for 
the Fiscal Year ended June 30, 
1957 $604,872.00 $85,550.00 $36,000.00 xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx XXlOlXXXXXX xxxxxxxxxx $ 726,422.00 

Receipts from State Appro-
priations for the Fiscal Year 
ended June 30, 1957 XXXXXXXXJCt xxxxxxxxxx xxxxxxxxxx $645,992.58 xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx 645,992.58 

Cash Receipts for the Fiscal 
Year ended June 30, 1957 xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx 

Total Receipts 
Salaries and Wages ,;p-'t~"t:,"t~o • .,u ;po,),o~"t.a.,) ·lh}O,~'t.l.-'O 'J)"t:OO,tJOO.;;hl 'J).lJ.O,OOO. -,O ~ aoJ,O.lu.UoIf: ~.l.l't,.LIU.~"t ----------
Traveling Expense 18,987.78 6,902.42 1,793.15 24,761.12 22,691.65 5,288.76 5,717.45 ---------- 86,142.33 

Transportation of Things 864.87 68.65 34.64 1,141.32 934.45 140.24 466.23 ---------- 3,650.40 

Communication Service 3,136.09 123.62 311.93 4,881.75 3,556.45 2,490.72 642.80 ---------- 15,143.36 

Rents and Utility Service 7,737.20 61.82 ---------- 12,399.17 15,137.81 5,016.38 964.32 ---------- 41,316.70 

Publication and Printing 335.78 --------- ---------- 12,074.69 21,728.78 1,637.75 531.79 ---------- 36,308.79 

Repairs and Replacements 21,780.73 2,626.65 591.55 48,139.88 48,446.56 58,756.78 5,472.58 ---------- 185,814.73 

Supplies and Materials 106,630.10 8,645.72 3,158.93 65,088.47 77,954.43 44,832.70 40,209.55 ---------- 346,519.90 

Land, Buildings and Equipment 30,964.90 3,408.59 651.75 8,865.89 61,830.58 17,730.89 8,823.36 ---------- 132,275.96 

• Other 8.25 18.00 ---------- 51.76 370.42 ---------- -8-1.75 ---------- 530.18 
Total Expenditures $604,872.00 $85,550.00 $41,783.71 $645,992.58 $371,536.89 $189,704.26 $177,080.07 ---------- $2,116,519.51 

Allotment for Working Capital ---------- ---- ------ ---------- ---------- ---------- $187,000.00 ---------- $187,00n.00 ------------
Balance from 1955-56 ---------- ---------- 5,783.71 ---------- 141,882.73 182,238.26 80,716.99 ---------- 410,621.69 
Unexpended Balance, 

June 30, 1957 $--------- $--------- $--------- $ --------- $ 7,568.09 $130,128.67 $119,717.49 $187,000.00 444,414.25 
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